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Cord blood and breast-milk antibodies in neonatal
rotavirus infection

BARBARA M TOTTERDELL, I L CHRYSTIE, J E BANATVALA

Summary and conclusions

Studies were carried out during an outbreak of rotavirus
type 2 infection in a neonatal nursery to determine the
protective role of antibodies in cord blood and breast
milk. The range, distribution, and geometric mean titres
of rotavirus-specific antibody in the cord blood were
similar among rotavirus-positive and rotavirus-negative
neonates, and the amount of virus excreted did not
correlate with antibody levels. Despite the protective
effect of breast feeding, the pattern of rotavirus-specific
IgA and IgG antibodies in the expressed breast milk of
mothers of babies who were rotavirus excreters and
non-excreters was similar. Nevertheless, a higher pro-
portion of expressed breast milk samples contained
rotavirus-specific IgA group 2 (92%) and type 2 (97%)
specific antibodies than type 1 (67%) antibodies, and the
geometric mean titres of group 2 and type 2 specific
antibodies were tenfold higher than type 1 antibodies.
Among breast-fed babies who excreted rotavirus there
was no correlation between type 2 rotavirus-specific IgA
antibodies in expressed breast milk and the amount of
neonatal virus excretion. These studies suggest that
factors other than the rotavirus antibodies in expressed
breast milk are of importance in preventing rotavirus
infection in newborn infants.
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Patients and methods

From 1 May 1976 to 14 May 1977 rotavirus type 27 was endemic
in the newborn nurseries at St Thomas's Hospital, being detected by
electron microscopy in the stools of 343 out of 1056 (33o0) 5-day-old
babies examined.8 Cord blood samples had been collected at delivery
from 112 of the 1056 babies, allowed to separate, and the sera stored
at -20C until tested.

Expressed breast milk was collected five days postpartum from 26
mothers whose babies were excreting rotavirus and 34 mothers
whose babies were rotavirus free. Each set contained both
mothers who were breast feeding and mothers who were bottle
feeding. Expressed breast milk was also collected every two weeks
for up to 85 weeks from 11 mothers in both sets who co-operated in
the follow-up studies. Milk was also collected from 25 mothers in
October 1979, when rotavirus infection had ceased to be endemic in
the newborn nurseries. The samples of milk were centrifuged for 10
minutes at 2000g, the pellet of cells and the upper lipid layer dis-
carded, and the middle layer recentrifuged at 4500 g for 30 minutes.
The middle layer was again collected and stored at -70 C until
tested. Enzyme-linked immunosorbent assay for rotavirus-group-
specific IgG and IgA was performed as described by Yolken et al9
using goat antirotavirus serum and calf rotavirus, conjugates being
obtained from Don Whitley Ltd (anti-human IgG) and Orion Ltd
(anti-human IgA). Enzyme-linked immunosorbent assay to detect
antibodies to human rotavirus types 1 and 2 was performed using
rabbit antihuman rotavirus type-specific sera and human rotavirus
types 1 and 2.1"

Introduction

Rotaviruses have a worldwide distribution and are the
commonest cause of acute non-bacterial gastroenteritis in the
young of many animal species.' Although studies on children
admitted to hospital suggest that infection occurs most often
between the ages of 6 months and 3 years,2 outbreaks of rota-
virus infection in nurseries for the newborn have also been
described.3 In contrast with findings among older infants and
children, however, infection in the newborn is generally mild
or asymptomatic and breast feeding appears to play a protective
role.4

It has also been suggested that the human neonate may be
protected by maternal antibody during the first few months of
life, since newborn calves, which do not acquire maternal
antibody transplacentally, experience severe and often fatal
rotavirus infection.5 Although in-vitro studies suggest that many
factors in breast milk may be important in protecting infants
from viral infections,6 it has been difficult to determine the
efficacy of these factors in vivo. The occurrence of rotavirus
epidemics in the relatively closed environment of the neonatal
nursery provides an ideal opportunity to examine the importance
of components of breast milk in protection against virus diseases.
We report here the results of studies to determine the role of
antibodies in cord blood and breast milk in protecting newborn
infants from infection by rotaviruses.
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Results

Fig 1 shows that the range, distribution, and geometric mean titre of
rotavirus type 2 specific IgG antibodies in cord blood did not differ
between babies who excreted rotaviruses and those who did not.
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FIG 1-Relation between rotavirus type 2 specific IgG antibodies in cord
blood among rotavirus-positive and rotavirus-negative babies.

Furthermore, when the amount of virus excreted was estimated by
electron microscopy on 15 rotavirus-positive babies, there was no
correlation between the amount excreted and cord-blood rotavirus
antibody titres. Thus, some infants with high rotavirus-specific IgG
levels in their cord blood (-:? 1/1000) excreted large amounts of virus
(> 1010 particles/g faeces), whereas others excreted much smaller
amounts (< 106 particles/g faeces). Fig 2 shows the pattem of group-
specific rotavirus IgA antibody titres in the breast milk of mothers
who were followed until I.ctation stopped. The pattem was similar in
the mothers of rotavirus excreters and non-excreters. One of the 11
mothers followed throughout lactation showed no rotavirus group-
specific IgA antibodies, but in the rest the antibodies persisted
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FIG 2-Persistence of rotavirus group-specific IgA antibodies in breast milk among mothers of rotavirus-positive and rotavirus-negative babies.

throughout the duration of lactation, which in one mother extended
to 85 weeks.
The mother in this group who had no antibodies in her milk was

one of only three mothers in the study who showed no rotavirus
group-specific IgA antibodies. She was particularly anxious to breast
feed, but her infant developed rotavirus-induced diarrhoea in the
43rd week of lactation and she developed it 48 hours later. A breast
milk sample collected nine days after this episode showed a sharp
increase in rotavirus-specific IgA antibody, which was accompanied
by a significant increase in the mother's serum rotavirus-specific
IgG antibody titre. The mother was disappointed that breast feeding
did not protect the infant from gastroenteritis and therefore stopped
breast feeding. It could not, however, then have been appreciated
that she was one of the few who had no detectable rotavirus immunity.

Fig 3 compares the rotavirus group- and type-specific IgA anti-
bodies in breast milk samples obtained on the fifth day of lactation
among the two sets of mothers. Most mothers had group-specific
(92%) or type 2 specific (970° ) antibodies, but a lower proportion
(670//o) had type 1 antibodies. Furthermore, the geometric mean
titres of group and type 2 antibodies were about 10 times greater
than those of type 1 antibodies. There were, however, no differences
in the range, distribution, and geometric mean titres of rotavirus-
specific IgA antibodies in the breast milk of the mothers of both sets.
When the 25 samples of milk collected when rotaviruses were not
present in the newborn nurseries were tested in parallel with samples
collected during the 1976-7 epidemic for rotavirus type 2 specific
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FIG 3-Relationship between rotavirus type- and group-specific IgA anti-
bodies in breast milk and rotavirus excretion.

antibodies, no significant differences were detected in the range and
geometric mean titres of the two groups.

Since rotavirus-specific IgG antibodies in breast milk might play a

protective role, breast milk samples were also tested for rotavirus
type 2 specific IgG antibodies. Of 42 samples tested, only 17 (44%O)
had detectable IgG antibodies. There was, however, no difference in
the pattern of rotavirus IgG antibodies among rotavirus excreters
and non-excreters, the geometric mean titres being 10-75 and 1514
respectively. Among 15 out of 17 babies who excreted rotavirus, there
was no correlation between the levels of type 2 rotavirus specific
IgA antibodies in their mothers' milk and the amount of virus
excreted (fig 4).
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FIG 4-Relation between rotavirus type 2 specific IgA in breast milk and
amount of rotavirus excreted by babies.

Discussion

Our studies suggest that passively acquired maternal serum

antibodies do not protect the neonate against rotavirus infection,
and this agrees with findings that parentally administered
rotavirus antibody fails to protect newborn lambs from rota-
virus-induced enteritis, although- partial protection is achieved
if hyperimmune serum is used, perhaps because antibodies are

transferred from the circulation to the gut lumen.11 Furthermore,
prospective family studies have shown that protection among
adults does not correlate with serum antibody levels.12 Intestinal
secretory antibody responses may be important in preventing
reinfection, but we do not know whether rotavirus infection
induces serum or local secretory immune responses in newborn
infants.
We have previously shown that the rotavirus strain circulating

in our nurseries was the same type as that causing symptomatic
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enteritis in nearby children's wards8; the reasons for the mild
or asymptomatic infections among neonates remains unsolved.
We have also shown that breast-fed babies are less often infected
by rotavirus and, when infected, excrete less virus than formula-
fed babies, 8 but our present studies suggest that it is not
rotavirus-specific IgA or IgG that protects. Perhaps neutralising
antibodies rather than antibodies detected by enzyme-linked
immunosorbent assay might correlate with protection, but
Thouless et al13 showed that these could not be detected-after
the fifth day of lactation although some non-specific antiviral
activity was present. This finding may merely reflect the relative
insensitivity of the available neutralisation test to detect anti-
bodies to human rotavirus strains. We are therefore currently
attempting to enhance the sensitivity of this test, and pre-
liminary studies appear encouraging.

Breast milk is rich in cellular components, including macro-
phages, particularly during early lactation,14 and cell-mediated
immunity, including antibody-dependent cytotoxic responses,'5
may be important in protecting breast-fed infants from some
virus infections of the enteric tract. Alternatively, the non-
antibody, non-interferon macromolecular constituent recently
detected in breast milk, which has a wide spectrum of antiviral
activity, may be of importance.'6
Cukor et al,7 using radioimmunoassay tests, and Yolken

et al,'8 using enzyme-linked immunosorbent assays, also
showed that rotavirus antibodies persisted throughout lactation.
Our findings, showing a greater prevalence and higher geometric
mean titres of rotavirus type 2 specific antibodies, are in contrast
with those of Yolken et al,18 who found that an almost equal
proportion of women from the USA, Bangladesh, Guatemala,
and Costa Rica had types 1 and 2 antibodies in expressed breast
milk at equivalent levels. We have typed rotavirus strains
obtained from patients with acute diarrhoeal disease at St
Thomas's Hospital and other hospitals in London since 1975
but have encountered comparatively few type 1 strains. The
population we have studied may therefore have had little recent
experience of rotavirus type 1 and thus had lower antibody titres.
It is unlikely that the heavy contamination of the environment
of the newborn nurseries with type 2 rotavirus during 1976-7
produced high rotavirus type 2 antibody titres in breast milk
by stimulating sensitised maternal immunocompetent lympho-
cytes in the gut to migrate to the mammary glands and secrete
rotavirus immunoglobulins, for the patterns of type 2 antibody
titres in breast milk collected during periods of rotavirus
prevalence and absence were similar. Perhaps the difference
between type 1 and type 2 antibodies in breast milk may
reflect only the fact that the type 1 virus incorporated in the
test system was of reduced antigenicity or avidity.
Although there can be no question that breast feeding protects

infants against many infections6 and is of unquestionable
benefit, particularly in developing countries, our studies

suggest that it might be profitable to examine in detail which of
the components of breast milk afford specific protection against
viral infections.
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ONE HUNDRED YEARS AGO SIR,-Permit me, in a few
words, to draw attention to the additional facilities afforded in aid
of diagnosis in certain cases by an inspection of the key-hole face of
the watch. The winding up of this useful article is usually performed
last thing at night, and a certain amount of calm adaptive power is
required for the proper performance of that function, without scarring
and marking of the key-hole face. It is evident, therefore, that we
may here observe indications as to the general steadiness or otherwise
of the hand at this crucial period, as, also, that the abnormal markings
and scarrings will be in proportion to the existence and continuance of
habits of alcoholic intemperance, which may give rise to such un-
steadiness. Few they are, let us hope, who indulge in alcoholic excess
to such an extent as to neglect altogether this important function,
and to retire to bed oblivious or careless with regard to it; but it is
to be feared that not a few, though scorning the idea of being unable
to wind up their watches, nevertheless persist in doing so under
difficulties due to over-indulgence in alcoholic drinks, which are
very apt to leave distinct traces not easily effaced. Of course, such
scarrings and marking may be due to other causes; but these, as a

rule, will be self-evident, whilst other sources thereof may not be
admitted, or may, indeed, be denied. I am therefore of opinion that,
considering the difficulties we sometimes have in getting at the truth
in such matters, it is desirable that no additional available source of
information should be neglected, and I consider that valuable
corroborative evidence at least is to be obtained from such a source.
In the circumstances, I beg leave, therefore, to suggest the regular
resort to such an aid to diagnosis where it may be considered necessary
or advisable, leaving it to individual discretion to obtain the informa-
tion thereby afforded in such a manner as not to rouse the suspicion
of a patient unwilling to admit alcoholic excess. I may add that I have
verified, to a certain extent, the results that I should expect, by such
means of diagnosis, by the examination of a number of watches of
teetotallers and notably temperate men, the key-hole faces of whose
watches I found to be smooth and unscarred, whilst among a number
of watches examined belonging to those of suspected or notorious
habits with regard to alcohol in excess I found more or less scarring
and scratching of the key-hole face.-JWB. (British Medical Journal,
1880.)
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