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Case Studies

Aerosolized Ribavirin—Exposures and Controls

Case Report by John Decker

Introduction

The administration of pharmaceuti-
cal aerosols is rapidly expanding in
medicine. Asthma, chronic obstructive
pulmonary disease, and pulmonary in-
fections are frequently treated with
aerosols of sympathomimetics, beta-
agonists, corticosteroids, and antimi-
crobials. The advantages to the patient
include rapid onset of therapeutic ac-
tion, optimized delivery of the drug to
the site of action, and reduction in un-
wanted systemic side-effects. Aerosol
delivery, however, results in increased
exposure to the health care worker
(HCW), compared with other admin-
istration routes. The difficulty in con-
trolling the spread of aerosols, along
with their small particle size, contrib-
utes to the risk of occupational
exposure.

Much of the concern about occu-
pational exposure to pharmaceutical
aerosols has centered around the use
of ribavirin. In response to a request
for a Health Hazard Evaluation, Na-
tional Institute for Occupational Safety
and Health (NIOSH) investigators con-
ducted an evaluation of HCW exposure
to ribavirin in relation to engineering
controls, work practices, and method
of administration.

Background

Ribavirin is a synthetic nucleoside
used to treat severe respiratory syn-
cytial virus (RSV) pneumonia in infants
and children.(" Aerosolized ribavirin
(AR) is produced by the drug manu-
facturer’s Small Particle Aerosol Gen-
erator® (SPAG-2®). The aerosol can be
delivered to the patient by a variety of
methods, including head-hood, mist or
croup tent, oxygen hood, or direct
coupling to tracheotomy. The small
particle size (1.0-1.3 pm mass median
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diameter) of the aerosol permits deep
penetration of the drug into the pa-
tient’s lungs.( Treatment is carried out
for 12 to 24 hours per day, generally
for 3 to 5 days.

Ribavirin has known teratogenic ac-
tivity in several species. Ribavirin was
teratogenic and embryolethal in rats,
mice, and hamsters, and it was embry-
olethal in rabbits.(3-9) A single primate
study, however, did not show terato-
genic effects.(7? Three studies in rats
showed degenerative or histopatho-
logic testicular effects. Eight other
studies in rats, mice, dogs, and mon-
keys induced no testicular effects.(®)
Ribavirin has not been linked to fetal
abnormalities in humans; however,
given the wide spectrum of teratogenic
potential in several animal species,
avoidance of ribavirin prior to preg-
nancy, during pregnancy, and during
lactation has been recommended.® Eye
irritation and contact lens damage have
been reported in employees admin-
istering the drug.(1®

The adverse reproductive effects seen
in animal studies have raised concerns
among HCWs who administer ribavi-
rin; many of these workers are in their
reproductive years. At present, the po-
tential health effects of long-term oc-
cupational exposure to ribavirin are
unknown. The toxicological data avail-
able for AR are currently insufficient
to conduct an assessment of occupa-
tional health risks. (1 No exposure
standard for AR has been recom-
mended by NIOSH, the Occupational
Safety and Health Administration
(OSHA), or the American Conference
of Governmental Industrial Hygienists
(ACGIH).

Experimental Methods

Personal air monitoring for AR was
conducted in conjunction with the fol-
lowing administration methods: ICN
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Aerosol Delivery Hood® (ADH®) with
ICN evacuation device in operation,
ADH enclosed by the Demistifier®
scavenging tent, croup tent, and direct
coupling to a ventilator. The ADH is
the administration device supplied by
the drug manufacturer. The Demisti-
fier scavenging tent exhausts air out of
a plastic tent through a high-efficiency
particulate air (HEPA) filter into
the room.

Personal samples were collected in
the workers’ breathing zone. Full-shift
samples were generally collected from
nurses who provided care continually
throughout their shift. Short-term sam-
ples were generally collected from re-
spiratory therapists (RTs), who pro-
vided intermittent care, approximately
four times per shift. Since most of the
HCWs wore disposable respirators, ac-
tual exposures were probably less than
the breathing zone concentrations.

Air sampling for ribavirin was con-
ducted according to NIOSH Method
5027, utilizing 37-mm diameter, 1.0 wm
pore glass fiber filters. (12’ Ribavirin was
collected on the filters at a flow rate
of 2.0 L/min for full-shift personal and
area samples. A flow rate of 3.0 L/min
was utilized for the short-term samples.

The glass fiber filters containing ri-
bavirin were extracted with 3 ml sul-
furic acid (pH = 2.5) in an ultrasonic
bath and analyzed by high-performance
liquid chromatography (HPLC) using a
cation exchange resin column. The
HPLC was equipped with an ultraviolet
detector set at 210-nanometers wave-
length. Two sets of samples were sub-
mitted to the laboratory. The reported
limits of detection were 0.3 and 1 pg/
sample; the limits of quantitation were
0.8 and 3.1 pg/sample.

Ventilation measurements indicated
that the treatment rooms, which were
exhausted directly to the outside,
ranged from 10 to 19 air changes per
hour. Smoke tests indicated that the
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rooms varied from negative to positive
pressure with respect to the adjacent
hallway.

Hospital policy for ribavirin admin-
istration mandated that the aerosol
generator was to be turned off 5 min-
utes prior to opening the administra-
tion hood or tent. Employees were also
required to wear isolation gowns, shoe
covers, latex gloves, and high-efficiency
disposable respirators while working
in the treatment rooms. Adherence to
these procedures was variable. Some
HCWs wore surgical masks instead of
the hospital-supplied respirators. Some
of the staff had not been fit-tested or
trained in the use of respirators.

Results and Observations

Table I shows the personal air mon-
itoring results for AR. The use of the
scavenging tent, which enclosed the
ADH, lowered personal exposures for
both nurses and RTs. The full-shift, mean
time-weighted average personal ex-
posure for nurses was 4.4 pg/m3 with
the use of the scavenging tent, versus
24.9 ug/m3 without the scavenging tent.
The full-shift sample for RTs was below
the limit of detection with the scav-
enging tent, versus 5.9 pg/m3 without
the scavenging tent. An RT also had

comparatively low exposures (<7.4-
<12.1 pg/m3) in conjunction with the
ADH alone. This individual was in the
habit of turning off the aerosol gen-
erator and leaving the room for 10 to
15 minutes before starting his work.
During the 10- to 15-minute time pe-
riod, a large percentage of AR was
probably removed by the room ven-
tilation system, which provided a mea-
sured 19 air changes per hour.

Comparatively low exposures (full-
shift mean of 4.3 wg/m3 for nurses)
occurred with the ventilator adminis-
tration. This finding was not unex-
pected since the pediatric ventilator was
essentially a closed system with a filter
on the exhalation circuit.

The highest full-shift personal ex-
posure (78.0 pg/m3) was collected from
a nurse caring for two children, one
child treated with the ADH alone and
one in the ADH enclosed by the De-
mistifier scavenging tent. The nurse
spent proportionally more time in the
treatment rooms and did not always
turn off the aerosol generator 5 min-
utes before opening the head hood.
The highest short-term exposures
(means of 58.1 and 77.0 pg/m3) oc-
curred with the croup tent, which was
reasonable to expect since a substan-
tial amount of ribavirin remained in-

TABLE I. Aerosolized Ribavirin Personal Exposure Concentrations
Number Mean of

Administration Job of Range of Conc. Conc.

Method Category Samples Sample Type (ng/map (ng/ma3)e
ADH + tent¢ Nurses 8 Full-shift ND-13.20 44
ADH + tent Nurses 2 Short-term 11.9-13.9 129
ADH + tent RTE 1 Full-shift ND ND
ADH + tent RTs 6 Short-term 8.3-55.5 22.0
Croup Tent Nurses 4 Full-shift 12.0-28.2 229
Croup Tent Nurses 2 Short-term 58.8-95.2 77.0
Croup Tent RTs 4 Short-term 33.3-83.3 58.1
ADH alone &

ADH + tent Nurse 1 Full-shift 78.0 78.0
ADH alone Nurses 2 Full-shift 18.7-31.0 249
ADH alone RTs 2 Short-term <7.4-<121 <121
ADH alone RT 1 Full-shift 59 59
Bear Cub®
Ventilator Nurses 3 Full-shift <33-48 43
Bear Cub®
Ventilator RTs 3 Short-term ND ND

A“Range of Conc." refers to the range in concentrations of the individual samples, expressed in micrograms per

cubic meter (ug/ms3).

B“Mean of Conc.” refers to the mean of the individual samples.

C'ADH + tent" refers to an Aerosol Delivery Hood® enclosed by the Peace Medical Demistifier® Isolation tent.
This scavenging tent was placed over the ADH. The ADH did not have the ICN evacuation apparatus connected.
D“ND" means nondetected. ND concentrations were treated as zero for calculating the “Mean of Conc.”

E“RTs" signifies respiratory therapists.
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side the relatively large tent when
opened by the HCW.

Two 5-minute samples collected in-
side the ADH were less than the ex-
pected concentration of 190 mg/m3 AR,
specified by the drug manufacturer.(13)
The concentrations were 64 and 78
mg/m3 AR with the nebulizer air flow
set at 7 L/min. Other investigators have
found that AR concentrations within the
administration hood vary as a function
of time and nebulizer air flow.(2> Mea-
sured AR concentrations within the
administration hood might also vary
depending on the sampling method and
location of the sampling probe within
the administration hood.

When the treatment rooms were un-
der positive pressure, ribavirin was de-
tected at the nurses’ station located
across the hallway from the ribavirin
treatment rooms. The HCWs wore res-
pirators only while working in the
treatment room.

Conclusions

Variables that can affect health care
workers’ exposure to AR include the
method of administration, use of scav-
enging devices, and implementation of
certain work practices, such as turning
off the SPAG-2 before opening the
administration device. Although pa-
tient care considerations typically de-
termine the route of ribavirin admin-
istration, hospital staff should be aware
that in this study, exposures to per-
sonnel were greatest when ribavirin
was administered by croup tent, less
by ADH, and least with the ventilator
or ADH in conjunction with a scaveng-
ing tent. Full-shift breathing-zone con-
centrations among nurses appeared to
be related to the amount of time spent
in the treatment room, which is de-
pendent on the severity of the patient’s
illness and the number of children
treated at a time. The RTs generally
spent less time than the nurses pro-
viding treatment to the children, and
the two full-shift samples collected from
RTs were less than the corresponding
mean breathing-zone concentrations
from nurses. Other factors that may af-
fect exposure (not fully evaluated here)
include the concentration of AR gen-
erated by the SPAG-2 and room ventila-
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tion rates.

Recommendations

Although reproductive effects have
not been documented in humans, steps
to reduce unnecessary HCW exposure
are appropriate. The following rec-
ommendations are offered to mini-
mize exposure of HCWs and other in-
dividuals who may enter rooms where
ribavirin is administered.

1. Training programs should be de-
veloped to educate health care
workers about potential risks of ri-
bavirin exposure. Education should
not be limited to direct care per-
sonnel but should include ancillary
personnel such as phlebotomists,
housekeepers, maintenance staff, and
others who enter the room during
treatment or who must clean con-
taminated rooms, waste, and bed-
ding. The staff should be educated
to recognize situations that could
result in increased occupational ex-
posure. Pregnant and lactating HCWs
and HCWs who are not actively
avoiding pregnancy should be
counseled about risk reduction
strategies. Family members and vis-
itors should be notified of potential
health effects.

2. Various ribavirin administration and
scavenging systems result in differ-
ent levels of environmental contam-
ination. All administration systems
should include a mechanism to re-
duce environmental exposures to
ribavirin. It is the responsibility of
hospital administration to imple-
ment more effective control mea-
sures as they become available.
Administration and scavenging
equipment should be maintained
and visually inspected on a regular
basis.

3. Rooms where ribavirin is adminis-
tered should conform to the Amer-
ican Institute of Architects recom-
mendations for isolation rooms.(14
Rooms should provide a minimum
of 6 total air changes per hour and
should be under negative pressure.
Room air should be exhausted to
the outside rather than recirculated
to other areas of the hospital.

4. Air pressure in the ribavirin treat-
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ment rooms should be evaluated
before therapy begins and daily
thereafter. This can be accom-
plished by observing the direction
of airflow at the doorway by holding
a piece of tissue paper at the cracked
doorway.

. The aerosol generator should be

turned off for a minimum of 5 min-
utes prior to the HCW entering the
room to provide routine care. This
could be accomplished by place-
ment of a remote switch outside the
room.

. During aerosol therapy, ribavirin

precipitate is deposited on the pa-
tient and on the surrounding area.
Care should be taken when ribavirin-
contaminated clothing, bedding, or
equipment is handled to prevent the
dust from becoming airborne. Al-
though dermal absorption is not
thought to be significant, dermal ex-
posure should be avoided to pre-
vent unintentional oral ingestion or
ocular contact. The use of personal
protective equipment, including
gloves, gowns, and goggles, should
be considered.

. Ribavirin has been found to deposit

on contact lenses; therefore, HCWs
should be discouraged from wear-
ing lenses when working with
ribavirin,

. Individual hospitals may choose to

use respirators to further reduce
HCW exposure to ribavirin. High-
efficiency air-purifying respirators
approved by NIOSH/MSHA (Mine
Safety and Health Administration)
and assigned to employees based
on the results of quantitative fit tests
have been found by in-mask sam-
pling to reduce exposure to aero-
solized ribavirin to the limit of de-
tection of the analytical method.(+5)
By OSHA standard, respirator use
must take place within the context
of a respiratory protection program
that includes evaluation of worker
fitness to use a respirator, training,
fit testing, and maintenance. Sur-
gical masks should not be relied
upon to provide personal protec-
tion from occupational exposure to
ribavirin.(16)

. In order to help reduce exposure

of HCWs to ribavirin, medically un-

necessary use of it should be avoided.
Accordingly, medical staff should
remain mindful of the American
Academy of Pediatrics’ recommen-
dations and other current knowl-
edge regarding ribavirin therapy.(1”

References

1.

10.

11.

12.

13.

14.

15.

16.

APPL. OCCUP. ENVIRON. HYG. 7(3) -

U.S. Food and Drug Administration: Ribavi-
rin Aerosol Approved for Severe Cases of
RSV in Infants and Young Children. FDA Drug
Bull. 16(1):7 (1986).

. Arnold, S.; Buchan, R.: Exposure to Ribavirin

Aerosol. Appl. Occup. Environ. Hyg, 6(4):271-
279 (1991).

. Kilham, L.; Ferm, V.H.: Congenital Abnor-

malities Induced in Hamster Embryos with
Ribavirin. Science 195:413-414 (1977).

. Hillyard, 1.W.: The Preclinical Toxicology and

Safety of Ribavirin. In: Ribavirin: A Broad
Spectrum Antiviral Agent. RA. Smith and W.
Kirkpatrick, Eds. Academic Press, New York
(1980).

. Ferm, V.H,; Willhite, C.; Kilham, L.: Terato-

genic Effects of Ribavirin on Hamster and
Rat Embryos. Teratology 17:93-102 (1978).

. Kochhar, D.M,; Penner, J.D.; Knudsen, T.B.:

Embryotoxic, Teratogenic, and Metabolic Ef-
fects of Ribavirin in Mice. Teratol. Appl. Phar-
macol. 52:99-112 (1980).

. Gallagher, R,; Givan, N.; Hazelden, K ; et al.:

Teratogenicity Testing in Baboons of Vira-
zole®. Report from ICN Pharmaceuticals
(March 1977).

. Marks, M.I.: Adverse Drug Reactions: United

States Experience II. Pediatr. Infect. Dis. J.
9:5117-5118 (1990).

. Waskin, H.: Toxicology of Antimicrobial

Aerosols: A Review of Aerosolized Ribavirin
and Pentamidine. Respir. Care 36:1026-1036
(1991).

Diamond, S.A.; Dupuis, LL.: Contact Lens
Damage Due to Ribavirin Exposure (letter).
Drug. Intell. Clin. Pharm. 23:428-429 (1989).
Matlock, D.; Buchan, RM,; Tillery, M.: A Local
Exhaust Ventilation System to Reduce Air-
borne Ribavirin Concentrations. Am. Ind. Hyg.
Assoc. J. 52(10):428-432 (1991).

National Institute for Occupational Safety and
Health: NIOSH Manual of Analytical Meth-
ods, 3rd ed. DHHS (NIOSH) Pub. No. 84-100.
NIOSH, Cincinnati, OH (1984).
Schumacher, M.M.; Dowd, A.; (Eds.): 1992
Physicians Desk Reference. Medical Eco-
nomics Data, Montvale, New Jersey (1992).
American Institute of Architects: Guidelines
for Construction and Equipment of Hospital
and Medical Facilities. The American Insti-
tute of Architects Press, Washington, DC
(1987).

National Institute for Occupational Safety and
Health: Health Hazard Evaluation, HCA Wes-
ley Medical Center. DHHS (NIOSH) Pub. No.
91-155. NIOSH, Cincinnati, OH (1991).
Tuomi, T.: Face Seal Leakage of Half Masks
and Surgical Masks. Am. Ind. Hyg. Assoc. J.
46:308-312 (1985).

MARCH 1992



17. American Academy of Pediatrics, Committee
on Infectious Diseases: Ribavirin Therapy of
Respiratory Syncytial Virus. Pediatrics 79:475-
478 (1987).

Editorial Note: John Decker is with the
Hazard Evaluations and Technical As-
sistance Branch of NIOSH. More in-
formation may be obtained by con-
tacting the author at 4676 Columbia
Parkway, Cincinnati, Ohio 45226; tele-
phone (800) 35-NIOSH.
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