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sonnel and early institution of therapy. Continuous monitor-
ing of the patients' flora may often help to ensure specific
therapy before results of appropriate cultures are available, as
shown in our septicaemia patients who always developed
infections with organisms present in the intestinal flora. To
secure a specific bacteriological diagnosis, however, the value
of blood cultures, endotracheal aspirations, and urine and
wound cultures should be emphasized in view of the
repeatedly significant findings in these samples.

In future bone marrow transplantations, admission of
patients to laminar air flow rooms under strict isolation con-
ditions, and decontamination of the intestinal flora, may be
important steps in ensuring survival of the patients. Improved
immunosuppressive therapy and methods to ameliorate the
graft-versus-host disease, however, seem more important in
preventing fatal infections.

This work was supported in part by U.S. Public Health Service
Grants IF05-TW-01494-01, 1-ROl-CA11505-01, AI-08677, and
HE-06314, and by grants from the National Foundation-March of
Dimes, and the American Heart Association.

Requests for reprints should be addressed to Dr. John M.
Matsen, Box 198, University of Minnesota Hospital, Minneapolis,
Minnesota 55455, U.S.A.

References
Bauer, A. W., Kirby, W. M. M., Sherris, J. C., and Turck, M. (1966).

American Journal of Clinical Pathology, 45, 493.
Bergsma, D., and Good, R. A. (editors)(1968). Immunologic Deficiency Diseases

in Man. New York, National Foundation.
Blaese, R. M., Martinez, C., and Good, R. A. (1964). Journal of Experi-

mental Medicine, 119, 211.
de Vries, M. J., Crouch, B. G., van Putten, L. M., and van Bekkum, D. W.

(1961). Journal of the National Cancer Institute, 27, 67.
Epstein, R. B., Storb, R., Clift, R. A., and Thomas, E. D. (1969). Cancer

Research, 29, 1072.
Fulginiti, V. A., et al. (1968). New England Journal of Medicine, 279, 619.
Keast, D. (1968). Immunology, 15, 237.
Kelly, W. D., et al. (1967). Surgery, 62, 704.
Ledney, G. D. (1969). Transplantation, 8, 127.
McDermott, W. (1957). Yalek ournal of Biology and Medicine, 30, 257.
Mathe, G., et al. (1965). European Journal of Cancer, 1, 75.
MathM, G., et al. (1967). Scandinavian Journal of Haematology, 4, 193.
Meuwissen, H. J., Gatti, R. A., Terasaki, P. I., Hong, R., and Good, R. A.

(1969). New England Journal of Medicine, 281, 691.
Montgomery, J. R., et al. (1969). Abstract: Ninth Interscience Conference

on Antimicrobial Agents and Chemotherapy, Washington D.C.,
October.

Pegg, D. E. (1966). Bone Marrow Transplantation, p. 71. London, Lloyd-
Luke.

Rifkind, D., Faris, T. D., and Hill, R. B., jun. (1966). Annals of Internal
Medicine, 65, 943.

Rifkind, D., Marchioro, T. L., Waddell, W. R., and Starzl, T. E. (1964).
J3ournal of the American Medical Association, 189, 397.

Solberg, C. O., et al. (1970). Applied Microbiology. In press.
van Bekkum, D. W., and de Vries, M. J. (1967). Radiation Chimaeras.

London, Logos Press.
van Bekkum, D. W., Dicke, K. A., Balner, H., Hollander, C. F., and van

Putten, L. M. (1970). Experimental Hematology, 20, 27.

Measles Immunoglobulins in Subacute Sclerosing
Panencephalitis
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Summary

Normal responses of measles specific immunoglobulins M and
G (IgM and IgG) were defined in 10 children with measles.
Abnormal responses of measles IgM and IgG were found in
both sera and cerebrospinal fluids from three cases of
subacute sclerosing panencephalitis. In two patients the serum
titres of measles IgM and IgG were abnormally high. The
measles IgM was present during prolonged illnesses in serum
and cerebrospinal fluid, which suggested a correlation with
the known persistence of measles virus antigen in the brain of
the three patients. It was concluded that both measles IgM
and IgG may be produced within the central nervous system
in subacute sclerosing panencephalitis.

Introduction

The viral aetiology of subacute sclerosing panencephalitis was
suggested by the finding of Cowdry type A inclusions (Daw-
son, 1933) and paramyxovirus-like filaments in brain
(Bouteille, Fontaine, Vedrenne, and Delarue, 1965). Measles
antibody in high or increasing titre was found in serum and
cerebrospinal fluid (C.S.F.) and measles virus antigen was
found in the brain of the same patients (Connolly, Allen,
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Hurwitz, and Millar, 1967; Freeman, Magoffin, Lennette, and
Herndon, 1967). Further evidence of the relatiQnship between
measles virus and subacute sclerosing panencephalitis was
reported at a conference (Sever and Zeman, 1968) and measles
virus has now been isolated from cultured brain cells of
patients with this disease (Baublis and Payne, 1968; Horta-
Barbosa, Fuccillo, Sever, and Zeman, 1969).

Measles IgM and IgG were titrated in 10 children with
measles and in three previously reported patients with
subacute sclerosing panencephalitis to assess the diagnostic
value of the immunoglobulin responses in both acute and per-
sistent measles virus infections.

Patients, Materials, and Methods

The childhood measles group consisted of nine children with
uncomplicated measles and one child with measles-associated
encephalitis who recovered completely. Serum samples were
obtained from all children, and a C.S.F. sample from the
child with encephalitis. "Normal" C.S.F. samples were
obtained during diagnostic lumbar pneumoencephalography
from four patients with epilepsy and one patient with a head
injury. The clinical, pathological, epidemiological, and
virological data on the three cases of subacute sclerosing
panencephalitis have already been reported (Connolly, Allen,
Hurwitz, and Millar, 1968).

All specimens were stored at -20°C, except the normal
C.S.F. samples, which were stored at -70°C, and were
tested for measles complement-fixing antibody to co.nfirm the
diagnosis of measles where necessary. Virus specific IgM and
IgG were detected with sheep antihuman IgM and IgG
(Wellcome Reagents Ltd.) by the indirect immunofluores-
cence technique (Haire and Hadden, 1970). Serum and C.S.F.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5739.23 on 2 January 1971. D
ow

nloaded from
 

http://www.bmj.com/


24

specimens were absorbed with HEp2 cells and measles speci-
fic IgG and IgM were titrated on measles-infected HEp2
cells, starting with undiluted material.

Results

The serum measles IgM and IgG responses in the group of
10 children with measles are shown in Fig. 1. It will be seen
that the measles IgM rose early but was transient and was
not detected when tested after the 46th day following the
onset of the measles rash. In five patients from whom serum
samples were obtained four years later, measles IgM was not
detected. The measles IgG also rose quickly but persisted
during the period of study though the titres in general
declined. Measles IgM and IgG were not detected even in
undiluted C.S.F. from the five normal patients though
measles IgG but not IgM was detected in the patient's C.S.F.
taken during the acute phase of the measles-associated
encephalitis.
The measles IgM and IgG responses in serum and C.S.F.

of three patients with subacute sclerosing panencephalitis are
shown in Fig. 2. Serum and C.S.F. samples were available only
during the later stages of their illnesses. It will be seen that
the serum measles IgM response in Patients 1 and 2 was
higher than the peak titres found in the childhood measles
group and was within the early convalescent range in Patient
3. In Patient 1 the high-titre serum measles IgM was main-
tained for the final eight months of his 17-month illness. In
Patient 2 it was maintained for the final five weeks of his six-
month illness, while in Patient 3 it was present at the end of
his three-month illness.
The serum measles IgG in Patients 1 and 2 was higher

than the peak titres found in the childhood measles group,
while in Patient 3 the titre was within the early convalescent
range. In Patient 1 the serum measles IgG titre was main-
tained for over six months, whereas the childhood measles
group showed generally declining titres. Both measles IgM
and IgG were present in the C.S.F. of the three patients with
subacute sclerosing panencephalitis, and in Patient 1 they
remained for a year. Measles IgM was not detected in the
terminal specimen of C.S.F. from Patient 3.
The serum/C.S.F. ratio in the three patients with subacute

sclerosing panencephalitis ranged from 8 to 32 for measles
IgM and from 8 to 128 for measles IgG.

Fig. 1
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Discussion

The routine measurement of viral antibody in unfrac-
tionated serum or C.S.F. will not detect the differential
immunoglobulin response to viral infection, and estimation of
the total amount of each immunoglobulin fraction is of
limited value, since each immunoglobulin fraction may con-
tain antibody to several antigens. Useful information can be
obtained only if virus-specific antibody in each
immunoglobulin fraction is measured, and it is now possible
to do this easily in serum or C.S.F. with the indirect fluores-
cent antibody technique (Baublis and Brown, 1968).

Using zone density ultracentrifugation for the separation of
serum immunoglobulins, Uhr and Finkelstein (1963) showed
that after primary antigenic stimulation the serum 19S (IgM)
antibody response was early but transient whereas the 7S
(IgG and IgA) antibody response persisted. Schluederberg
(1965) confirmed these findings in human measles. Svehag
and Mandel (1964) further indicated that cessation of 19S
(IgM) synthesis was due to lack of continuous antigenic stimu-
lation. Few studies of virus-specific immunoglobulins have
so far been carried out on clinical viral infections, but Baublis
and Brown (1968) and Haire and Hadden (1970) have studied
rubella, and Brown, Baublis, and O'Leary (1970) have inves-
tigated mumps.
The serum measles IgM and IgG responses in our 10 cases

of childhood measles showed a similar pattern. In all inves-
tigations so far the virus-specific IgG response has persisted
whereas the virus-specific IgM response has fallen to unde-
tectable levels when measured at the sixth to eighth week
after the onset of illness. It follows that finding measles IgM
after this time in serum or C.S.F. is abnormal, and our
results have shown such abnormal responses in three cases of
subacute sclerosing panencephalitis. Since measles virus
antigen was demonstrated in the brains of the three patients
we investigated it suggested that the persistent measles IgM
response was associated with the persistence of measles virus.
These three patients had childhood measles from 11 to 13
vears previously, but specimens were not obtained at that
time or at the start of their subacute sclerosing panen-
cephalitis. The measles IgM response during and following
the initial measles infection would be of interest since it
might show if subacute sclerosing panencephalitis was the
end result of a persistent infection from early childhood or
was a later reinfection.
Connolly (1968) and Connolly et al. (1968) concluded from
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a comparison of measles virus and poliovirus type 2
serum/C.S.F. ratios in these three cases of subacute scleros-
ing panencephalitis that measles antibody may be produced
or released within the central nervous system. The poliovirus
type 2 neutralizing antibody, which acted as an indicator of
an intact blood-brain barrier, would be contained in the IgG
and IgA fractions. Measles IgM and IgG were present in the
C.S.F. of these three patients whereas neither was detected in
the C.S.F. of five "normal" patients. The presence of any
measles IgM in the C.S.F. is abnormal, since IgM has not
been detected in normal C.S.F. (Cohen and Bannister, 1967;
Merrill, Hartley, and Claman, 1967). The measles IgG
serum/C.S.F. ratio was lower than the poliovirus type 2
serum/C.S.F. ratio in the three patients with subacute
sclerosing panencephalitis. These results suggested that both
measles IgM and IgG may be produced within the central
nervous system. It is unlikely that much antibody was
derived from cells in the C.S.F., since the cell count in the
three cases was within normal limits.
This work was supported by a grant from the National Fund for

Research into Crippling Diseases. We wish to thank the general
practitioners for access to patients under their care, Professor
K. B. Fraser and Dr. T. A. McNeill for helpful discussions, and
Miss Ann J. Fulton for technical assistance.
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Intrinsic-factor Antibody and Absorption of
Vitamin B12 in Pernicious Anaemia
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Summary

The mean urinary excretion in a vitamin-B12 absorption
(Schilling) test in control subjects was 19-2% and in per-
nicious anaemia when given with additional intrinsic factor
was as follows: no intrinsic-factor antibodies demonstrable
19.3%, antibodies in serum only 144%, antibodies in gastric
juice only 11-1%, and antibodies in both serum and gastric
juice 8.4%. It is concluded that intrinsic-factor antibody
exerts an adverse effect on vitamin-B12 absorption in most
patients with pernicious anaemia.

Introduction

The antibody to gastric intrinsic factor present in serum in
just over half the patients with pernicious anaemia prevents
the binding of vitamin B12 to intrinsic factor. When serum
containing such an antibody is given orally with vitamin B12
it interferes with the absorption of the vitamin mediated by
intrinsic factor (Schwartz, 1960). Nevertheless, vitamin-B12
absorption (with added intrinsic factor) was found to be
essentially the same in those patients with pernicious anaemia
who had a demonstrable serum intrinsic-factor antibody and
those without (Ardeman and Chanarin, 1965; Yates and
Cooper, 1967).
A few cases have been recorded where free antibody to int-
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rinsic factor was present in the gastric secretion associated
with impaired absorption of vitamin B12 when given with
added intrinsic factor (Schade, Feick, Muckerheide, and
Schilling, 1966; Herbert, Carmel, and Li, 1967). Antibody to
intrinsic factor was present in the gastric juice in 29 out of 53
(55%/,) pernicious anaemia patients studied by Rose (1970). In
11 (21%) the gastric-juice antibody was found only after it had
been dissociated from intrinsic factor. The gastric-juice
antibody often occurred in the absence of a demonstrable
serum antibody, and of 27 patients without intrinsic-factor
antibody in serum, such an antibody was present in gastric
juice in 15. The purpose of this report is to describe further
observations on these patients wherein the relationship
between vitamin-B12 absorption and the presence of intrinsic-
factor antibody in serum or gastric juice was studied.

Patients and Methods

There were 29 patients with pernicious anaemia who were
studied at St. Mary's Hospital, London. All had a megaloblas-
tic anaemia due to vitamin-B12 deficiency, histamine-fast or
pentagastrin-fast achlorhydria, and impaired absorption of
vitamin B12 which was improved to a greater or less extent
by additional intrinsic factor. The results in 35 patients with
normal gastrointestinal function who were tested over the
same period served as controls for vitamin-B12 absorption.

Detection of intrinsic-factor antibody in serum was by the
method of Ardeman and Chanarin (1963) and in gastric juice
by the method of Rose and Chanarin (1969).
Vitamin-B12 Absorption Tests.-Vitamin B12 l,ug labelled

with 57Co was mixed with a solution of 20 mg of dried hog
intrinsic factor (Lederle WES 818) and given to the fasting
patient. This was followed immediately by an injection of
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