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Incidence of Rubella Antibodies among Pregnant Women in Six Areas:

Prophylactic Effect of Two Doses of Gammaglobulin

Report* to the Public Health Laboratory Service Rubella Working Party
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The use of gammaglobulin as a prophylactic in pregnant
women exposed to rubella during the first trimester has been
accepted practice for over a decade. Several surveys have been
made to assess its efficacy, but the results showed little agree-
ment (Lundstr6m, 1965). With the isolation of the rubella
virus (Parkman et al., 1962 ; Weller and Neva, 1962) an accu-
rate assessment of the value of gammaglobulin as a prophylactic
was to be expected. However, the results of experimental work
(Green et al., 1964) indicated that gammaglobulin was not pro-
tective, whereas field trials (Brody et al., 1965) suggested that
some protection was afforded.
During the past 18 months studies into gammaglobulin pro-

phylaxis in pregnant women exposed to rubella have been con-
ducted in this laboratory. This communication reports some
of the results so far obtained in two surveys using different
dose schedules and the incidence of rubella antibodies in preg-
nant women in different areas of England.

Method of Study

In England and Wales general practitioners requiring gamma-
globulin obtain their supplies from public health laboratories
which serve as distribution centres. During the period of both
studies an initial dose of 750-800 mg. of gammaglobulin was
supplied for each pregnant woman exposed to rubella in the
first 16 weeks of pregnancy. Gammaglobulin of both English
and Dutch manufacture was used, and several different batches
of each product were distributed.
The first study (Study A) was conducted from April 1965 to

March 1966 in the area served by the Manchester Public Health
Laboratory. Before giving gammaglobulin to patients exposed
to rubella in the resident family (home contact) general practi-
tioners collected a specimen of the patient's blood and sent it to

the laboratory by post. Each serum was examined for the
presence of rubella-neutralizing antibody within a week of
receipt. Approximately six weeks later a second specimen was

obtained from all these patients whether initially with or with-
out antibody, and the paired sera were titrated together. As
only a small percentage of Manchester women were found to

be non-immune and as a single dose of 750 mg. of gamma-
globulin did not prevent infection in some of these patients, a

second study (Study B) was begun in March 1966. The investi-
gation was extended in order to study a large number of non-

immunes and to assess the value of a larger dose of gamma-
globulin. This report records the results obtained up to 31
August 1966.

General practitioners receiving supplies of gammaglobulin
from six public health laboratories for patients exposed both at

home and elsewhere (other contracts) collected a specimen of
whole blood from their patients and sent these specimens direct

C The Public Health Laboratory Service consultants assisting in the
investigations were Dr. B. W. Barton (Derby), Dr. W. L. Hooper
(Stafford), Dr. Helene J. Mair and Dr. N. S. Mair (Leicester), Dr.
J. H. McCoy (Hull), Dr. Pauline M. Poole (Chester), and Dr. J. O'H.
Tobin (Manchester). The tests were carried out at the Manchester
laboratory by Mrs. Eileen Smith, Mr. K. M. Thompson, and Dr.
D. N. Hutchinson. The report was prepared by Dr. D. N.
Hutchinson.

to the Manchester laboratory by post. Where possible a throat
swab was collected for virus isolation from the suspected case
of rubella and posted to the laboratory. The sera were examined
for rubella-neutralizing antibody within 48 hours of receipt, the
results being available within four days of setting up the test.

If neutralizing antibody was not detected or found to be
present at a titre no greater than 1/4 the patient was, for the
purposes of this investigation, regarded as non-immune and the
local public health laboratory sent a further 1,500 mg. of
gammaglobulin to the practitioner to be given to his patient if
she was still within 12 days of contact. In home contacts the
day of appearance of the rash was taken as the day of contact.
Six weeks after the initial dose of gammaglobulin a second
specimen of blood was obtained from these patients.

Materials and Methods

Sera.-Blood obtained from the patients was separated and
sera were stored at -20° C. and were not inactivated.

Neutralization Tests.-These were performed in the RK.13
continuous line of rabbit kidney cells (Beale et al., 1963). The
propagation of the cells and the technique of the neutralization
test are described in detail elsewhere (Hutchinson and
Thompson, 1965).

Dilutions of sera were prepared in 0.3-ml. amounts to which
were added an equal volume of rubella virus suspension (" West
Point " strain) diluted to contain 1,000 T.C.D.55 per ml. After
incubation at 370 C. for one hour an inoculum of 0.2 ml. was
added to each of two tubes of RK.13 cells containing 0.8 ml.
of medium. Control sera and virus titrations were incorpor-
ated in each batch of tests. On receipt, sera were examined
for the presence of rubella-neutralizing antibody at serum dilu-
tions of 1/2 and 1/8 only. Titrations were performed with
fourfold serum dilutions in the range 1/2 to 1/128. The titre
was reported as that dilution of serum inoculated into tubes
showing an unequivocal reduction in the number of micro-
foci, and not, as previously, the dilution of serum in the serum-
virus mixture (Hutchinson and Thompson, 1965).

Results

Study A.-Of 429 sera obtained from pregnant women who
had home contacts in the Manchester area in 1965-6, only

TABLE I.-Examination of Paired Sera from Non-immunes

Amount Total No. of 2nd*
Study of No. Sera with oStudy Gammaglobulin Pairs Neutralizing Infected

Given Examined Antibody

A 750 mg.
B 750 mg. only
B 750 + 1,500 mg.
i I~~~~~~~~~~~~~~~~~~~~~~~

Home Conltacts
201 303 6 (4) }
10 ~~2 (1)f

29 9 (4)

" Other " Contacts

3221
3,

B 750 mg. only 18

B 750+1,500mg. 51 1 (1)
F n l

* Figures in parentheses indicate cases of clinical rubella.

°} 26-7

1-96
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21 (4.9%) did not possess rubella-neutralizing antibody. A
second serum was obtained from 20 of these 21 negatives and
the results of examination of these 20 pairs are given in Table I.
Six of these patients had developed neutralizing antibody by
the time the second specimen was collected. Four of the
patients were known to have had clinical rubella, and rubella
virus was isolated from the throat in each case.
Study B.-The results of the examination of 1,326 sera

obtained from all contacts of rubella in the areas served by the
six public health laboratories are shown in Table II. The pro-
portion of non-immunes varied from 21% to 6.3 %. The
results obtained on examination of pairs of sera from 39 non-
immune home contacts and 69 other non-immune contacts are
shown in Table I. Six of the 12 women who had developed
neutralizing antibody in the second specimen were reported as
having had clinical rubella. Rubella virus was isolated from
the throat of the two patients from whom specimens were
received. Sixteen patients were reported as having a neutral-
izing antibody titre of 1/4 in the first serum specimen. Titra-
tion of paired sera from the patients showed that one pair
contained no antibody, five pairs had a titre of 1/8, and the
other 10 pairs remained unchanged at a titre of 1/4. In non-
immune family contacts the mean number of days between
contact and the first dose of gammaglobulin was 4.8 days in
those receiving one dose and 2.8 days in those receiving two
doses. In the non-family contacts the mean was 7.4 days for
those receiving one dose and 5.0 days for those receiving two
doses.

TABLE II-Rubella-neutralizing Antibody Among Pregnant Women
Exposed to Rubella in Sera from Areas Served by Six Public Health
Laboratories

No. of
Public Sera
Health Exam-

Laboratory ined

Negative *

No.I %

Contact History*

Total

Family

I Negative

INo.I %
Total

Chester 84 11 13-1 28 2 7-1 53 9 17-0
Derby . . 267 34 12-7 81 7 8-6 163 26 15-9
Hull 115 11 9-6 57 5 8-8 58 6 10-3
Leicester . . 143 24 16*8 43 9 20-9 94 15 16*0
Manchester 593 38 6-4 237 15 6-3 335 23 6-9
Stafford . . 124 16 12 9 42 3 7-1 78 12 15-4

1,326 134 1011 488 41 8-4 781

* Excludes those patients with a titre of 1/4 or where the contact history was not
known.

Discussion

Workers in America (Sever et al., 1965b) Canada (Givan
et al., 1965) and Sweden (A. Svedmyr, personal communica-
tion, 1966) have reported that 80 to 90% of women of child-
bearing age possess rubella-neutralizing antibody. Dudgeon
et al. (1964), in this country, found rubella-neutralizing anti-
body in 82% of cord bloods obtained from a London hospital.
In the areas served by the six laboratories we have found a
marked variation in the number of immunes, the proportion
ranging from 80 to 94%. These differences are possibly asso-
ciated with the differing size of industrial, urban, and rural
populations which these laboratories serve. Our findings are
similar to those of Sever et al. (1964), who examined sera from
several centres in the U.S.A. and found a large difference in
the number of immunes between areas and ethnic groups. This
variation in different areas makes assessment of field trials into
the protective effect of gammaglobulin unreliable, unless the
immune state of each area being studied is known.

In five areas the percentage of susceptibles in home contacts
was less than that for the other contact group. The total
number of patients examined, so far, is too small to attach
significance to this finding.
Of 30 non-immune home contacts from both studies who

were given only one dose (750-800 mg.) of gammaglobulin,

26.7% showed evidence of infection (Table I). In Study B,
29 home contacts were given an additional dose (1,500 mg.)
of gammaglobulin between 8 and 12 days after contact. Of
these, 31% were infected. All but one of the patients showing
evidence of infection received the initial dose of gammaglobulin
within three days of contact. However, the results do not
indicate that the giving of a second dose late in the incubation
period increases the maternal protection to infection (McDonald,
1963).
The risk of maternal infection would not appear to be very

great when the patient and the contact were not living in the
same house. Only one of 69 such non-immune contacts (51
given a second dose of gammaglobulin) developed evidence of
rubella infection. This patient had repeated contact with
several children while transporting them to and from school.
Her own child did not develop clinical rubella.

In a review of the protection afforded by gammaglobulin,
Lundstr6m (1965) tabulated the results of various surveys and
trials and drew attention to the widely different attack rates
obtained. Sever et al. (1965a), in a preliminary report on the
prophylactic value of gammaglobulin given to pregnant women
in the first trimester, found a significant reduction in clinical
rubella occurring within one month after exposure. It is not
yet possible to assess their results as serological data were avail-
able for only a small number of cases. McDonald (1963), in this
country, found that 1.27% of home contacts who received
gammaglobulin still developed clinical rubella. In our studies
attack rates of 0.93% (A) and 1.02% (B) were found in all
home contacts. However, the true attack rate in susceptible
home contacts is at least 30%.

Sixteen batches of gammaglobulin used during these studies
were titrated for neutralizing antibody. The titres ranged from
1/32 to 1/256. In our studies too few susceptibles have
received material from any one batch to detect a significant
difference. Korns (1952) found that only one of three batches
of gammaglobulin gave significant protection in field trials. On
testing 17 different batches of gammaglobulin, Schiff et al.
(1963) found an eightfold difference in titres, and they con-
cluded that the variation in the protective value of different
lots of gammaglobulin was a reflection of this titre difference.
In future trials the titre of rubella-neutralizing antibody in the
different batches of gammaglobulin issued should be known
and preferably only those with a high titre used.
An attempt was made during study B to prove that the

patient was exposed to rubella, as several enteroviruses are
known to produce a rubelliform rash (Lerner et al., 1963). A
throat swab was obtained from the index cases of home
contacts, but this usually necessitated a special visit by the
practitioner or a member of the laboratory staff, and was not
always possible. Nine specimens collected within four days of
the rash were received from children of non-immune home
contacts. Rubella virus was isolated from the child of a patient
who developed neutralizing antibody. In the other eight
instances virus was not isolated and the patients remained non-
immune. From other studies in patients with serological proof
of rubella infection a virus isolation rate of 90% could be
expected from throat swabs transported overnight in the post-
a similar result to that obtained by early inoculation of cultures
(to be published).
These studies indicate that it is necessary to investigate the

prophylactic effect of giving a large dose of gammaglobulin as
soon as possible after contact. To do so would be costly, and
in future trials some saving would be effected by restricting the
use of the large dose to home contacts. If a more rapid test
for the detection of rubella antibody was available greater
economy could be made. So far, fluorescent antibody tech-
niques (Brown et al., 1964) have not proved readily adaptable
to the testing of large numbers of sera; however, a haemag-
glutination inhibition test for the detection of rubella antibodies
may prove suitable for this purpose (Stewart et al., 1967).
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This report records only the effect of gammaglobulin on

maternal infection, and it is possible that the administration
of gammaglobulin, though not preventing maternal rubella, may
still reduce the frequency and the severity of foetal abnormal-
ities. It is hoped to study the outcome of the pregnancies in
the susceptible patients.

Summary
In six areas of England and Wales the incidence of rubella-

neutralizing antibody among pregnant women exposed was
found to vary from 80 to 95%.
Two different dose schedules were used and the prophylactic

effect of gammaglobulin in pregnant rubella contacts was inves-
tigated. The attack rate in home contacts given 750 mg. of
gammaglobulin was 26.7%. In similar contacts given an
initial dose of 750 mg. followed by a further 1,500 mg. within
12 days of exposure the attack rate was 31%. In non-family
contacts only one out of 69 susceptibles developed evidence of
rubella infection.

It is a pleasure to record the co-operation of the many general
practitioners in the areas served by the six public health laboratories;
these investigations would not have been possible without their
assistance. This work was supported by a research grant from the
Ministry of Health to the P.H.L.S. Rubella Working Party. The
members of the Working Party are: Dr. A. D. Macrae (Colindale)
(chairman), Dr. D. Reid (Colindale) (secretary), Dr. C. M. P.
Bradstreet (Colindale), Dr. S. K. R. Clarke (Bristol), Miss A. M.

Field (Colindale), Dr. J. H. Hale (Newcastle upon Tyne), Dr. M. H.
Hambling (Leeds), Dr. D. N. Hutchinson (Manchester), Dr. W. F.
Lane (Bedford), Dr. C. Miller (Medical Research Council Labora-
tories, Hampstead), Mr. J. Pope (Colindale), Dr. G. B. B. White
(Liverpool), and Dr. J. E. M. Whitehead (Coventry).
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Comparison of Intragastric and Intravenous Routes of Glucose!
Bicarbonate Administration in Respiratory Distress Syndrome

J. M. ABRAHAM,* M.B., B.S., M.R.C.P., M.R.C.P.ED., M.R.C.P.GLASG., D.C.H.; R. J. K. BROWNt M.B., F.R.C.P., D.C.H.

Brit. med.JY., 1967, 3, 640-642

After the reports of Usher (1959, 1961), who suggested that the
use of glucose/sodium bicarbonate solutions had led to a
significant reduction in the mortality from the respiratory
distress syndrome, his form of treatment was given a pre-
liminary trial in the neonatal ward at the Queen Elizabeth
Hospital for Children during 1961 and 1962. Among 61
infants treated within 24 hours of birth with intravenous therapy
according to his suggested dosage there were 18 deaths, a
mortality of 29.5 %. Usher emphasized the need to start the
infusion early, preferably within three hours, if it was to have
any demonstrable effect on the survival rate. Our experience
confirmed this, for among 10 babies whose treatment was
delayed for ovet 24 hours there were nine deaths. If these
babies had been included in our preliminary trial there would
have been 27 deaths out of a total of 71 babies and the mortality
increased to 38 %. It would, however, give a fairer estimate of
the mortality if the 10 cases in which treatment had been
delayed for 24 hours or more were excluded. However, even
the figure of 38% is significantly lower than the average 60%
mortality in .most previously reported series where bicarbonate
had not been administered.

Unfortunately, in this hospital there were not enough controls
to provide statistical proof that the treatment was of value,

though there had been 32 babies who had received oxygen and
increased humidity but no bicarbonate, and among these there
were 17 deaths, a mortality of 53 %. The results are given
in Table I, alongside some results reported from Glasgow
(Hutchison et al., 1962).

TABLE I.-Comparison of the Mortality Rates from R.D.S. With and
Without Treatment With Intravenous Glucose/Sodium Bicarbonate
Infusion in Two Centres

Q.E.H.C. (1961-2). Glasgow.
Glucose/NaHCOs by Glasgow 02 and

I.V. Infusion (1962). Humidified Air
Glucose
and

SourceI NaHCO.3Y. by "Titra-Omitting tion"
I Cases190 96

All Cases Treated 1960 1961
After

24 Hours

No. % No. % No. % No. % No. L

Deaths . .. 27* 38 1 8 29-5 11 41 48 66 38 64
Survivals . 44 62 43 70 5 16 59 25 34 21 36

Total .. 71 61 27 73 59

* Nine of these deaths occurred among 10 cases that did not start therapy until
24 hours or more had elapsed, thus causing the mortality to be increased by nearly
10% more than need be.

Differences between percentage mortality rates in the two Glasgow series (results
for 1960 and 1961 combined) P < 0-02 (this is " significant ").
The Glasgow figures are quoted from Hutchison et al. (1962).

* Lately Medical Registrar, Queen Elizbeth Hospital for Children, Lon-
don E.2.

t Consultant Paediatrician, Queen Elizabeth Hospital for Children,
London E.2.
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