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Ribavirin treatment for juvenile respiratory papillomatosis
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Abstract
Juvenile respiratory papillomatosis involving the tracheo-bronchial tree imposes a significant management
problem and is sometimes life threatening. The mainstay of treatment is repeated vapourization with a CO2

laser. To date, adjunctive medical treatments have been of limited value. A tracheostomized child with
extensive laryngo-tracheo-bronchial papillomatosis who has required bronchoscopic lasering at two-weekly
intervals for three years was treated with ribavirin, a broad spectrum anti-viral agent. The drug was
administered in nebulized form using a small particle aerosol generator (S.P. A.G.) to the lower respiratory tract
(6 gm/150 ml over nine hours) on three consecutive nights every two weeks over seven weeks and also
administered orally (15 mg/kg/day). Endoscopic assessments were made every two weeks. At 14 days the
papillomata were regressing and far less lasering was required. No further lasering was required up to 56 days.
One month after stopping the ribavirin, however, a few sessile papillomata in the tracheo-bronchial tree had
recurred and were treated with the laser. No adverse reactions were encountered. During the treatment period
there was a significant reduction in the frequency of therapeutic endoscopies. This promising response
requires further evaluation to define the role of ribavirin in the treatment of juvenile respiratory papillomatosis.
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Introduction
The mainstay of treatment for juvenile respiratory papillo-
matosis is repeated vapourization with a CO2 laser. The
aetiology is viral and human papilloma virus (HPV) types
6 and 11 have been associated with the condition (Quiney
etal., 1989; Metcalfe et al., 1989; Kashima et al., 1991).
Surgical treatments are not usually curative and carry
some risk of laryngeal or lower airway scarring. The
multifocal nature of the disease would lend itself well to
an effective medical treatment. Patients with respiratory
papillomatosis may demonstrate reduced immunocompe-
tency (Perrick et al., 1990) and both immunomodulating
agents and anti-viral drugs have been employed. The use
of interferon has been extensively explored (Lundquist et
al., 1984; Benjamin et al., 1988; Leventhal et al., 1988;
Mattot et al., 1990). After initial enthusiasm with its use,
substantial lasting remissions have not been seen at Great
Ormond Street. A multi-centre trial which included these
patients showed that after the first six months of treatment
the benefits of interferon were no longer significant
(Healey et al., 1988). A correlation between the dose of
interferon and the response has been shown (Mullooly et
al., 1988), but this drug is not without adverse effects
(Crockett et al., 1987). Numerous other medical treat-
ments have been given including inosane prenobex
(Immunovir) (Patel et al., 1987), adenine arabinoside
(Hendrickse et al., 1985), lysozyme chlorhydrate (Altmar,
1990), and acyclovir (Aguado et al, 1991; Morrison and
Evans, 1992). While some of these may appear to have
had a beneficial adjuvant effect, none has been established
as having a major role in the treatment of juvenile respir-
atory papillomatosis.

At The Hospital for Sick Children, Great Ormond
Street, a number of young children with aggressive and
life threatening respiratory papillomatosis are treated by
regular CO, laser vapourization. In a search for a new and
effective medical treatment ribavirin (Virizid) was used as
a compassionate trial in one patient.

Ribavirin (1 -beta-D-ribofuranosyl-1,2,4-triazole- 3 car-
boxamide), first synthesized in 1970 and whose parent com-
pound was a product of Streptomyces, has broad antiviral
activity (Sidwell et al., 1972). Activity has been demon-
strated against a range of both RNA and DNA viruses
including influenza A and B, parainfluenza 1 and 3, lassa
fever and respiratory syncytial virus (RSV) (Fernandez et
al., 1986). It is a highly soluble nucleoside, exerting its anti-
viral action after phosphorylation to mono-, di- and triphos-
phate nucleotide structures. It appears to have multiple
antiviral mechanisms and its primary action leads to intra-
cellular virustasis (Eriksson et al., 1977; Goswami et al.,
1979; Smith, 1980; Patterson and Fernandez, 1990). It has
also been demonstrated to inhibit human immunodefi-
ciency virus reverse transcriptase (Fernandez and Patter-
son, 1990). Extensive clinical experience of the drug has
been obtained in the treatment of infants and children with
RSV infections where it is used in high risk patients, on and
off ventilators, with conditions such as cyanotic congenital
heart disease and bronchopulmonary dysplasia, and where
there is immunosuppression (Hall et al., 1985; Mclntosh,
1987; Rodriguez and Parrott, 1987; Englund etal., 1990). In
the main, this drug has been extremely well tolerated especi-
ally by aerosol administration. No previous report has been
found of the use of ribavirin in respiratory papillomatosis.

Ribavirin is available for administration via aerosol
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inhalation, by injection or orally. The pharmacokinetics has
been studied by Fernandez et al. (1986) using radio-
immunoassay. Following oral administration (1,000 mg/
day) plasma concentrations are low (mean 3.1 microMol. at
2.5 hours) but an accumulation does occur in red blood cells
and after continued oral administration amodest fall in hae-
moglobin is often seen (Schulman, 1984). Intravenous
ribavirin (1,000 mg 6 hourly) gives considerably higher
plasma concentrations (mean 94 microMol. after 4 days),
and systemic levels of the drug are very low following aero-
sol administration to the lower respiratory tract (1.1 micro-
Mol. after 5 hours treatment per day). Peak local
concentrations however are very high with tracheal secre-
tion ribavirin concentrations of 1,000-7,000 microMol.

The concept of using aerosol administration directly to
the respiratory papillomata, thereby providing very high
local concentrations of ribavirin without significant
systemic effect, is the natural approach and was therefore
adopted in this trial. Initially, however, treatment was aug-
mented with the administration of oral ribavirin because
of the extensive laryngeal disease which would not
receive the aerosol drug since delivery was through the
tracheostomy in this case.

Ribavirin for aerosol administration and the small par-
ticle aerosol generator (S.P.A.G.) is available in the U.K.
from Britannia Pharmaceuticals Limited under the trade
name 'Virazid'. Ribavirin is available in the oral form
from Antigen Pharmaceuticals Limited, Eire, on a named
patient basis. The intravenous preparation is available
from I.C.N. Pharmaceuticals, Buckinghamshire.

Case Report
A 3'/2-year-old girl (K.W.) had life threatening laryngo-

tracheo-bronchial papillomatosis. She was born premature
at 23 weeks gestation (birth weight 690 gm). She required
ventilatory support for her first 5 months with numerous
failed extubations because of stridor and at this stage a tra-
cheostomy was performed. Laryngeal papillomatosis was
first diagnosed and confirmed histologically when she was
3 months old. By 6 months of age papillomata had spread to
the trachea and bronchi. She required admission for laryn-
goscopy and bronchoscopic diathermy (until the age of 10
months) or bronchoscopic laser treatment (from the age of
10 months) every two to three weeks to control her disease
since the tracheostomy was performed. She underwent
over 80 such procedures in her first 3 years of life. She was
also treated with adjunctive interferon (3 MegaU i.m. injec-
tion three times per week) for 18 months, from the age of
one year, with the additional treatment 2 or 3 MU injections
directly into the laryngeal papillomata on nine occasions
between 16 and 19 months of age. The larynx has been
obliterated by papillomata since the tracheostomy was
fashioned and she received CO2 laser treatment only to the
extensive tracheal and right and left main bronchial papillo-
mata. She has suffered from recurrent Haemophilus influ-
enza and Staphlococcus aureus chest infections and had
two episodes of respiratory arrest requiring emergency
resuscitation within the 6 months immediately prior to
starting ribavirin. A course of oral acyclovir (100 mg five
times per day) was given for 3 months without benefit from
the age of 2/4 years. From 2 years of age she has had some
degree of reversible airways obstruction responding with
limited success to nebulized salbutamol and cromoglycate.

Her weight has remained just below the third percentile all
her life.

In spring 1992, when 3 years and 5 months old, she was
commenced on ribavirin by both the oral and the inhaled
route. The oral dose was 100 mg b.d. (based upon 15 mg/
kg/day) and the aerosol dosage was 6 gm ribavirin dis-
solved in a final volume of 150 ml water (concentration,
40 mg/ml) delivered using a small particle aerosol gener-
ator (S.P.A.G.) through her tracheostomy over nine hours
overnight. The circuit was open at the tracheostomy
(Fig. 1), the aerosol being delivered at pressure of 26 psig
at 12.5 1/min through a tracheostomy mask positioned
over the tracheostomy. The room was well ventilated. This
treatment was repeated on three consecutive nights every
14 days for 7 weeks. A total of 12 overnight aerosol
administrations (3 nights x 4) were given. Full blood
count, urea and electrolytes and liver function tests were
monitored prior to starting treatment and every 14 days
thereafter. Laryngoscopy and bronchoscopy under
general anaesthesia was performed every two weeks as
before with laser vapourization where required and video
photography to help with subsequent objective assess-
ment of response. In the two months prior to ribavirin
treatment there had been a need for bronchoscopic laser-
ing to the trachea and both right and left main bronchi
every twoweeks for aggressive papillomatosis. On the first
endoscopy, two weeks into her treatment there was
already an improvement in the appearance of the disease
but lasering was carried out. On the subsequent two endo-
scopies over the next four weeks, following continued
ribavirin administration, there was a convincing further
reduction in papillomatosis to such an extent that no laser-
ing was required at all. On the next endoscopy three weeks
later and 25 days after the last treatment of ribavirin some
lasering was again required around the stoma. Throughout
this time, however, the laryngeal disease remained very
extensive, suggesting no significant response to the
systemic oral ribavirin. Throughout the treatment the full
blood count, urea and electrolytes and liver function tests
remained within normal limits, with no drop in blood
count or haemoglobin and no adverse effects noted. The
dissolved aerosol ribavirin however was noted to crys-
tallize out during administration leaving a deposit around
the face mask and within the tracheostomy tube. Close
observation was therefore required during administration

FIG. 1

Ribavirin aerosol administration via the tracheostomy.
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and occasional tracheal tube suction was applied to ensure
there was no tube obstruction.

Subsequent scrutiny of video recordings of the trachea
and bronchial tree and operative records confirmed a sub-
stantial reduction in the papillomata which were initially
florid and tending to obstruct the main bronchi and sub-
sequently showed regression to flat sessile non obstructive
lesions despite only one episode of lasering early in the
treatment period. This was a marked reduction in the
aggression of the papillomata compared with their con-
sistent behaviour over the previous year. Following with-
drawal of ribavirin treatment regular endoscopies were
continued with lasering as required and over the next three
months the papillomatosis again became more aggressive
with a tendency to occlude the airway both in the trachea
and main bronchi.

Discussion
This investigation into the treatment of juvenile respir-

atory papillomatosis has involved the pilot trial of ribavi-
rin to one child with severe disease of the lower
respiratory tract. It is difficult to achieve a satisfactory
controlled study for treatment of this condition. The main-
stay of treatment is at present repeated CO2 laser vapour-
ization, and therefore any new medical treatment must be
applied as an adjunct to this, making strict assessment of
response to the drug difficult. By comparing the severity
of the papillomata for a long period prior to commencing
treatment, throughout administration and then after with-
drawal of any new drug, the patient acts as her own con-
trol. It must be acknowledged that the fluctuant natural
history of the condition means that small variations in the
extent of disease may not be the result of any specific new
treatment. Nevertheless, scrutiny of the results of ribavirin
administration, in as objective a fashion as possible, util-
izing endoscopic videotape comparisons suggests a start-
ling response to this agent. This patient had consistently
required substantial tracheobronchial lasering every two
weeks for much of her life even with long term adjunctive
interferon. Shortly after ribavirin was given, however, the
papillomata became sessile and no lasering was required
at all over eight weeks. Following withdrawal of treat-
ment, disease resurgence was observed once again. This
strongly suggests a genuine beneficial effect of ribavirin
on juvenile papillomatosis.

No toxicity or adverse effects were evident throughout
or after this oral and aerosol inhaled regimen of ribavirin
administration. Blood count was closely monitored since
ribavirin triphosphate is known to accumulate in erythro-
cytes even following aerosol administration (Englund et
al., 1990) and anaemia has been reported following
systemic administration (Schulman, 1984). There was no
significant change detected however in any of the indices
of a full blood count including red cell count, haemoglo-
bin concentration, platelet count or white cell count
during therapy. Similarly urea, electrolytes and liver func-
tion tests remained within the normal range. Progressive
deposits of crystallized ribavirin were noted to precipitate
out on the face mask supplying the drug and in the inside
of the tracheostomy tube during administration. This did
not cause any tube obstruction but clearly it is a potential
hazard and close observations with suction to clear
deposits as necessary is required with this form of admin-

istration. This phenomenon has been previously reported
(Rodriguez and Parrott, 1987; Englund et al., 1990) and
Rodriguez and Parrott (1987) suggest greatly reducing the
drying air supply of the S.P.A.G. to avoid this complica-
tion. Most other potential side effects are only seen in
severely ill patients with underlying cardio-respiratory
disease and as such a causal relationship has not been
firmly established with ribavirin. They include aggrava-
tion of bronchospasm, pneumonia, pneumothorax (in ven-
tilated patients), apnoea, ventilatory dependence, cardiac
arrest, hypotension, digitalis toxicity, rash and conjunctiv-
itis (Rodriguez and Parrott, 1987). One case of death has
been reported in which an infant with RSV infection and a
septal defect with patent ductus arteriosus suffered a dra-
matic decrease in oxygenation immediately following
administration of inhaled ribavirin. It is postulated that
ribavirin brought about an increase in pulmonary arterial
pressure and an increased shunting of blood in this per-
sistent fetal circulation (Cosgrove et al., 1989).

Fetal malformations have been documented after oral
administration of ribavirin to pregnant rodents and rabbits
(Kilham and Ferm, 1977) and this has led to understand-
able concern about a possible risk of teratogenic effects on
hospital personnel in contact with inhaled ribavirin
(Guglielmo et al., 1989; Bradley et al, 1989; Gladu and
Ecobichon, 1989). No skeletal malformations were
observed however in baboons treated with the drug orally
(Hillyard, 1980). When ribavirin is administered by aero-
sol with an open circuit, substantial amounts of it may
escape into the air around the patient and both visitors and
staff caring for the infant may be exposed to the drug, pri-
marily by inhalation. Ribavirin has been detected in room
air during its administration to patients via an oxygen tent.
Urine and blood sampling from ten exposed personnel
however detected ribavirin (0.44 micrograms/ml) in only
one red blood cell specimen from one exposed nurse (Har-
rison et al, 1988). In another study (Rodriguez et al.,
1987), blood and urine were assayed for ribavirin in 19
nurses caring for children receiving ribavirin and none of
the drug was detected in 30 samples obtained over three
days of exposure. There have been no reported cases of
developmental toxicities associated with ribavirin use in
humans. To minimize risks to personnel, however, a
simple containment system consisting of a canopy tent
with mist and suction using a standard wall suction unit,
has been recommended by Torres et al. (1991) and
appears effective. They also recommended discontinuing
the administration of ribavirin for five minutes while con-
tinuing suction to rapidly reduce ambient ribavirin prior to
attending the patient where possible. Gladu and Eco-
bichon (1989) also suggest the use of a tent and point out
that added protection could be provided by the use of sur-
gical gloves and a respirator by attending personnel. The
ribavirin exposure to personnel in their study fell well
below their calculated estimates of a human safe exposure
level of 1.2 mg/kg body weight. At The Childrens Hospi-
tal, Boston, USA, even more stringent precautions are
taken (Fackler et al., 1990). Given the possible potential
risk of teratogenesis in humans it is clearly sensible for
anyone who is known to be or likely to be pregnant to
avoid caring for a patient being treated with ribavirin aero-
sol. In the case we report above the drug was administered
via a tracheostomy mask within an oxygen tent in a well-
ventilated side room. The patient did not cooperate fully
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with the use of the tent zipped closed throughout adminis-
tration and no suction or exhaust air ducting was
employed. Any hospital prescribing ribavirin should
adopt their own guidelines for its safe administration. On
the available evidence, with sensible precautions, the risk
to personnel appears very small indeed.

In conclusion, while the improvement seen in papillo-
matosis following ribavirin treatment to a single patient is
not proof of the drug's efficacy, the apparent response was
sufficiently encouraging to suggest the need for a trial,
possibly in multiple centres, on a large number of patients
with juvenile respiratory papillomatosis.

References
Aguado, L. A., Pinero, B. P., Betancor, L., Mendez, A., Banales, E.

C. (1991) Acyclovir in the treatment of laryngeal papillomatosis.
International Journal of Paediatric Otorhinolaryngology, 21:
269-274.

Altmar, Rios. J. (1990) Lysozyme in the treatment of juvenile laryn-
geal papillomatosis. A new concept in its aetiopatheogenesis. Ana-
les Otorrinolaringologicos Ibero-Americanos, 17 (5): 495-504.

Benjamin, B. N., Gatenby, P. A., Kitchen, R., Harrison, H., Came-
ron, K., Basten, A. (1988) Alpha-interferon (Wellferon) as an
adjunct to standard surgical therapy in the management of recur-
rent respiratory papillomatosis. Annals of Otology, Rhinology and
Laryngology, 94 (4 pt 1): 376-380.

Bradley, J. S., Bastian, J. F., Connor, J. D. (1989) The exposure of
health care workers to ribavirin aerosol. Journal of the American
Medical Association, 262: 1948.

Cosgrove, M., Jenkins, H. R., Rowlandson, P. H., Gray, O. P. (1989)
Idiosyncratic reaction to nebulized ribavirin in an artificially ven-
tilated neonate (letter). Journal of Infection, 19 (1): 85-86.

Crockett, D. M., McCabe, B. E, Lusk, R. P., Mixon, J. H. (1987) Side
effects and toxicity of interferon in the treatment of recurrent res-
piratory papillomatosis. Annals of Otology Rhinology and Laryn-
gology, 96 (5): 601-607.

Englund, J. A., Piedra, P. A., Jefferson, L. S., Wilson, S. Z., Taber, L.
H., Gilbert, B. E. (1990) High dose short duration ribavirin aero-
sol therapy in children with suspected respiratory syncytial virus
infection. The Journal of Paediatrics, 117 (2): 313-320.

Eriksson, B., Helgstrand, E., Johannson, N. (1977) Inhibition of
influenza virus ribonucleic acid polymerase by ribavirin triphos-
phate. Antimicrobial Agents and Chemotherapy, 11 (6): 946—951.

Fackler, J. C , Flannery, K., Zipkin, M., Mclntosh, K. (1990) Precau-
tions in the use of ribavirin at The Childrens Hospital, Letter to the
editor. The New England Journal of Medicine, 332 (9): 634.

Fernandez, L. R., Patterson, J. L. (1990) Ribavirin is an inhibitor of
human immunodeficiency virus reverse transcriptase. Molecular
Pharmacology, 38 (6): 766-770.

Fernandez, H., Banks, G., Smith, R. (1986) Ribavirin: a clinical
overview. European Journal of Epidemiology, 2 (March): 1-14.

Gladu, J. M., Ecobichon, D. (1989) Evaluation of exposure of health
care personnel to ribavirin. Journal of Toxicology and Environ-
mental Health, 28: 1-12.

Goswami, B., Borek, E., Sharma, O., Fujitaki, J., Smith, R. A.
(1979) The broad spectrum anti-vitral agent ribavirin inhibits cap-
ping of mRNA. Biochemical and Biophysical Research Com-
munications, 89: 830.

Guglielmo, B. J., Jacobs, R. A., Locksley, R. M. (1989) The expo-
sure of health care workers to ribavirin aerosol. Journal of the
American Medical Association, 261: 1880-1881.

Hall, C. B., McBride, J. T, Gala, C. L., Hildreth, W. S. (1985) Riba-
virin treatment of respiratory syncytial viral infection in infants
with underlying cardiopulmonary disease. Journal of the
American Medical Association, 254: 3047-3051.

Harrison, R., Bellows, J., Rempel, D. (1988) Assessing exposures of
health care personnel to aerosols of ribavirin: California. Mor-
bidity and Mortality Weekly Report (Atlanta, Ga.), 37: 560-563.

Healey, G. B., Gelber, R. D., Trowbridge, A. L., Grundfast, K. M.,
Ruben, R. J., Price, K. N. (1988) Treatment of recurrent respir-
atory papillomatosis with human leucocyte interferon. Results of
multi centre randomized clinical trial. New England Journal of
Medicine, 319 (7): 401-407.

Hendrickse, W. A., Irwin, B. C , Levinsky, R. J., Bailey, C. M.,
Evans, J. N. G. (1985) Treatment of respiratory papillomatosis

with adenine arabinoside. Archives of Disease in Childhood, 60:
374-376.

Hillyard, I. (1980) The preclinical toxicology and safety of ribavirin.
In Smith, W., Kirkpatrick, W. (eds.) Ribavirin: A broad spectrum
antiviral agent. Academic Press, New York, p. 59-71.

Kashima, H. K., Kessis, T., Mounts, P., Shah, K. (1991) Polymerase
chain reaction identification of human papillomavirus DNA in
CO2 laser plume from recurrent respiratory papillomatosis. Oto-
laryngology, Head and Neck Surgery, 104 (2): 191-195.

Kilham, L., Ferm, V. (1977) Congenital anomalies induced in ham-
ster embryos with ribavirin. Science, 195: 413^4-14.

Leventhal, B. G., Kashima, H. K., Week, P. W., Mounts, P., Whis-
nant, J. K., Clark, K. L., Cohen, S., Dedo, H. H., Donovan, D. J.,
Fearon, B. W. (1988) Randomized surgical adjuvant trial of inter-
feron alfa-nl in recurrent papillomatosis. Archives of Otolar-
yngology. Head and Neck Surgery, 114 (10): 1163-1169.

Lundquist, Per-G., Haglund, S., Carlsoo, B., Strander, H., Lungren,
E. (1984) Interferon therapy in juvenile laryngeal papillomatosis.
Otolaryngology, Head and Neck Surgery, 92 (4): 386-391.

Mattot, M., Ninane, J., Hamoir, M., Moulin, D., Mustin, V., Ver-
mylen, C , Cornu, G. (1990) Combined CO2 laser and alfa recom-
binant interferon treatment in five children with juvenile laryngeal
papillomatosis. Ada Clinica Belgica, 45 (3): 158-163.

Mclntosh, K. (1987) Respiratory syncytial virus infections in infants
and children: Diagnosis and treatment. Paediatrics in Review
(Evanston, II.), 9 (6): 191-196.

Metcalfe, L., Chen, S. L., Mounts, P. (1989) Structural analysis of
human papillomavirus type 6c isolates from condyloma acu-
minata and juvenile-onset and adult-onset papillomata. Virus-
Genes, Sep, 3 (1): 11-27.

Morrison, G. A. J., Evans, J. N. G. (1993) Juvenile respiratory papil-
lomatosis: Acyclovir reassessed. International Journal of Pae-
diatric Otorhinolaryngology, 26: 193-197.

Mullooly, V. M., Abramson, A. L., Steinberg, B. M., Horowitz, M. S.
(1988) Clinical effects of alpha-interferon dose variation on
laryngeal papillomatosis. Laryngoscope, 98 (12): 1324—1329.

Patel, P., Gemmell, R., Carruth, J. (1987) Inosane pranobex in recur-
rent laryngeal papillomatosis. Journal of Laryngology and Otol-
ogy, 101: 1306-1307.

Patterson, J. L., Fernandez, L. R. (1990) Molecular mechanisms of
action of ribavirin. Review of Infectious Diseases, 12 (6):
1139-1146.

Perrick, D., Wray, B. B., Leffel, M. S., Harmon, J. D., Porubsky, E.
S. (1990) Evaluation of immunocompetency in juvenile laryngeal
papillomatosis. Annals of Allergy, 65 (1): 69-72.

Quiney, R. E., Wells, M., Lewis, F. A., Terry, R. M., Michaels, L.,
Croft, C. B. (1989) Laryngeal papillomatosis: correlation
between severity of disease and presence of HPV 6 and 11
detected by in situ DNA hybridization. Journal of Clinical pathol-
ogy, 42 (7): 694-698.

Rodriguez, W. J., Parrott, R. H. (1987) Ribavirin aerosol treatment
of serious respiratory syncytial virus infection in infants. Infec-
tious Disease Clinics of North America, 1 (2): 425^439.

Rodriguez, W. J., Dang Bui, R. H., Connor, J. D., Burch, B. (1987)
Environmental exposure of primary care personnel to ribavirin
aerosol when supervising treatment of infants with respiratory
syncytial virus infections. Antimicrobial Agents and Chemo-
therapy, 31: 1143-1146.

Schulman, N. R. (1984) Clinical Applications of Ribavirin. New
York: Academic Press, p. 79.

Sidwell, R. W., Huffman, J. H., Khare, G. P. (1972) Broad spectrum
antiviral activity of Virazole: beta-D-ribofuranosyl-1, 2,4-tri-
azole-3-carboxamide. Science, \11: 705-706.

Smith, R. A. (1980) Mechanisms of action of Ribavirin. In Ribavirin
a Broad Spectrum Antiviral Agent. Smith, R. A., Kirkpatrick, W.,
eds., New York: Academic Press, p. 99.

Torres, A. (Jnr), Krilov, L. R., Jacobson, J. M., Kelly, K. J., Havens,
P. L. (1991) Reduced environmental exposure to aerosolized riba-
virin using a simple containment system. Paediatric Infectious
Disease Journal, 10 (3): 217-221.

Address for correspondence:
Mr G. A. J. Morrison,
29 Marney Road,
London SW11 5EW.

https://doi.org/10.1017/S0022215100123321 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215100123321

