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Rabies Vaccination in Man

Prophylactic vaccination against rabies is now widely prac-
tised, but the first vaccines were used solely for people who
had been bitten by rabid animals. The practice of immuniza-
tion after infection continues, and each year more than one
million people receive treatment (daily doses of vaccine for up
to 14 to 21 days) not very different from that introduced by
Pasteur.' For ethical reasons controlled studies on its efficacy
cannot be made, but in India N. Veeraraghavan found that
56 % of untreated exposed persons developed the disease com-
pared with only 7% of vaccinated persons.2 Even better results
were obtained when antiserum3 or immunoglobulin4 were
included in the treatment. Lower antibody responses have
been reported in volunteers given fewer doses of vaccine more
widely spaced.5 Nevertheless, the wisdom of multiple injection
therapy has been questioned.6 Before it can be replaced by
less rigorous treatment the pathogenesis of rabies and the
effect of the immune response must be more clearly under-
stood. In addition, better vaccines are required.
The incubation period in human rabies is usually between

three and eight weeks, and it is this delay between infection
and onset of the disease that makes immunization after
exposure seem feasible. However, unless antiserum is given at
the start of treatment, no virus-neutralizing antibody can be
detected in the serum for seven to ten days.6 By this time, it
has been generally assumed, the virus would be in the nervous
system and inaccessible to antibody.7 Recent experiments have
shown that this idea may be incorrect, and the virus may
remain at or near its site of introduction for most ofthe incuba-
tion period,8 multiplying in local muscle before travelling to
the central nervous system via the peripheral nerves.9 In this
case there would be time for antibody, produced de novo or
passively administered, to be effective. Cell-mediated im-
munity may also be important, but there is conflicting evidence
on whether rabies vaccines stimulate production of inter-
feron.8 10 11 In any event prompt stimulation of the immune
response is essential.
Two main types of vaccine are available, prepared from

mammalian nervous tissue or duck embryos.'2 13 Semple
vaccine, by far the most widely used, is made from mature
nervous tissue and is completely inactivated. Fermi vaccine,
also prepared from adult nervous tissue but containing
residual live virus, is still used in certain countries, but
because this vaccine is not completely inactivated the World
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Health Organization's Expert Committee on Rabies now
recommends that its production should be discontinued.14
Both vaccines are good antigens but can give serious side
effects owing to a paralytic factor in adult brain tissue.15 16 In
general they are used only for treatment after exposure. Since
the paralytic factor is absent from the brains of very young
animals, these have been used for the mass production of
potent vaccines in a number of countries since 1955.17
Duck embryo vaccine, also inactivated, was introduced in

the U.S.A. in 1956 in an attempt to avoid postvaccinal com-
plications.'8 It is safer than the older type of nervous tissue
vaccines, though not completely free from allergenic hazards.'6
Like the vaccines from suckling mouse brains, it is used both
before and after exposure. In the U.S.A. more than 30,000
people are vaccinated with this vaccine each year,'6 while in
Britain in 1972 the Central Public Health Laboratory issued
1,137 doses for pre-exposure and 591 doses for post-exposure
treatment.19 However, considerable doubts have been ex-
pressed about the efficacy of this vaccine.20 21

Since the 1950s cell culture has been the preferred method
of manufacture for many virus vaccines, because in this way
cleaner and more readily standardized products are obtained.
Rabies virus was first grown in tissue culture (primary
hamster kidney cells) for an experimental vaccine in 1960.22
Inactivated vaccines produced in the same cells are now
licensed for human use in Canada and the U.S.S.R. Pre-
liminary results are encouraging.'4

Since 1964 workers in the U.S.A. have developed an
inactivated vaccine in the human diploid cell strain WI-38.23
Unfortunately these cells produce relatively low yields of
virus, but a single dose of concentrated vaccine offered better
protection to monkeys exposed to virus before immunization
than 14 doses of duck embryo vaccine.24 Encouraging antibody
responses have been obtained in limited human trials with the
WI-38 vaccines, so that safe, effective, and more tolerable
post-exposure therapy may at last be in sight.2527
The antigen required for the production of neutralizing

antibody is the glycoprotein contained in the projections on
the virus surface.28 In the last four years it has been shown that
it may be possible to use this material rather than intact virus
for immunization.29-3' The ultimate aim is to prepare pure
subunits entirely free from genetic material. If this can be
achieved, there would seem to be no good reason why more
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productive cells32 should not be used in the manufacture of a
vaccine so urgently required for more comfortable and certain
human protecton.
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Renal Calculi and
Poliomyelitis
Though vaccination against poliomyelitis has almost elimi-
nated the disease in this country in the last decade, the after-
math of the 1940s and the 1950s is still with us. An estimated
12,000 patients were still disabled by the disease in 1965,1 and
since most were young the number has probably changed little
in the interim. One of the hazards they face is the development
of renal calculi, which affected up to 80% of patients with
respiratory failure in the great North American epidemics.2-4
Several features of the disease have been suggested as causes
of this high incidence of renal calculi, including hypercal-
ciuria, hyperphosphaturia, raised urinary pH, and infection.

Calcium is lost from the bones whenever they are relieved
of the pull of muscular activity and the push of weight-
bearing. It happens to astronauts in space and to patients
during recumbency5 and after fractures6 or any form of muscle
paralysis, notably spinal injuries and poliomyelitis.7-10
Calcium excretion rises to about twice normal over the first
month after injury and then remains at a plateau for weeks or

months, the duration reflecting the extent of paralysis.8 9
Restoration of normal calcium balance often coincides with
ambulation,7 9 but early mobilization of paralysed patients
does not regularly reverse the hypercalciuria.8 If a high con-
centration of urinary calcium were the main cause of calculous
disease after poliomyelitis we would expect the majority of
stones to consist of calcium oxalate, yet, though oxalate
stones do occur, they are uncommon.5
A brisk phosphaturia appears in the first fortnight after the

onset of paralysis and has been attributed to dissolution of
neural tissue,9 though atrophy of muscle is a more plausible
explanation. It subsides long before the peak incidence of
calculi but could play a part in the formation of nuclei for the
stones.
Most of the calculi found after poliomyelitis consist of

phosphates of calcium and magnesium. Such stones are
classically associated with urine made alkaline by urea-
splitting organisms like proteus, since the solubility of calcium
phosphate rapidly falls as pH rises. A high urinary pH is found
after poliomyelitis even in the absence of infection. Its origin
is uncertain but probably not renal, since urine is normally
acidified after an acid load.5

However, most authors have concluded that urinary infec-
tion is the most important factor in the calculous disease that
follows poliomyelitis or spinal injury. Many of the infectants
are not urea-splitters and they presumably initiate calculi by
providing a nucleus in a urine already supersaturated with
calcium phosphate. Careful control of infection has greatly
reduced the incidence of calculi in paraplegics.'1 11

Recently P. A. Poole-Wilson has studied 61 patients who
survive with the aid of long-term respiratory support, about
a quarter or more of the estimated number in Great Britain.12
A surprising finding was that renal calculi were much com-
moner in patients supported by the tank respirator or cuirass
than in those treated by intermittent positive-pressure ventila-
tion. Most of these calculi developed in the first five years
after paralysis, so the presumably longer duration of the illness
in those treated by the tank does not explain the difference.
Neither was there any obvious difference in severity of para-
lysis or in the regimen of physiotherapy or turning. However,
patients on intermittent positive-pressure ventilation (I.P.P.V.)
had plasma bicarbonate levels (14-18 mEq/ 1.) lower than those
on the tank or cuirass (19-27 mEq/l.). Poole-Wilson attributed
this difference to hyperventilation produced by I.P.P.V.,
though a non-respiratory acidosis in these patients could not
be excluded on the data supplied. This distinction could be
made without arterial puncture, which he was naturally
reluctant to use in patients with atrophic arteries.

If hyperventilation is the cause of these low bicarbonate
levels, how does it protect the patient against calculous disease ?
Acute hyperventilation in normal persons causes a rise in
urinary pH,'3 which would be expected to increase the chance
of calculous disease, and this change persists for several
weeks in the dog.'4

However, the long-term effects of hyperventilation on
renal function in man are largely unexplored and J. S.
Elliot and H. E. Todd5 were unable to raise the already high
urinary pH of patients with poliomyelitis by inducing hyper-
ventilation. The long-term effects of ventilation on urinary
pH and excretion of calcium, phosphate, citrate, and mag-
nesium would appear to deserve study. The difficulties of
unravelling this story in a disappearing disease so long after
the initiating events in the surviving patients are obvious, but
the effort would be worthwhile. The mechanisms are probably
very similar after spinal injury, and that disease is likely to stay
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