Postgraduate Medical Journal (October 1977) 53, 598-606.

Neonatal streptococcal infections
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Summary
Most serious neonatal streptococcal infections are
caused by group-B streptococci. The pattern of serious
group-B neonatal disease in Britain resembles that
described in other countries; both ‘early-onset’ and
‘late-onset’ forms are seen, but reliable incidence rates
have not yet been determined.

Serological-type III strains predominate in neo-
natal meningitis in Britain, but not so markedly as in
some parts of the U.S.A. A deficiency of group-II
strains in meningitis is, however, apparent in both
countries.

Present information about the carriage of group-B
streptococci suggests that antibiotic prophylaxis ad-
ministered to mothers or infants is unlikely to reduce
greatly the frequency of ‘early-onset’ disease. The
continuous presence of a suitable chemical disinfectant
in the vagina during labour might be more effective.

Insufficient is known about the epidemiology of
‘late-onset’ neonatal disease for rational preventive
measures to be designed. More information is required
about the postnatal acquisition of group-B streptococci
by neonates and its sources, and about passive transfer
of type-specific antibody from the mother to her child.

By far the commonest streptococcus associated with
serious disease in newborn infants is the group-B
streptococcus. In a recent study of streptococci,
other than pneumococci, associated with systemic
disease in man (Parker and Ball, 1976), 543 isolates
were examined from the blood and internal organs
of patients suffering from a febrile or other appar-
ently ‘septic’ illness and whose age was known; of
these, fifty-five (109) were from patients aged 6
weeks or less. Group-B streptococci comprised
thirty-six (65%;) of the streptococci from these
neonates; the remainder included small numbers of
a wide variety of other streptococci (Table 1).

Neonatal infection with group-B streptococci

For more than 80 years, the group-B streptococcus
has been recognized, under the name Streptococcus
agalactiae, as a widespread cause of mastitis in

TABLE 1. Systemic streptococcal infections (1972-74);
isolates from blood or internal organs

Age Number  Percentage
< 6 week. 55 10

Group A 1

Group B 36

Strep. sanguis 2

Other ‘viridans’ 5

Strep. milleri 1

Enterococci 3

Strep. bovis (biotype 1I) 6

Other
< 1 year 16 3
< 15 years 55 10
All ages 543

cattle. The fact that similar organisms could be
found in the human vagina has been known for
more than 40 years (Lancefield and Hare, 1935), yet
their importance as causes of serious disease in the
newborn has been realized only recently. Some
observers have therefore suggested that the frequency
of neonatal group-B streptococcal disease must have
increased greatly in recent years.

Early reports

It is of interest to look at published records of
systemic infections with group-B streptococci
between 1937, when Colebrook and Purdie first
described the isolation of these organisms from a
blood culture (in a case of puerperal endocarditis),
and 1968, when Jones and Howells reported two
cases of neonatal meningitis; this was the first
account of serious neonatal disease due to group-B
streptococci in the British literature.

Table 2 lists reports of systemic illnesses in which
group-B streptococci were isolated from the blood
or internal organs. Between 1937 and 1943 there
were forty-two, but only three of them were stated to
be in infants (Brown, 1939); of the remainder, over
509%; were associated with childbirth and abortion,
and most of these were cases of endocarditis. Only
five cases of meningitis were recorded; none was
stated to be in a neonate, but the clinical information
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TaABLE 2. Reports of systemic disease in which group-B
streptococci were isolated from the blood or an internal organ

Number of infections in

infants older patients
Puer-
peral or Other
Septi- Menin- post-abortive septi- Menin-

Years caemia  gitis sepsis caemia gitis
193743* 3 0 20 14 59
1944-571 0 0 1 9 0
1958-681 20 62 11 31 7
(Streptococcus Reference Laboratory)
1964-67§ 11 8 5 3 0
1970-75 20 49 11 34 6

(present series)

* Colebrook and Purdie, 1937; Fry, 1938; Brown, 1939;
Hill and Butler, 1940; Rosenthal and Stone, 1940; Koletzky,
1941; Ramsay and Gillespie, 1941; Rantz and Keefer, 1941;
Rantz, 1942; Rantz and Kirby, 1942; Gaustadt, 1942;
Wheeler and Foley, 1943.

{Dawson, Hobby and Lipman, 1944; Dolphin and Cruick-
shank, 1945; Loewe and Alture-Weber, 1946; Roemer and
Griin, 1949; Kahler and Aicher, 1952.

INyhan and Fousek, 1958; de Moor, 1960; Hood e al.,
1961; Wahl et al., 1962; Mannik, Baringer and Stokes, 1962;
Keitel et al., 1962; Eickhoff et al., 1964; Bret and Durieux,
1965; Sicherman, 1965; Etienne, Curioni and Laplane, 1965;
Reinarz and Sanford, 1965; Hall, 1965; Lazarus, Sellers and
Marine, 1965; Kexel, 1965; Kexel and Schonbaum, 1965;
Winterbauer et al., 1966; Maher and Irwin, 1966; Butter and
de Moor, 1967; Canet et al., 1967; Lafaix et al., 1968;
Kvittingen, 1968; Toft and Jespersen, 1968; Jones and
Howells, 1968.

§Harper, 1971.

9 Adults, postoperative, 2; ‘children’ with otitis media, 2;
‘child’ with hydrocephalus, 1.

given was incomplete and leaves slight doubts about
this.

Very few cases were described in the next 14 years,
but from 1958 onwards reports became frequent and
most of them were of neonatal disease. In that year,
Nyhan and Fousek recorded six isolations of group-B
streptococci from the blood of newborn infants in
one hospital in the space of 25 years, and gave the
first clear account of neonatal meningitis in one of
them; in 1961, Hood, Janney and Dameron de-
scribed three cases of neonatal meningitis from one
hospital within 3 months; and in 1962 Wahl,
Cayeux and Derlot listed twelve cases of meningitis
in ‘babies’ seen in France in the previous 8 years. By
1968, systemic neonatal disease due to group-B
streptococci had been reported in the USA, Holland,
France, Germany, Norway, Denmark, Britain and
Senegal.

Septicaemic and meningitic neonatal disease; ‘early-’
and ‘late-onset’ disease
Most reports between 1958 and 1972 were con-

cerned separately with cases either of septicaemic or
meningitic infection of neonates, and it was not until
the end of this period that a comparison was made by
American workers (Quirante and Cassady, 1972;
Franciosi, Knostman and Zimmerman, 1973; Baker
and Barrett, 1973) of the circumstances under
which the two clinical types of infection occurred. It
then became apparent that the natural history of
‘early-onset’ disease—in the first 10 days of life—
and ‘late-onset’ disease were different. Early-onset
disease might be either septicaemic or meningitic, was
often associated with a long interval between rupture
of the membranes and delivery, tended to affect
infants of low birth weight, and had a high mortality
despite prompt treatment; the infecting organism
could nearly always be isolated from the mother’s
vagina. Late-onset disease was almost exclusively
meningitic, affected apparently healthy infants after
normal labour, and had a lower mortality if adequate
treatment was given; information about vaginal
carriage in the mother at or near the time of onset of
disease is less complete, but a number of negative
findings have been reported.

The so-called septicaemic disease is thus almost
always early in onset. It is often associated with
signs of respiratory distress and is difficult to
distinguish from hyaline-membrane disease (Ablow
et al., 1976; Katzenstein, Davis and Braude, 1976).
It is often not recognized in life; for example, in
seventeen cases, Quirante, Ceballos and Cassady
(1974) made a bacteriological diagnosis on speci-
mens collected before death in only five and identi-
fied a further twelve post mortem. Meningitis, on the
other hand, is a disease of the whole neonatal period,
including the first few days of life, and continues to
occur, though in smaller numbers, in the months
following. It is thus an over-simplification to sub-
divide group-B streptococcal neonatal disease into
‘early’ septicaemia and ‘late’ meningitis, as some
authors have done.

In retrospect, there seems to be some evidence that
the role of the group-B streptococcus in perinatal
pathology has changed. Before 1958, many bacterio-
logists were able to recognize the organism; although
they were probably a minority, they included a
number who were concerned in the study of puerperal
sepsis. Lack of interest in possible bacteriological
causes of perinatal death may account for the infre-
quency with which ‘early’ septicaemic cases were
recognized. It seems unlikely, however, that had
neonatal meningitis been as common then as now,
and particularly after the first week of life, it would
not have been recorded. After 1958, accounts of
neonatal meningitis appeared in quick succession,
and several of the authors were clearly under the
impression that the disease had not been recorded
before.
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The pattern of clinical disease in Britain

The clinical manifestations of group-B strepto-
coccal disease in this country appear to be similar
to those reported elsewhere (Table 2). In the years
before the first published account of neonatal disease
in Britain, the Streptococcus Reference Laboratory
at Colindale had received for identification a number
of isolates of group-B streptococci from septicaemic
and meningitic infections in neonates, and after 1970
that number increased. Of the cultures from 130
patients with systemic disease received in the years
1970-75, 120 were from patients who could be
classified into neonates (<6 weeks old) and older
persons (Table 3), although the exact date of onset in
the neonates was not always known. Sixty-one
(51%;) of the isolates were from neonatal infections;
of these eighteen (30%;) were from septicaemic ill-
nesses and forty-three (70%;) from cases of menin-
gitis. All of the septicaemic infections began within

the first 5 days of life, but so did twelve (44%) of the

meningitic infections in which the day of onset was
known. Of fifty-five cases of meningitis, forty-three
(78%;) were in neonates, six (11%{) in older infants,
two (4%4) in children, and four (7%4) in adults.

TABLE 3. Age of patients suffering from systemic disease

due to group-B streptococci from whom isolates were

received at the Streptococcus Reference Laboratory in the
years 1970-75

Number of patients with

other systemic

Age meningitis disease
< 5 days 12 18
6-14 days 7 0
15 days—-6 weeks 8 0
‘Neonate’* 16 0
Total neonates 43 18
6 weeks—1 year 6 2
2-15 years 2 0
> 15 years 4 45
Total older patients 12 47
Grand total 55 65

* Age not further specified.

There is no way of knowing whether this is a
representative sample of the disease, but the septi-
caemic neonatal disease is probably under repre-
sented. In three hospitals in the USA, Baker and
Barrett (1974) recorded 116 cases of serious neonatal
group-B streptococcal disease in 3-5 years; sixty-
eight (59%;) of these were of the septicaemic form.

Incidence
In the last 3 years, several estimates of the inci-
dence of serious group-B streptococcal disease have

been made in single hospitals or groups of neigh-
bouring hospitals (Table 4), but in all of them the
number of infections recorded was rather small.
Despite this, and the fact that the frequency of
detection of septicaemic disease might have been
expected to vary between hospitals, the reported
rates do not differ greatly (range 1-1-2-9/1000 births)
and do not give evidence of systematic geographical
variation. Nor do they appear to be related to
reported vaginal carriage rates in the corresponding
areas (see Table 8).

TaBLE 4. Incidence of serious neonatal diseasc due to
group-B streptococci
Geographical Rate per
Authors area 1000
Franciosi, Knostman and
Zimmerman, 1973 Colorado

Howard and McCracken, 1974 Dallas, Texas
Reid, 1975 Aberdeen
Finch, French and Phillips,

1976 London 1-1

2
Baker and Barrett, 1973 Houston, Texas 2-
1
2

Distribution of serotypes among isolates

Lancefield (1934 and 1938) classified group-B
streptococci into four serotypes possessing the poly-
saccharide antigens Ia, Ib, II and III respectively.
Later, Wilkinson and Eagon (1971) added a further
type Ic, characterized by the presence of a protein
antigen in strains most of which would otherwise
have been placed in type Ia (Lancefield, McCarty
and Everly, 1975).

American workers have reported differences in the
frequency of these types among strains from different
categories of infection. Franciosi et al. (1973), in
Colorado, reported that all of eleven isolates from
cases of late-onset neonatal meningitis belonged to
type III (Table 5). Baker and Barrett (1973 and 1974)
examined a larger series from Houston, Texas, and
observed a predominance of type III in both ‘late’
(93%;) and ‘early’ meningitis (80%;), and also in a
very small number (10024 of six) of ‘late’ septicaemic
cases. In an even larger collection from various parts
of the U.S.A. (Wilkinson, Facklam and Wortham,
1973), the percentage of type-III strains among
isolates from meningitis (nearly all in infants) was
somewhat lower (73%;). The proportion of type-III
strains among isolates from early septicaemic cases
in Houston, Texas, was only 41%;. Another feature
common to the American series, first commented
upon by Baker and Barrett (1973), was a marked
deficiency of type II among isolates from meningitis
in comparison with isolates from septicaemic disease.

It should be pointed out, however, that in an
earlier series of isolates from Holland (Butter and
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TaBLE 5. Distribution of serotypes among group-B streptococci* from groups of patients with systemic diseases in the U.S.A.
and Holland

Geographical area (authors)

Clinical character of group

No. of
isolates Percentage of isolates of serotypet
examined Ia Ib 11 11 NT

Colorado (Franciosi, Knostman and

Zimmerman, 1973) ‘Late’ neonatal meningitis 11 0 0 0 100 0
Houston, Texas (Baker and Barrett, 1974)  Meningitis (< 10 days) 15 20 0 0 80 0
Meningitis (> 10 days) 33 7 0 0 93 0
Septicaemia (< 10 days) 56 13 5 44 33 5
Septicaemia (> 10 days) 6 0 0 0 100 0
California (Anthony and Concepcion, 1975) Neonatal meningitis 6 0 0 0 100 0
Neonatal septicaemia 8 0 13 25 62 0
U.S.A. (Wilkinson, Facklam and Meningitis} 97 16 2 0 73 8
Wortham, 1973) Septicaemia} 103 22 4 16 41 17
Holland (Butter and de Moor, 1967) Neonates§ 26 76 4 0 19 0
Adults§ 23 70 13 4 4 9

* One isolate from each patient.
T Type Ic included in type Ia; NT, untypable.

I Meningitis: 94 from infants; septicaemia: ‘two-thirds’ from infants.

§ Neonates: 22 with meningitis; adults: 20 with septicaemia.

de Moor, 1967) an entirely different type distribution
had been observed. Type III was uncommon both in
neonatal meningitis and in septicaemic disease of
adults; some 75%; of all isolates in both categories
belonged to type Ia.

The present findings (Table 6) show trends similar
to those in the American series, but less extreme.
Thus, at all ages, type-III strains formed 50%; of
isolates from meningitis and 26%; from other septi-
caemic diseases; the corresponding figures for type
II were 5%; and 26%;. There was no evidence that age
affected type distribution, although the numbers in
some categories were rather small. Thus, the per-
centages of type-III strains were 53 (twenty-three of
forty-three) for neonatal meningitis and 50 (six of
twelve) for meningitis in older persons. The type
distribution in early neonatal septicaemic disease
and in septicaemia in older persons, nearly all of
whom were adults (see Table 3), was similar.

The type distribution in neonatal septicaemia
shows a general correspondence with that in isolates
from the female genital tract. Table 7 gives some
representative figures; the samples are probably too
small to justify detailed comparisons with type
distributions in neonatal disease in corresponding
geographical areas (Tables 5 and 6), but the rather
high percentage of type Ia among isolates from
Dutch women should be noted; unfortunately
information about the age of onset of the Dutch
cases of neonatal meningitis was not given. Franciosi
et al. (1973), who found a high proportion of type Ia
in the vagina, drew attention to the great clinical
severity of neonatal septicaemia due to this type.

The difference in type distribution in meningitic
and septicaemic disease in the U.S.A. has been
attributed to qualitative differences in the patho-
genicity of individual streptococcal strains; the
present findings give limited support to this view.

TaABLE 6. Distribution of serotypes among group-B streptococci* from patients with systemic disease received at the
Streptococcus Reference Laboratory, Colindale, 1970-75

No. of No. (and percentage) of serotypet

isolates
Category examined Ia Ib 11 111 NT and other
All systemic infections 130 33 25 17 48 7
Meningitis: all ages 60 11 (18) 14 (23) 3(5) 30 (50) 203)
Other systemic: all ages 70 22 (31) 11 (16) 14 (20) 18 (26) 50
Meningitis: all <6 weeks 43 9 8 1 23 2
Meningitis: <5 days 12 2 4 0 6 0
Meningitis: 6-14 days 7 2 1 1 2 1
Meningitis: 15 days—6 weeks 8 2 1 0 5 0
Meningitis: all > 6 weeks 12 0 5 1 6 0
Other systemic: <5 days 18 7 0 5 4 2
Other systemic: > 6 weeks 47 12 10 8 14 3

* One isolate from each patient.

1 Type Ic included in type Ia; NT, untypable; other, reaction with two antisera.
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TasLE 7. Distribution of serotypes among group-B streptococci isolated from healthy females

No. of Percentage of isolates of serotype*
isolates
Geographical area (authors) Sources of isolates examined Ia Ib 11 III NT or other
Colorado (Franciosi, Knostman and
Zimmerman, 1973) Vagina: parturient 45 40 9 15 29 7
Houston, Texas (Baker and Barrett, 1973)  Vagina: parturient 46 17 11 35 37 0
California (Anthony and Concepcion,
1975) Vagina: parturient 57 16 10 35 39 0
Holland (Butter and de Moor, 1967) Throat and nipple: 33 52 6 21 18 3
puerperal
Londont (Finch, French and
Phillips, 1976) Vaginat 115 11 12 22 40 15

* Type Ic included in type Ia; NT, untypable; other, reaction with two typing sera.

1 Typed at the Streptococcus Reference Laboratory, Colindale.

I Only seven from pregnant women.

Thus, some type-III strains might have an enhanced
ability to invade the meninges or to establish infec-
tion at a site from which the meninges are easily
invaded. Additionally, or alternatively, type-II
strains might lack this. But the differences in strain
character are clearly not absolute, and the Dutch
findings suggest that they are not invariably type-
associated.

Another suggestion is that early-onset infection
reflects contamination from a maternal source at
birth but that late-onset meningitis is a consequence
of subsequent contamination from some other
source. A necessary corollary would be that type-III
strains predominate in the alternate source. The
question of hospital spread of group-B streptococci
will be discussed later.

The source of infection for neonates

It has never been seriously thought that human
group-B streptococci are derived to a significant
extent from animal sources. Pattison, Matthews and
Maxted (1955) showed that there are considerable
differences in the frequency of individual type
antigens in human and bovine strains, and Butter
and de Moor (1967), by a combination of serotyping,
biochemical tests, and bacitracin-sensitivity tests,
showed that the human and bovine populations
exhibit almost no overlapping of characters.

Carriage in adults. Early observers found low carriage
rates in the female genital tract—few in excess of 5%/
and most considerably lower. The first report of a
high rate (12-4%;) was by Kexel and Beck (1965),
who used a selective plating medium and enrichment
culture. This rate was obtained, perhaps significantly,
from vulval swabs; the percentages for vaginal
swabs and cervical swabs were 9-5 and 6-7 respec-
tively. Other genital carriage rates are given in Table

8. These show wide variations, only some of which
are easily explicable by variations in technique. Thus,
the low rate (4-6%/) for parturient women in Colorado
was obtained on non-selective medium and without
enrichment culture, and the high rate (22-5%;) in
Houston, Texas, after enrichment in selective broth
containing gentamicin and nalidixic acid. The
moderately low rate (8:3%;) in Minnesota was from
direct culture on selective agar medium containing
colistin and nalidixic acid; in a small series in which
the Texan selective enrichment broth was also used,
the isolation rate was almost doubled. However,
Finch, French and Phillips (1976) obtained a carriage
rate of only 6-4%, in parturient women—admittedly
from the examination of high vaginal swabs—by the
use of a selective plating medium, and an enrichment
broth similar to the Texan medium. It is notable
that several groups of workers have observed con-
siderably higher carriage rates in various classes of
non-pregnant women, including female members of
the hospital staff, than in parturient women.

Vaginal carriage in late pregnancy appears to be
somewhat unstable. Ferreiri et al. (1977) found that
429, of women positive in labour had given negative
swabs when last seen in the antenatal clinic, and that
1994 of those positive in late pregnancy were nega-
tive in labour; yet, when the organism was isolated
on both occasions, it was almost invariably of the
same type. This finding, and the frequency with
which isolations are made only by enrichment
culture, suggest that in many women the vagina is
not the primary site of carriage.

Carriage in the upper respiratory tract has been
recognized for many years, but on the whole
appears to be less common than carriage in the
genital tract. Thus, Franciosi et al. (1973) found
5:2%; of throat carriers among females who had a
vaginal carriage rate of 13-0%{ (see also Baker and
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TABLE 8.

Frequency of isolation of group-B streptococci from the female genital tract

Percentage isolation rate

Pregnant women Non-pregnant women

Late pregnancy

in labour, Hospital Outside
Geographical area Authors puerperium staff hospital
West Germany Kexel and Beck (1965) 12-4 —_ —_
Colorado Franciosi, Knostman and Zimmerman (1973) 46 13-0 11-6
Houston, Texas Baker and Barrett (1973) 22-5 300 —
Minnesota Ferreiri, Cleary and Seeds (1977) 83 — —
Aberdeen Reid (1975) 4-5 — —
London Finch, French and Phillips (1976) 6-4 — 17-1% 36-0f
Sweden Wallin and Forsgren (1975) — - 20-6*1

* Includes urethral swabs.
+ Family-planning clinic.
1 Clinic for sexually transmitted diseases.

Barrett, 1973). There is little evidence that throat
carriers are of significance as sources of infection for
infants.

The importance of anal carriage appears, however,
to have been underestimated. Franciosi et al. (1973)
recorded an anal carriage rate of 16-8%{ in female
hospital staff. More recently, Badri et al. (1976)
observed in pregnant women a vaginal carrier rate of
10-2%9; and a rectal carrier rate of 17-9%; and of 142
women with group-B streptococci in the anal swab,
only sixty-one had a positive vaginal swab. They
suggest that the bowel is the main carriage site of the
organism; if this is confirmed, much vaginal ‘car-
riage’ may have to be looked upon as contamination,
and this will greatly influence our ideas about the
prevention of neonatal disease.

Colonization of infants. In general, early coloni-
zation of infants is with group-B streptococci of
types found in the mother’s vagina. Baker and
Barrett (1973) found that 729 of the infants of
vaginally positive mothers, and 129 of the infants
of mothers with negative vaginal swabs, yielded
group-B streptococci from one or more body sites
18 hours after delivery. When cultured at the time of
birth, over 50%; of all positive cultures from umbili-
cus, nose or ears yielded fifty or more colony-
forming units of group-B streptococci; the greatest
number of positive swabs was obtained from the
external auditory canals (Ferreiri et al., 1977). The
initial contamination rate in this series was 3-4%; of
all infants examined, but when nasal and umbilical
swabbing was repeated on the third day of life a
further 2-1%; of infants gave positive swabs. When a
group-B streptococcus had been isolated from the
mother, the early and late acquisitions by the infants
were almost invariably of strains of the same

type.

Infection from other sources. The possibility that
infants may acquire group-B streptococci from
sources other than the mother has been repeatedly
raised, but little evidence for this has so far been
obtained. Winterbauer, Fortuine and Eickhoff (1966)
described two cases of meningitis that occurred
within one week in a small hospital; the second child
was delivered by staff who were concurrently attend-
ing the first case of meningitis. Steere et al. (1975)
investigated three cases of meningitis due to type-IIT
organisms that had occurred within a period of 7
days, and produced some evidence that the infecting
strain might have spread among healthy infants in
the hospital. None of the mothers of the affected
infants yielded group-B streptococci, but the swabs
were taken several weeks after the incident. Of the
infants who had been present in the nursery during
the month in which the incident had occurred, 36%;
were carriers of group-B streptococci and 20%;
type-III organisms; in the following month, after
control measures had been instituted, the corre-
sponding carrier rates were 9%, and 2%;.

Adequate retrospective investigation of possible
hospital sources of late-onset infections is difficult to
perform. When the disease develops, the affected
infant and his contemporaries have usually left
hospital. Comprehensive bacteriological screening
of hospital staff may present practical difficulties. If
this is performed, numerous carriers are likely to be
found, but the present serological typing system is
not sufficiently discriminatory for effective studies of
sources and routes of infection. The paucity of
information about intra-hospital spread of group-B
streptococci must therefore not be taken as evidence
that this is unimportant.

Susceptibility to infection
The association of low birth weight with the risk of
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early septicaemic infection has already been men-
tioned. The possible relationship between the forma-
tion of hyaline membrane and the multiplication of
group-B streptococci in the lung has yet to be in-
vestigated fully (see Katzenstein ez al., 1976). Other
predisposing obstetric factors seem likely to act by
increasing the dose of the infecting organism or the
length of time the infant is in contact with it. No
predisposing factors for late-onset meningitis have
yet been identified.

Few of the infants who are contaminated with
group-B streptococci subsequently develop serious
disease. Estimates of that proportion vary between
1 in 20 and 1 in 100 according to the colonization
rate. It seems possible that maternally acquired
antibody may protect some infants against invasion.
Antibody against type-specific polysaccharide, and
against the protein antigen Ic, protects mice (Lance-
field er al., 1975) against lethal infection. In vitro
studies of the blood of parturient women reveal
several factors that might be concerned in defence
against the organism (Klesius et al., 1973 ; Mathews,
Klesius and Zimmerman, 1974). According to
Baker and Kasper (1976), the sera of women whose
infants suffered from invasive type-III infection were
devoid of antibody against this type but it was
present in the sera of vaginal carriers of type-III
organisms.

Possible preventive measures

Present information about the carriage of group-B
streptococci makes it unlikely that some of the
preventive measures being advocated would be
effective in preventing early-onset disease. If the
‘at-risk’ group could be detected by culture of the
vagina in late pregnancy, and this group is reasonably
small, antibiotic prophylaxis might be considered,
but in some areas it might be necessary to treat up to
25%; of all mothers. The vaginal swab in late preg-
nancy appears, however, to have a poor predictive
value for detecting at-risk infants. Furthermore,
there is little certainty that systemic antibiotic would
eliminate carriage, particularly if the primary source
is the bowel. It is unlikely that the detection and
prophylactic treatment of contaminated or colonized
infants could be performed quickly enough to pre-
vent early-onset disease; present evidence suggests
that systemic penicillin treatment seldom eliminates
carriage by infants (Steere et al., 1975; Paredes et al.,
1976).

If infection from the maternal source is to be
eliminated or minimized, therefore, it should be by
some measure that can be applied to all mothers; for
this purpose, antibiotic prophylaxis is certainly
unacceptable. The most logical approach would be
the local application of a bland but persistent chemi-
cal disinfectant that could be kept continuously in

contact with the vaginal wall for as long as possible
in labour. Comparative studies should therefore be
made of the effects of likely agents, in various formu-
lations, on the group-B streptococcal population of
the vagina during labour.

Not enough is yet known about the epidemiology
of late-onset disease for rational means for its
prevention to be suggested. Its relation to initial and
subsequent contamination with group-B streptococci
must be explored by large-scale prospective studies
in which infants are followed-up after they leave the
maternity hospital, and linked with similar studies of
possible intra-hospital sources of infection. If the
relation of late-onset disease of neonates to antibody
deficiency in the mother is confirmed, the possibility
of vaccination during pregnancy will have to be
investigated.

Other streptococcal infection in neonates

Sporadic cases and occasionally small outbreaks
of septicaemia and meningitis due to group-A
streptococci have been recognized for many years
but are now less common than formerly. Nyhan and
Fousek (1958) recorded sixteen group-A streptococci
among thirty-seven isolates from blood cultures of
neonates in 1933-43, but only five among sixty-nine
such isolates in 1944-57. The present author en-
countered only one in 1972-75 (Table 1). Infections
in infants may be associated with outbreaks of
puerperal sepsis or with symptomless vaginal
carriage in the mother, but both of these events are
unusual. Many group-A streptococcal infections of
neonates are almost symptomless; on a number of
occasions, widespread umbilical colonization in
nurseries has been revealed only when a serious
infection in an infant or an outbreak of puerperal
sepsis occurred (Gray, 1956; Kwantes and James,
1956; Boissard and Eton, 1956; Langewisch, 1956).
There is some evidence that the rarity of serious
group-A streptococcal disease among neonates is
attributable to the presence of maternally acquired
protective antibody (Zimmerman and Hill, 1969).
Occasional sporadic cases of pneumococcal septi-
caemia and meningitis occur, and in some of them
the source of infection is the mother’s vagina (see
Keitel et al., 1962).

Systemic enterococcal infections occasionally
occur, usually in neonates with serious underlying
disease or as a postoperative complication. Another
group-D streptococcus, the dextran-negative biotype
II of Strep. bovis, is not uncommonly found in blood
cultures of neonates. It formed 119 of the series of
isolates from newborn infants (Table 1), but was
rarely found in systemic diseases of older patients;
its presence was not associated with a distinctive
pattern of illness in the infants.



Neonatal streptococcal infections 605

Acknowledgments

I thank my colleagues, Dr W. R. Maxted, Miss Cherry
A. M. Fraser, Mrs Lyn C. Ball and Mrs Jacqueline Stringer
for information about cultures examined in the Streptococcus
Reference Laboratory.

References

AsLow, R.C., DriscoLL, S.G., EFFMaNN, E.L., GRross, 1.,
JoLLes, C.J., VAuy, R. & WARSHAW, J.B. (1976) A com-
parison of early-onset group B streptococcal neonatal
infection and the respiratory-distress syndrome of the
newborn. New England Journal of Medicine, 294, 65.

ANTHONY, B.F. & ConcepcioN, N.F. (1975) Group B
streptococcus in a general hospital. Journal of Infectious
Diseases, 132, 561.

BADRI, M.S., ZAWANEH, S., CruZ, A., BAER, H., SPELLACY,
W.N. & Avous, E.M. (1976) Rectal colonization with
group B streptococci. Pediatric Research, 10, 394.

BAKER, C.J. & BARRETT, F.F. (1973) Transmission of group
B streptococci among parturient women and their neonates.
Journal of Pediatrics, 83, 919.

BAKER, C.J. & BARRETT, F.F. (1974) Group B streptococcal
infections in infants: the importance of the various sero-
types. Journal of the American Medical Association, 230,
1158.

BAKER, C.J. & KASPER, D.L. (1976) Correlation of maternal
antibody deficiency with susceptibility to neonatal group B
streptococcal infection. New England Journal of Medicine,
294, 753.

BoissarD, J.M. & EToN, B. (1956) Neonatal umbilicus as a
source of streptococcal infections in a maternity unit.
British Medical Journal, 2, 574.

BRET, A.-J. & DuUrIEUX, R. (1965) Méningite A streptocoque
B du nouveau-né: diagnostic differential avec le pneumo-
coque. Revue Frangaise de Gynécologie et d’Obstétrique,
60, 785.

BrownN, J.H. (1939) Double-zone beta-hemolytic streptococci:
their cultural characteristics, serological grouping, occur-
rence, and pathologicalsignificance. Journal of Bacteriology,
37, 133.

ButTER, M.N.W. & DE MOoOR, C.E. (1967) Streptococcus
agalactiae as a cause of meningitis in the newborn, and of
septicaemia in adults: differentiation of human and bovine
varieties. Ant van L hoek Journal of Micro-
biology and Serology, 33, 439.

CANET, J., DURIEUX, R., PESNEL, G., FABRE, A., DEHAN, M.,
Dusos, J.P., BRET, A.J. & LAJOUANINE, P. (1967) Infection
néo-natale A streptocoque B: sa gravité et son mode de
transmission. Archives francaises de Pédiatrie, 24, 1045,

CoLEBROOK, L. & PurDIE, A.W. (1937) Treatment of 106
cases of puerperal fever by sulphanilamide (streptocide).
Lancet, ii, 1237.

DawsoN, M.H., HoBBy, G.L. & LipmMaN, M.O. (1944)
Penicillin sensitivity of strains of non-hemolytic strepto-
cocci isolated from cases of subacute bacterial endocarditis.
Proceedings of the Society of Experimental Biology and
Medicine, 56, 101.

DOLPHIN, A. & CRUICKSHANK, R. (1945) Penicillin therapy in
acute bacterial endocarditis. British Medical Journal, 1,
897.

EickHorF, T.C., KLEIN, J.O., DALy, A.K., INGALL, D. &
FINLAND, M. (1964) Neonatal sepsis and other infections
due to group B beta-hemolytic streptococci. New England
Journal of Medicine, 271, 1221.

ETIENNE, M., CurIONI, S. & LAPLANE, R. (1965) La gravité
des méningites bactériennes. Annales de Pédiatrie, 12, 421.

FERRERI, P., CLEARY, P.P. & SEEDs, A.E. (1977) Epidemio-
logy of group-B streptococcal carriage in pregnant women
and newborn infants. Journal of Medical Microbiology, 10,
103.

FiNcH, R.G., FRENCH, G.L. & PHILLIPs, 1. (1976) Group B
streptococci in the female genital tract. British Medical
Journal, 2, 1245.

Franciosi, R.A., KNosTMAN, J.D. & ZIMMERMAN, R.A.
(1973) Group B streptococcal neonatal and infant infec-
tions. Journal of Pediatrics, 82, 707.

FRry, R.M. (1938) Fatal infections by haemolytic streptococcus
group B. Lancet, i, 199.

GAUSTADT, V. (1942) En oversikt over de forskjellige sero-
logiske streptokokkgruppers betydning for menneske
patologien, belyst ved 2 tilfelle av streptokokksepsis
fremkalt av hemolytiske streptokokker tilhgrende hen-
holdsvis Lancefields gruppe B og H. Nordiske Medicin, 15,
2026.

GRAY, J.D.A. (1956) Outbreak of streptococcal infection in a
maternity unit. Lancet, ii, 132.

HarLL, W.H. (1965) Purpura fulminans with group B B-
hemolytic streptococcal endocarditis. Archives of Internal
Medicine, 116, 594.

HARPER, I.A. (1971) The importance of group B streptococci
as human pathogens in the British Isles. Journal of Clinical
Pathology, 24, 438.

HiLL, A.M. & BUTLER, H.M. (1940) Haemolytic streptococcal
infections following childbirth and abortion: clinical
features with special reference to infections with strepto-
cocci of groups other than A. Medical Journal of Australia,
1, 293

Hoob, M., JANNEY, A. & DAMERON, G. (1961) Beta hemo-
lytic streptococcus group B associated with problems of
the perinatal period. American Journal of Obstetrics and
Gynecology, 82, 809.

Howarbp, J.B. & McCRACKEN, G.H. Jr (1974) The spectrum
of group B streptococcal infections in infancy. American
Journal of Diseases of Children, 128, 815.

JonEes, H.E. & HoweLLs, C.H.L. (1968) Neonatal meningitis
due to Streptococcus agalactiae. Postgraduate Medical
Journal, 44, 549.

KAHLER, J. & AICHER, J. (1952) Der Galtstreptokokkus als
Erreger einer ulceropolyposen Endocarditis beim Men-
schen. Zentralblatt fiir allgemeine Pathologie und patholo-
gische Anatomie, 88, 312.

KATZENSTEIN, A.L., Davis, C. & BRAUDE, A. (1976) Pul-
monary changes in neonatal sepsis due to group B B-
hemolytic Streptococcus: relation to hyaline membrane
disease. Journal of Infectious Disease, 133, 430.

KerteL, H.G., HaNANIAN, J., TING, R., Price, L.N. &
RANDELL, E. (1962) Meningitis in the newborn infant:
report of 3 cases in whom the same organisms (pneumo-
cocci and group B streptococci) were recovered from the
spinal fluid and the maternal cervix. Journal of Pediatrics,
61, 39.

KEXEL, G. (1965) Uber das Vorkommen der B-Streptokokken
bei Menschen. Zeitschrift fiir Hygiene und Infektions-
krankheiten, medizinische Mikrobiologie, Immunologie und
Virologie, 151, 336.

KEexEL, G. & BEck, K.J. (1965) Untersuchen iiber die Haiifig-
keit der B-Streptokokken im Wochenbett. Geburtshilfe
und Frauenheilkunde, 25, 1078.

KEexEeL, G. & SCHONBAUM, S. (1965) Streptococcus agalactiae
als Erreger von Sauglingsmeningitiden. Deutsche medi-
zinische Wochenschrift, 90, 258.

Kviesius, P.H., ZIMMERMAN, R.A., MATHEWS, J.H. & KRU-
sHAK, D.H. (1973) Cellular and humoral immune response
to group B streptococci. Pediatrics, 83, 926.

KOLETZKY, S. (1941) A case of acute bacterial endocarditis
and septicemia during the puerperium. Ohio State Medical
Journal, 37, 866.

KVITTINGEN, J. (1968) Beta-haemolytic streptococcus group B
causing neonatal meningitis. Acta pathologica et micro-
biologica scandinavica, 74, 143.



606 M. T. Parker

KwANTES, W. & JaMmes, J.R.E. (1956) Haemolytic strepto-
cocci on the neonatal umbilicus. British Medical Journal, 2,
576.

LAFalx, C., DUvVAL, J., CAMERLYNCK, P., GUERIN, M. & REY,
M. (1968) Méningite néonatale A streptocoque B: 3 propos
de deux cas observés, & Dakar. Bulletin de la Société
Meédicale d’ Afrique Noire de Langue Frangaise, 13, 181.

LANCEFIELD, R.C. (1934) Serological differentiation of specific
types of bovine hemolytic streptococci (group B). Journal
of Experimental Medicine, 59, 441.

LANCEFIELD, R.C. (1938) Two serological types of group B
hemolytic streptococci with related, but not identical, type-
specific substance. Journal of Experimental Medicine, 67,
25.

LANCEFIELD, R.C. & HARE, R. (1935) Serological differentia-
tion of pathogenic and non-pathogenic strains of hemo-
lytic streptococci from parturient women. Journal of
Experimental Medicine, 61, 335.

LANCEfFIELD, R.C., McCartYy, M. & EvVerLY, W.N. (1975)
Multiple mouse-protective antibodies directed against
group B streptococci: special reference to antibodies
effective against protein antigens. Journal of Experimenial
Medicine, 142, 165.

LANGEWISCH, W.H. (1956) An epidemic of group A, type 1
streptococcal infections in newborn infants. Pediatrics, 18,
438.

LAzArus, J.M., SELLERs, D.P. & MARINE, W.M. (1965)
Meningitis due to the group B beta-hemolytic streptococcus.
New England Journal of Medicine, 272, 146.

LoEWE, L. & ALTURE-WEBER, E. (1946) The clinical mani-
festations of subacute bacterial endocarditis caused by
Streptococcus s.b.e. American Journal of Medicine, 1, 353.

MAHER, E. & IrwiN, R.C. (1966) Group B streptococcal
infection in infancy: a case report and review. Pediatrics,
38, 659.

MANNIK, M., BARINGER, J.R. & StokEs, J. III. (1962)
Infections due to group B beta-hemolytic streptococci:
repoit of three cases and review of the literature. New
England Journal of Medicine, 266, 912.

MATHEWS, J.H., KLEsius, P.H. & ZiMMERMAN, R.A. (1974)
Opsonin system of the group B streptococcus. Infection and
Immunity, 10, 1315.

MOoR, C.E. DE (1960) De humane en de boviene Streptococcus
agalactiae. Verslagen en Medelingen betreffende de Volks-
gezonheid, p. 8.

NyYHAN, W.L. & Fousek, M. (1958) Septicemia in the new-
born. Pediatrics, 22, 268.

PAREDES, A., WONG, P., MasoN, E.O. & Yow, M.D. (1976)
Failure of penicillin to eradicate the carrier state in group B
streptococci. Clinical Research, 27, 71.

PARKER, M.T. & BaLL, L.C. (1976) Streptococci and aero-
cocci associated with systemic infection in man. Jeurnal of
Medical Microbiology, 9, 275.

PaTTIsoN, I.H., MATTHEWS, P.R.J. & MAXTED, W.R. (1955)
Type classification by Lancefield’s precipitin method of
human and bovine group-B streptococci isolated in
Britain. Journal of Pathology and Bacteriology, 69, 43.

QUIRANTE, J. & CassaDy, G. (1972) Group B beta-hemolytic
streptococcal sepsis in the newborn. Clinical Research, 20,
104.

QUIRANTE, J., CEBALLOS, R. & Cassapy, G. (1974) Group B
B-hemolytic streptococcal infection of the newborn. I.
Early onset infection. American Journal of Diseases of
Children, 128, 659.

Ramsay, A.M. & GIiLLEsPIE, M. (1941) Puerperal infection
associated with haemolytic streptococci other than
Lancefield’s group A. Journal of Obstetrics and Gynaecology
of the British Empire, 48, 569.

RANTZ, L.A. (1942) Four cases treated with sulphonamides
in which the etiological agent was an unusual strepto-
coccus. Annals of Internal Medicine, 16, 716.

RaNTZ, L.A. & KEEFER, C.S. (1941) The distribution of
hemolytic streptococci groups A, B and C in human
infections. Journal of Infectious Diseases, 68, 128.

RANTZ, L.A. & KrRBY, W.M.M. (1942) Hemolytic strepto-
coccus bacteremia: report of 13 cases with special reference
to serologic groups of etiologic organisms. New England
Journal of Medicine, 227, 730.

ReID, T.M.S. (1975) Emergence of group B streptococci in
obstetric and perinatal infections. British Medical Journal,
2, 533.

REINARZ, J.A. & SANFORD, J.P. (1965) Human infections
caused by non-group A or D streptococci. Medicine, 44, 81.

ROEMER, G.B. & GRrOUN, L. (1949) Prizipitine im Patient-
serum bei Streptokokken-infektionen. Zentralblatt fiir
Bakteriologie, Parasitenkunde, Infektionskrankheiten und
Hygiene, 1 Abteilung: Originale, 154, 206.

ROSENTHAL, A.H. & STONE, F.M. (1940) Puerperal infecton
with vegetative endocarditis: report of sulphanilamide
therapy in two fatal cases due to Streptococcus haemolyti-
cus groups B and C. Journal of the American Medical
Association, 114, 840.

SICHERMAN, M. (1965) Septicemia due to group B strepto-
cocci: report of two siblings presenting with lesions
resembling erythema nodosum. Pediatrics, 36, 937.

STEERE, A.C., ARBER, R.C., WARFORD, L.R., MURPHY, K.E.,
FEELEY, J.C., HAYEs, P.S., WILKINSON, H.W. & FACKLAM,
R.R. (1975) Possible nosocomial transmission of group B
streptococci in a newborn nursery. Journal of Pediatrics,
87, 784.

Tort, H. & JESPERSEN, C.S. (1968) Meningitis forarsaget af
gruppe B B-haemolytiske streptococci. Nordisk Medicin,
80, 1401.

WaHL, R., Caveux, P. & DERrLoT, E. (1962) Méningites du
nouveau-né et du nourisson a streptocoques du groupe B.
Pathologie et Biologie, 10, 985.

WALLIN, J. & FORsGREN, A. (1975) Group B streptococci in
venereal disease clinic patients. British Journal of Venereal
Diseases, 51, 401.

WHELLER, S.M. & FoLEy, G.E. (1943) A note on non-group-
A streptococci associated with human infection. Journal of
Bacteriology, 46, 391.

WiLkiNsoN, H.W. & EaGoN, R.G. (1971) Type-specific
antigens of group B type Ic streptococci. Infection and
Immunity, 4, 596.

WILKINSON, H.W., FAckLAM, R.R. & WoRTHAM, E.C. (1963)
Distribution by serological type of group B streptococci
isolated from a variety of clinical material over a five-year
period (with special reference to neonatal sepsis and
meningitis). Infection and Immunity, 8, 228.

WINTERBAUER, R.H., FORTUINE, R. & EIckHOFF, T.C. (1966)
Unusual occurrence of neonatal meningitis due to group B
beta-hemolytic streptococci. Pediatrics, 38, 661.

ZIMMERMAN, R.A. & HiLt, H.R. (1969) Placental transfer of
g;ou.é%g A streptococcal type-specific antibody. Pediatrics,

y X



