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Few studies have focused on the risk to the fetus from
passive smoke. One study found that perinatal mortality was
higher in the children of fathers who were heavy smokers
than in the children of non-smoking fathers.21 In a study of
the relation between passive smoking and birth-weight1O
passive smoking was defmed as exposure to another person’s
cigarette smoke for at least 2 h each day during pregnancy
either in the home or at work. About a quarter (23 -6 %) of the
women in the study had not smoked during pregnancy but
were exposed to passive smoke. Among these, exposure was
significantly related to having a low-birth-weight baby
(<2500 g). The relation was seen only in full-term (37
weeks) babies. The relative risk of having a low-birthweight child for exposed women compared with unexposed
women was 217 (95%, confidence limits = 1 -05,4 50) after
adjustment for confounding factors. Babies delivered to
mothers exposed to passive smoke were an average of 24 g
lighter than those delivered to unexposed mothers.
Since the only information on smoking and drinking in
other household members came from the mothers’ reports,
we considered the possibility that our fmdings were
distorted by biased reporting. For example, smoking
mothers might have had a tendency to exaggerate their
reports of tobacco use by other family members. In this case,
low birth-weight due to maternal smoking would appear to
be the result of tobacco use by other family members. We do
not believe that such a distortion is present in our data since
the effect is not seen in relation to alcohol use.
Mothers might also under-report their own tobacco use
but report fully that of other family members. In this case
under-reporting of alcohol consumption would also be
expected; yet a large proportion (70%) of the mothers in our
study reported alcohol consumption during pregnancy.
Another study of pregnant Danish women reported a
similarly high percentage (77%) of drinkers.22 That the
women in our study generally gave accurate reports of
tobacco use also is suggested by the close agreement of our
findings with those of other studies.2,15
Although we were able, with our model, to explain only
14% of the variance in birth-weight, our fmdings are not
very different from the 17% variance found by Dougherty
and Jones.1s They used similar variables in their model but
did not include father’s or household smoking. The
differences in the models may also be partly due to the
omission of maternal and paternal height in our model.
We examined paternal smoking as both a continuous and
a discrete variable. Both showed a significant effect of
paternal smoking on birth-weight while controlling for the
effect of maternal smoking. Although the paternal effect was
less than the maternal effect these results suggest that, in
addition to direct exposure to smoke from the mother,
indirect or passive exposure to smoke from the father may
result in an independent effect on birth-weight.
Dr Rubin was the recipient of a Fulbright Fellowship. This study was
supported in part by the Dr Louises Borne hospitals Forskningsfond. We
thank Mrs Jytte Purtoft and Mrs Liz Krogh for technical help, Prof Henrik
Spiild, Prof Bjarne Nielsen, and Prof Thorkild Nielsen of the Institute for
Mathematical Statistics and Operations Research at the Danish Technical
University, and Dr Marsden Wagner and Mrs Elizabeth Helsing of the
World Health Organisation, Regional Office for Europe, for their help with
the project. We also thank Mr Jonathon Logan, Dr Ruth Stein, Dr Polly
Bijur, and Mr Mathew Kurzon for their advice, and Miss Catherine Carroll
for typing the manuscript.
Correspondence should be addressed to D. H. R., Division of Ambulatory
Care, Department of Pediatrics, Bronx Municipal Hospital Center/B South
19, Pelham Parkway South and Eastchester Road, Bronx, New York 10461,
USA.

PROTECTIVE EFFECT OF NATURALLY
ACQUIRED HOMOTYPIC AND HETEROTYPIC
ROTAVIRUS ANTIBODIES
SHUNZO CHIBA1

SHUJI NAKATA1
TOMOKO URASAWA2
SHOZO URASAWA2

TAKASHI YOKOYAMA1
YASUYUKI MORITA1
KOKI TANIGUCHI2
TOORU NAKAO1

Departments of Paediatrics1 and Hygiene and Epidemiology,2
Sapporo Medical College, Sapporo, Hokkaido, Japan
To assess serotype specificity of immune
resistance to rotavirus gastroenteritis, the
relation between pre-existing neutralising antibodies to
homotypic and heterotypic rotaviruses and protection
against infection or clinical illness was investigated. The
subjects were 44 orphans exposed once or twice to
consecutive outbreaks of gastroenteritis due to type 3
rotavirus in an orphanage in Sapporo. Sera were collected
throughout these outbreaks and the serum levels of
neutralising antibodies against four different serotypes of
group A human rotavirus were measured before and after
the outbreaks. Protection against rotavirus gastroenteritis
seemed to be serotype specific and to be related to levels of
antibody against homotypic virus. A neutralising antibody
level of 1/128 or greater seemed to be protective. The
protective effect was of short duration, which was probably
the explanation for recurrent attacks of gastroenteritis due to
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rotavirus of the same serotype. Seroconversions or
concomitant antibody responses to type 1 or 4 rotavirus in
most children with type 3 rotavirus infection suggested that
immunity to heterotypic virus can be induced by a rotavirus
vaccine.
a

(type 4).6
Results

Relation between Pre-existing Homotypic Antibody Levels
and Protection against Infection or Clinical Illness
children who were seronegative or who had
of 1/32 or below acquired the infection or fell
titres
antibody
ill, whereas few of those with antibody titres of 1/64 or more
did so; and all but 1 of the 23 children with antibody titres of
1/128 or greater remained well (table I).
Fig 1 shows the relation between level of herd immunity
and scale of outbreak. In the March, 1982, outbreak, when
most children had antibody titres of 1/64 or below, many
had diarrhoea, whereas in the October, 1982, outbreak,
when most children had antibody titres of 1/64 or greater,
the illness occurred mainly among the few with low
antibody levels.
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Introduction
ROTA VIRUS vaccines are being developed’-3 because
rotaviruses are a major cause of severe diarrhoea of infants
and young children everywhere and diarrhoeal diseases are a
leading cause of infant mortality in developing countries.4
However, several questions must be answered before an
effective strategy for immunisation can be developed. Two
of the most important questions are how long homotypic
immunity remains effective in preventing reinfection and
clinical illness, and whether heterotypic cross-protection
occurs.

During a longitudinal survey of diarrhoeal diseases in an
orphanage, there have been three outbreaks of
gastroenteritis due to type 3 rotavirus. We report here on the
relation between pre-existing homotypic and heterotypic
antibody levels and resistance to infection or clinical illness
caused by type 3 rotavirus.
Subjects and Methods

Subjects

,

and Hochi strain

Protection against Reinfection
the Same Serotype (Type 3)

or

Illness after Re-exposure to

3 of the 19 children who had gastroenteritis during the
first outbreak were re-exposed to infection during the
second outbreak 13 months later; the other 16 had left the
orphanage. All 3 were reinfected, as shown by their antibody
response or faecal shedding of virus (table II). In 1 of them
(patient 1) the infection was subclinical.

Outbreaks of rotavirus gastroenteritis occurred at the Hokkaido
Central Infant Home, in February, 1981, March, 1982, and
October, 1982. During these outbreaks there were 39-45 healthy
orphans aged 1-24 months housed in four rooms according to age.
All shared a play room. 19 (46%) out of 41 children had diarrhoea
during the first outbreak, 25 (62%) of 39 during the second, and 10
(22%) of 45 during the third. 29 orphans were exposed to both 2nd
and 3rd outbreaks; 14 of the 29 orphans had diarrhoea during the
2nd outbreak. Faeces were examined for rotavirus by electron
microscopy (EM). Out of 36 specimens collected 23 (64%) were
rotavirus positive by EM-6, 8, and 9 in the first, second, and third
outbreak, respectively. No other virus or virus-like particles were
detected. Three isolates, one from each of the three outbreaks, could
be successfully propagated in roller tube cultures of MA104 cells;
they were identified as subgroup 2 and serotype 3 rotavirus.

Serum

Specimens

of pre and post outbreak sera were obtained from 32 of the
39 orphans exposed to the second outbreak, and from 29 of the 45
exposed to the third. Thus, 61 paired samples were obtained from
44 orphans (17 of whom were exposed to both outbreaks). All 61
"post" sera were collected one month after an outbreak. 32 "pre"
sera were collected by chance a week before the 2nd outbreak. 29 pre
sera were collected a month before the 3rd outbreak (as post sera for
adenoviral gastroenteritis which occurred in July, 1982). Serum
specimens were kept at 20&deg;C until tested.
Pairs

Fig 1-Relation between the herd immunity and the

scale of

outbreaks.

- patients; subdclinically infected; uninfected.
TABLE I-RELATION BETWEEN PRE-EXISTING NEUTRALISING

ANTIBODY TITRES TO TYPE

3 VIRUS AND INFECTION OR CLINICAL

ILLNESS DURING THE OUTBREAKS OF TYPE

3 ROTAVIRUS

GASTROENTERITIS

Serology
The paired pre and post outbreak sera were tested for neutralising
antibody titres against the four recognised serotypes of human
rotavirus by the use of fluorescent-focus reduction assay.s Viruses
used as antigens were KU strain (type 1), S2 strain (type 2), MK
strain (type 3, the current strain derived from the second outbreak),
TABLE II-RECURRENCE OF INFECTION AND CLINICAL ILLNESS IN

3 CHILDREN EXPOSED TO 1 ST AND 2ND OUTBREAKS OF

GASTROENTERITIS DUE TO TYPE 3 ROTAVIRUS
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TABLE III-RECURRENCE OF INFECTION AND CLINICAL ILLNESS IN

14

CHILDREN EXPOSED TO 2ND AND

GASTROENTERITIS DUE TO TYPE

3RD OUTBREAKS OF

3 ROTAVIRUS

2-Correlation between pre-existing neutralising antibody
titres to heterotypic viruses and infection or clinical illness during
the outbreaks of type 3 rotavirus gastroenteritis.

Fig

patients;

subclinically infected;

uninfected.

14 of the 25 children with gastroenteritis during the
second outbreak were re-exposed to the third outbreak 7
months later. All 14 infants still had high antibody levels
(1/128) and were protected against clinical illness, although
4 of them probably had a subclinical reinfection, as
suggested by their antibody response (table III).

Fig 3-Homotypic (type 3) and heterotypic (types 1, 2, or 4) preexisting neutralising antibody titres in relation to infection or
clinical illness during outbreaks of type 3 rotavirus
gastroenteritis.
.patients; A subctinically infected; Ouninfected.

Influence of Pre-existing Neutralising Antibody Levels to
Heterotypic Viruses on Infection or Clinical Illness due to
Type 3 Rotavirus
Higher titres of antibody to type 1 or 4 virus seemed to be

associated with low attack rates, although the correlation was
less clear-cut than the association found for homotypic
antibody titres (fig 2). There was no correlation between
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1/128 against homotypic virus (fig 4a). All but 1 of the
children seronegative for type 1 or 4 also acquired antibodies
against these heterotypic viruses, although the antibody
responses were weaker than the homotypic response and the
titres ranged from 1/32 to 1/128 (fig 4b and c). Thus, in
children infected with type 3 virus concomitant increases in
titres of antibody to type 1 occurred in 77% (34/44), to type
4 in 62% (26/42), but to type 2 in only 23% (10/44).
Discussion

Fig 4-Neutralising antibody against (a) type 3, (b) type 1, and (c)
type 4 virus before and after exposure

to

the outbreaks of type 3

rotavirus gastroenteritis.

.infected;

Ouninfected.

2 titres and rates of infection or illness. No
correlation occurred between anti-type 2 and anti-type 3
titres, and protection against infection or illness depended
exclusively on the anti-type 3 titres (fig 3b). A certain degree
of correlation was found between anti-type 3 and anti-type 1
or 4 titres (figs 3a and c). However, children with high
anti-type 1 or 4 titres but low anti-type 3 titres were not
protected against illness. In contrast, high anti-type 3 titres
protected against illness irrespective of the level of anti-type
1 or 4 titres.

anti-type

Heterotypic Antibody Responses Induced by Infections with
Type 3 Rotavirus
Most infected infants acquired antibody levels of over

Although studies in laboratory animals7 have revealed
that antibody produced locally in the intestine is more likely
than serum antibody to be of primary importance in
resistance to rotavirus illness, the relation of intestinal
immunity to protection against illness in man is not yet clear.
However, the presence of pre-existing serum antibodies
seems to correlate with protection against diarrhoeal illness
due to rotavirus8-10 and calicivirus.1’ In previous studies the
serotype of the reinfecting rotavirus has not usually been
established, so some questions about natural immunity
against rotavirus gastroenteritis have not been answered.
Does homotypic immunity prevent reinfection and
resulting clinical illness? If so, for how long? Does
cross-protection against heterotypic rotaviruses develop
after infection with one rotavirus strain? Answers to these
questions should help greatly in the development of an
effective strategy for immunisation against rotavirus
gastroenteritis. The newer techniques for direct propagation
of human rotaviruses in cell cultures enable recovery of
rotaviruses from patients with gastroenteritis and
determination of the serotype of each isolate.12-14 We were
able to propagate rotavirus isolates derived from the three
outbreaks in cell cultures and to identify them as type 3
virus, and from there to analyse immune resistance to
rotavirus gastroenteritis in relation to serotype specificity.
Our findings clearly indicate a good correlation between
pre-existing titres of neutralising homotypic antibody and
protection against rotavirus illness. On the basis of the data
shown in table I antibody titres of 1/128 or greater seem to be
protective. A titre of 1/128 of neutralising antibodies will be
a useful yardstick for monitoring the immune resistance to
rotavirus gastroenteritis. The likelihood that this level of
antibody prevents rotavirus illness is further supported by
the two following observations. First, the difference in the
scale of outbreaks could be clearly explained by the
difference in level of herd immunity (fig 1). Secondly,
frequency of reinfection and clinical illness in children
re-exposed to a further outbreak of type 3 rotavirus
gastroenteritis was low among children with antibody titres
of 1/128 or greater, whereas children with lower levels of
antibodies were not protected against reinfection or illness
(tables II and III). To our knowledge, this is the first time
that evidence has been obtained for recurrence of attacks of
gastroenteritis caused by the same serotype of rotavirus. Our
findings also indicate that homotypic immunity is short
lasting-it may last for half a year but not beyond a year.
However, the results have to be interpreted with caution,
since the subjects in the study were unique in terms of being
members of a closed community. The duration of effective
homotypic immunity might well be influenced by
epidemiological factors. Frequent exposure to homotypic or
heterotypic viruses may result in subclinical reinfection,
which contributes to the maintenance of effective immunity
by boosting antibody responses.
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Several observations have indicated the heterotypic
nature of the immune response to rotavirus infection. 8,15,16
Others have also supported the possibility of crossprotection between two antigenically distinct viruses,
although there is still controversy over this topic. For
example, on the basis of a human volunteer study Kapikian
et al8 suggested that cross-protection could occur. Bishop et
al17 reported that neonatal rotaviral infection protected
against severe illness during re-exposure to infection in the
postnatal period with presumably a different serotype of
rotavirus. Wyatt et al18 reported that in-utero calf rotavirus
infection could induce protection against illness caused by
human rotavirus challenge. However, Gaul et al16 reported
that only the homotypic vaccine afforded protection against
later challenge with a virulent strain in gnotobiotic piglets.
Recently, Offit and Clark19 found that maternal-antibodymediated passive protection against rotavirus challenge in
newborn mice was dependent on both serotype and titre of

antibody.
Since

such studies have been conducted under
experimental conditions, we investigated the possibility
of development of heterotypic cross-protection against
rotavirus gastroenteritis in young children under natural
conditions. We examined first the protective ability of
heterotypic antibodies and next the possible induction of
cross-protection by infection with type 3 rotavirus. There
was no relation between pre-existing antibody titres to type
2 virus and protection against illness, whereas attack rates
seemed to be inversely related to antibody level against type
1 or 4 virus. However, the apparent protective effect of the
heterotypic antibody may be explained simply by the good
correlation between antibody levels against type 3 virus and
those against type 1 or 4 virus. In other words, humoral
immunity against rotavirus gastroenteritis is serotypespecific, although natural infection with type 3 rotavirus
often produces concomitant rises in titres of antibodies
against type 1 and type 4 virus. Almost all infants seronegative for type 1 or 4 rotaviruses acquired antibodies to
these serotypes, but the titres did not reach positive levels.
Our findings suggest that a rotavirus vaccine should be
quadrivalent to produce sufficient protection against group
A rotaviruses. However, effective heterotypic immunity
may be obtained by a booster dose of a bivalent vaccine that
included serotype 2. A booster vaccination would also be
necessary to maintain homotypic immunity throughout
infancy, since the level of immune response usually
decreases with time. Since the purpose of a rotavirus
vaccination is the prevention of severe rotavirus
gastroenteritis during the first 2 years of life, specific
serotypes can be omitted depending on the age-related
prevalence of serotype-specific infection in a community.2O
Unlike previous observations of children in Hokkaido2O the
orphans in our study had higher pre-existing antibody titres
against serotype 2 virus than against viruses of other
serotypes. This finding may indicate that serotype 2 virus
strains are prevalent in this closed community, but this
serotype seems to be weakly pathogenic since it did not cause
outbreaks of gastroenteritis during our study.
most
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Brains obtained within 2-4 hours post
mortem and histopathologically confirmed
for Alzheimer’s disease and non-Alzheimer brains from agematched controls were examined for in-vitro assembly of
microtubules and neurofilaments. Microtubule assembly
was observed only in control but not in Alzheimer brains,
and neurofilaments were obtained from both types of brain.
The microtubule-associated protein tau, which stimulates
assembly of microtubules from tubulin, was abnormally
phosphorylated in Alzheimer but not in control brain
microtubule preparations. Alzheimer brains did not show
the presence of any inhibitor of microtubule assembly or any
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