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in solid myeloma tumours but also for metastatic spread
of myeloma. This notion is not in conflict with recent
knowledge of the heterogeneity, development, and

migratory habits of B-cell subpopulations.18,39 There is
no doubt about the presence of circulating tumorigenic
cells in mice bearing myeloma tumours. However, the
exact identity of these cells is not known. The simul-
taneous detection of malignant change and idiotypic
structures in circulating lymphocytes is difficult. Never-
theless, lymphocytoid cells bearing some tumour-cell
markers have been demonstrated. The number of lym-
phocytes whose SIg was altered by tumour R.N.A.3’ is

probably much greater than the number of tumorigenic
cells estimated in other experiments.26 Although it is

highly likely that SIg-id+ neoplastic stem cells circulate
in human myeloma, the bulk of the SIg-id+ lymphocyte
population may be partially differentiated and therefore
relatively benign. In addition, many circulating tumori-
genic cells could be in a non-growth phase or equivalent
state, and probably very few of those which are in the
cell cycle successfully initiate a focus of tumour because
of immunological inhibition and/or ecotactic preference.

Definitive experiments are needed to detect and iso-
late myeloma CFU-c stem cells from human peripheral
blood, and attempts should be made to propagate these
in nude mice. Further characterisation of peripheral
lymphocytes from myeloma patients must be undertaken
because of their possible value in diagnosis and therapy.

Requests for reprints should be addressed to T. F. C. S. W.

REFERENCES

1. Conklin, R., Alexanian, R. Archs intern. Med. 1975, 135, 139.
2. Kyle, R. A. Proc. Staff Meet. Mayo Clin. 1975, 50, 29.
3. Churg, J., Gordon, A. J. Am. J. clin. Path. 1950,20,934.
4. Thomas, F. B., Clausen, K. P., Greenberger, N. J. Archs intern, Med. 1973,

132, 195.
5. Sewell, R. L. Br. J. H&aelig;mat. 1977, 36, 545.
6. Bayrd, E. D. Blood, 1948, 3, 987.
7. Salmon, S. E. Semin. H&aelig;mat. 1973, 10, 135.
8. Drewinko, B., Alexanian, R. J. natn. Cancer Inst. 1977, 58, 1247.
9. Hobbs, J. R. Br. J. H&aelig;mat. 1969, 16, 607.

10. Sullivan, P. W., Salmon, S. E. J. clin. Invest. 1972, 51, 1697.
11. Salmon, S. E., Durie, B. G. M. Archs intern. Med. 1975, 135, 131.
12. Hamburger, A., Salmon, S. E. J. clin. Invest. 1977, 60, 846.
13. Van Furth, R. Semin. H&aelig;mat. 1969, 6, 84.
14. Vitetta, E. S., Uhr, J. W. Science, 1975, 189, 964.
15. Mellstedt, H., Jondal, M., Holm, G. Clin. exp. Immun. 1973, 15, 321.
16. Mellstedt, H., Hammarstrom, S., Holm, G. ibid. 1974, 17, 371.
17. Mellstedt, H., Pettersson, D., Holm, G. Scand. J. H&aelig;mat. 1976, 16, 112.
18. Holm, G., Mellstedt, H., Pettersson, D., Biberfeld, P. Transplant. Rev. 1977,

34, 139.
19. Abdou, N. I., Abdou, N. L. Ann. intern. Med. 1975, 83, 42.
20. Anday, G. J., Fishkin, B., Gabor, E. P. J. natn. Cancer Inst. 1974, 52, 1069.
21. Staneck, L. D., Krueger, R. G., Kyle, R. A. ibid, 1974, 53, 927.
22. Krueger, R. G., Staneck, L. D., Boehlecke, J. M. ibid. 1976, 56, 711.
23. Krueger, R. G. Unpublished.
24. Hamburger, A., Krueger, R. G., Salmon, S. E. Unpublished.
25. Warner, T. F. C. S., Moses, H. L., Fair, D. S., Krueger, R. G. J. natn.

Cancer Inst. 1977, 58, 983.
26. Warner, T. F. C. S. M.D. thesis, National University of Ireland, 1976.
27. Krueger, R. G., Williams, W. H., Miller, G. C. J. natn. Cancer Inst. 1974,

52,1203.
28. Bergsagel, D. E., Valeriote, F. A. Cancer Res. 1968, 28, 2187.
29. Bergsagel, D. E., Ogawa, M., Librach, S. L. Archs intern. Med. 1975, 135,

109.
30. Rohrer, J. W., Vasa, K., Lynch, R. G. J. Immun. 1977, 119, 861.
31. Fahey, J. L., Scoggins, R., Utz, J. P., Szwed, C. F. Am. J. Med. 1963, 35,

698.
32. Kyle, R. A., Bayrd, E. D. in The Monoclonal Gammopathies; p. 111. Spring-

field, Illinois, 1977.
33. Broder, S., Humphrey, R., Durm, M., Blackman, M., Meade, B., Goldman,

C., Strober, W. New Engl. J. Med. 1975, 293, 887.
34. Paglieroni, T., MacKenzie, M. R. J. clin. Invest. 1977, 59, 1120.
35. Heller, P., Yakulis, V., Bhoopalam, N., Costea, N., Cabana, V., Nathan,

R. D. Trans. Ass. Am. Physns. 1972, 85, 192.
36. Heller, P., Bhoopalam, N., Cabana, V., Costea, N., Yakulis, V. Ann. N. Y.

Acad. Sci. 1973, 207, 468.
37. Bhoopalam, N., Chen, Y., Yakulis, V., Heller, P. Clin. exp. Immun 1976,

24,357.
38. Strober, S. Transplant. Rev. 1975, 24, 84.
39. Janossy, G., Greaves, M. ibid. p. 177.

ASYMPTOMATIC ENDEMIC ROTAVIRUS
INFECTIONS IN THE NEWBORN

I. L. CHRYSTIE B. M. TOTTERDELL

J. E. BANATVALA

Department of Virology, St. Thomas’ Hospital and Medical
School, London SE1 7EH

Summary Between May 1, 1976, and May 14,
1977, 343 (32&middot;5%) of 1056 5-day-old

babies in newborn nurseries excreted rotaviruses. The
infection-rate was highest during winter (49%). 76% of
infected babies at this time were bottle-fed. 41% of
neonates excreted low amounts of virus (108 particles/g
f&aelig;ces); older children tended to excrete >1010 par-

ticles/g f&aelig;ces. Infected breast-fed babies excreted less
virus than those who were bottle-fed. Stools of breast-
fed babies often contained clumps of complete "smooth"
rotavirus particles. When the newborn nurseries were
transferred to a newly built hospital wing, infection
appeared in the new wards, including those admitting
only new patients, within a short period. Infection was
either mild (8%) or symptomless (92%), and even babies
with symptoms required no treatment.

Introduction

RoTAViRUSES are the commonest cause of acute non-
bacterial gastroenteritis in infancy and childhood,’,’ and
a common cause of severe diarrhoeal disease in newborn
calves3 and piglets.4 Rotavirus infection is world-wide
and iri children admitted to hospital is most common
between 6 months and 2 years of age;5 virus is sel-
dom detected in the stools of symptomless age-matched
controls. In temperate climates, infection is most fre-
quent in winter.2

After our first report of rotaviruses in the stools of
newborn babies with mild diarrhoea we found that 76
of 144 (52%) newborn babies excreted rotaviruses.’ 7
Although the babies were infected as early as the third
day of life, virus excretion was most frequent among 5-9
day-old babies, who showed few if any of the symptoms
of infection found in older children.’

This paper describes a 12-month study of the inci-
dence of infection, the amount of virus excreted by
breast-fed and bottle-fed babies, and the pattern of virus
spread during the transfer of maternity wards to

quarters in a newly built hospital wing.
Patients and Methods

Stools from 5-day-old babies were examined for virus par-
ticles by electronmicroscopy. During the first 6 weeks of the
study, the maternity wards (Mary 1 and Mary 3a and b) were
located in the old part of the hospital (south wing). In mid-
June, patients were transferred to new wards (Haydon and
Mary) in the new north wing, and the old wards were subse-
quently cleaned and reopened in early August under new
names (Garland, Wrigley, and Bowes) for mothers and babies
of uncomplicated deliveries. Garland and Bowes were next to
each other on the same floor and Wrigley was one floor below.
Some patients were transferred from Haydon and Mary to
Bowes, but Garland and Wrigley accepted only new patients.
Mary ward in the new north wing was used for only 2 months
to provide additional accommodation while wards in the old
south wing were being cleaned. In general, babies remained
with their mothers during the day but at night were accommo-
dated in the nurseries.

Results

Between May 1, 1976, and May 14, 1977, stools from
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1056 babies were examined, of which 343 (32.5%) &ccedil;on-

tained rotaviruses. Bacteriophages but no other virus
particles (astroyiruses, caliciviruses, coronaviruses,
adenoviruses, small round virus particles) were detected,
in contrast with our findings among older children. The
number of rotavirus particles detected varied consider-
ably : of 104 consecutive rotavirus-positive infants stu-
died during the winter months, 41% excreted 107-108
particles/g of fasces, but the stools of 20% of the infants
contained more than 101O/g which is what we usually
find in rotavirus-infected children with acute gastro-
enteritis.

Infection had a seasonal variation, reaching a peak
during the winter of 1976-77 and the lowest level in
summer, 1976 (fig. 1). The proportion of bottle-fed
babies excreting rotaviruses during the winter months
was particularly high (76% and 75% for December,
1976, and January, 1977, respectively).
Because patients were transferred from Mary 1. and

Mary 3a and b wards in the south wing directly to Hay-
don and Mary wards in the new north wing, it was not
surprising that rotavirus excretion was detected in
babies in these wards immediately after they were
opened and persisted throughout the study (fig. 2). After
the transfer of some patients from Haydon and Mary
wards to Bowes ward rotavirus was detected in babies in
Bowes. Wrigley and Garland wards accepted only new
patients; Garland remained apparently free from rota-

Fig. 1&mdash;Monthly percentage of neonates excreting rotavirus,
May, 1976-May, 1977.

Fig. 2--Occurrence and spread of rotaviruses in newborn nur-
series.
- =rotavirus detected, ---=rotavirus not detected. Figures in par-

entheses show frequency of positive rotavirus findings.

TYPE OF FEEDING AND VIRUS EXCRETION IN

ROTAVIRUS-POSITIVE INFANTS

virus for a month, but rotavirus was detected within a
few days of Wrigley’s opening.

Rotavirus infection was significantly less frequent
(&khgr;2=127;P<0.01) among babies who were breast fed
(22% positive of 751) than among bottle-fed babies (58%
positive of 305). Virus particles in the stools of breast-
fed babies were often clumped, which prompted us to ex-
amine a consecutive series of infants excreting rotaviru-
ses : 19 (14%) of 135 contained clumps, and 18 of these
19 were from breast-fed babies. In 15 of the 19, the
clumps were of complete "smooth" virus particles and
the "rough" particles were unclumped. The reverse was
true in the remaining 4 specimens. Bottle-fed babies who
were rotavirus positive excreted greater amounts of
virus (see table).

Analysis of feeding charts from one of the new wards
(Haydon) in the north wing showed that rotavirus infec-
tion among newborn babies was mild or more often

symptomless. Only 15 of 189 (8%) babies in this ward
who excreted rotavirus passed frequent loose or offensive
stools or vomited and there was no obvious correlation
between the amount of virus excreted and the presence
of gastrointestinal symptoms. Such symptoms were

noted in 5 (2%) of the 254 rotavirus-negative children
in the ward.

In Haydon ward rotavirus infection among newborn
babies was mild or more often symptomless. Only 15 of
189 (8%) babies in this ward who excreted rotavirus
passed frequent loose or offensive stools or vomited and
there was no obvious correlation between the amount of
virus excreted and the presence of gastrointestinal symp-
toms. Such symptoms were noted in 5 (2%) of the 254
rotavirus-negative children in the ward.

Discussion

In other reports of rotavirus infection,8-10 the propor-
tion of newborns with diarrhoea was variable, but

usually greater than in our series. However, the signifi-
cance of this is difficult to assess since newborn babies,
although apparently in good health, pass a variable and
often frequent number of stools of varying consistency.
The assessment of reports of "diarrhoea", "loose stools"
or "frequent stools" is thus difficult particularly if, as in
our study, assessment is made retrospectively by examin-
ing feeding-charts or case-notes. Although we may have
underestimated the frequency of diarrhoeal episodes, it is
certain that no infant was sufficiently ill to require treat-
ment.

It is not known why rotavirus infection is mild or

symptomless in the newborn human. It is often severe in
newborn calves and piglets, particularly if they are colos-
trum-deprived," and unlike humans, these animals do
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not acquire antibodies transplacentally. Rotavirus anti-
bodies present in the sera of almost all human adults
may protect the newborn after transplacental transmis-
sion. Although it may appear surprising that serum anti-
body rather than secretory antibody protects against in-
fection localised in the small intestine, vaccine-induced
circulating antibodies protect the gut against cholera12
and the respiratory tract against influenza." However,
although newborn infants are protected from disease,
they are not protected from infection: 33% in our study
excreted virus, occasionally in very large amounts.

Symptomless infection with excretion of large quantities
of virus also occurs with cytomegalovirusi4 and hepati-
tis-B virus. Holmes has suggested that the intestinal
brush-border enzyme, lactase, acts as the host-cell recep-
tor for rotavirus.16 In-vitro trypsin treatment enhances
the in-vitro infectivity of porcinel7 and bovine18,19 rota-
viruses. However, there is no evidence that human
neonates are deficient in these enzymes.

It is possible that the rotavirus strains circulating in
our nurseries were avirulent. Pig rotaviruses may vary
in virulence.2o However, the demonstrations of mild or
symptomless infection in newborn infants but frank
diarrhoea in older children in the U.K., Australia,’O and
India2I do not support this hypothesis. Furthermore, in
our hospital there is concurrent rotavirus infection

among symptomless newborn infants and among older
children with gastroenteritis in the ward only one floor
above the newborn nurseries.

Breast-fed babies excreted rotavirus significantly less
frequently and, when infected, generally shed less virus
than bottle-fed babies. Breast-fed babies may be pro-
tected by maternal secretory antibodies in colostrum 22,23
and breast milk24 during the newborn period, or by non-
specific antiviral factors distinct from antibody or inter-
feron in breast milk. 25

In a rural Bangladesh environment heavily contami-
nated with rotaviruses admission to hospital with rotavir-
us-induced diarrhoeal disease is rare before the age of 6
months.26 How rotaviruses induce diarrhoea in humans
is not clearly understood but the newborn’s gastrointes-
tinal tract may have physiological characteristics not
found in older children which allow symptomless infec-
tion. Discovery of the mechanism by which young in-
fants are protected might provide an alternative to vac-
cination.

Although it is uncertain how infection was introduced
into the newborn nurseries, transmission of infection by
medical or nursing staff from infected older children in
the general wards seems likely. Studies in Toronto
have shown that rotavirus infection, a common cause of
hospital-acquired gastroenteritis among older children,
was probably transmitted by medical staff.27 We found
infection occasionally in infants in the newborn special-
care nursery. Premature babies also had symptomless in-
fections but in this unit many are in incubators and
active measures are taken to prevent cross-infection, so
rotavirus spread is likely to be rare.
We are now investigating whether our newborn rota-

virus-infected infants are "immunised" as a result of in-
fection. Follow-up studies on 20 babies who excreted
rotavirus neonatally have shown that 1 had rotavirus-
induced diarrhoea when aged 14 months, and we are
attempting to determine whether the two virus strains
are antigenically related. Serotyping by ELISA of

groups of 3 rotavirus-positive stool samples from the
1975 and 1976-77 surveys of neonatal nurseries and
from current episodes of diarrhoea among older children
has been carried out by Dr R. H. Yolken, N.I.H., Beth-
esda, U.S.A., and has shown that all viruses are type 2.
This type appears to be the predominant serotype associ-
ated with symptomatic disease in most parts of the
world.
We thank the medical officers and nursing staff of the maternity

wards at St. Thomas’s Hospital for their cooperation.
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PREVENTION OF IRON LOADING IN
TRANSFUSION-DEPENDENT THALASS&AElig;MIA
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S. T. CALLENDER* D. J. WEATHERALL*

*Nuffield Department of Clinical Medicine, Radcliffe
Infirmary, Oxford, and &dagger;Hospital for Sick Children, Great
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Summary Urinary iron excretion after single intra-
muscular (i.m.) bolus injections or 12 h

subcutaneous (s.c.) infusions of desferrioxamine (D.F.)
was determined in sixteen homozygous &bgr;-thalass&aelig;mia
patients whose ages ranged from 10 months to 23 years.
At all ages the s.c. infusions resulted in greater iron loss
than identical i.m. doses. With doses of 0&middot;5-1 g of D.F.
as s.c. infusions eight out of nine children aged less than
6 years with a total transfusion iron load of less than
10 g excreted sufficient iron to achieve iron balance.
These results suggest that iron loading in transfusion 


