
COMMENTARIES Latex-allergic patients

1822 Am J Health-Syst Pharm—Vol 62  Sep 1, 2005

C O M M E N TA R I E S

ROBERT G. HAMILTON, PH.D., D.ABMLI, is
Professor of Medicine and Pathology and Di-
rector of the Johns Hopkins University Der-
matology, Allergy and Clinical Immunology
Reference Laboratory, Division of Allergy and
Clinical Immunology, Department of Medi-
cine; and ROBERT H. BROWN, M.D., M.P.H., is
Professor of Anesthesiology and Critical Care
Medicine, School of Medicine, Johns Hopkins
University (JHU), Baltimore, MD. MICHAEL
A. VELTRI, PHARM.D., is Clinical Specialist;
and E. ROBERT FEROLI, PHARM.D., is Director
of Regulations and Safety, Department of
Pharmacy, Johns Hopkins Hospital, Balti-
more. MARIE NOEL PRIMEAU, M.D., is Aller-
gist, Hospital Sainte-Justine, Montreal, Que-
bec, Canada. JAMES F. SCHAUBLE, M.D., is
Professor of Anesthesiology and Critical
Care Medicine, School of Medicine, JHU. N.
FRANKLIN ADKINSON, JR., M.D., is Professor
of Medicine, Division of Allergy and Clinical
Immunology, Department of Medicine,

School of Medicine, JHU.
Address correspondence to Dr. Hamilton

at Johns Hopkins Asthma and Allergy Center,
5501 Hopkins Bayview Circle, Baltimore, MD
21224 (rhamilt@jhmi.edu).

The following additional members of the
Johns Hopkins Latex Task Force are acknowl-
edged for their contributions to this paper:
Kathleen M. Hale, B.S., Jay M. Frerotte, M.S.,
Colleen Cusick, R.N., Carla Gill, M.B.A., and
Deborah Dang, R.N.

Supported by internal Johns Hopkins
University funds, grant 1-RO1-AI43654
from the National Institutes of Health, and
grant S1208 from the Centers for Disease
Control and Prevention.

Copyright © 2005, American Society of
Health-System Pharmacists, Inc. All rights re-
served. 1079-2082/05/0901-1822$06.00.

DOI 10.2146/ajhp050021

Administering pharmaceuticals to latex-
allergic patients from vials containing

natural rubber latex closures
ROBERT G. HAMILTON, ROBERT H. BROWN, MICHAEL A. VELTRI,
E. ROBERT FEROLI, MARIE NOEL PRIMEAU, JAMES F. SCHAUBLE,

AND N. FRANKLIN ADKINSON, JR.

Am J Health-Syst Pharm. 2005; 62:1822-7

Natural rubber latex derived
from the Hevea brasiliensis tree
is widely used in the manufac-

turing of packaging for pharmaceuti-
cals and medical products because of
its excellent elasticity and durability.
In 1991, the Food and Drug Admin-
istration (FDA) issued a medical alert
on natural rubber latex allergy.1

From that point forth, latex allergy
has remained an established health
problem, with a reported frequency
in the 1990s of 1–6% in the general
population,2-4 8–16% in health care
workers,5,6 and up to 50% in children
with spina bifida.7 In recent years, the
number of new cases of latex allergy
has decreased due to improved diag-
nostic methods, more extensive edu-
cation, accurate labeling of medical
devices containing natural rubber la-
tex, and use of medical devices with
reduced latex-allergen content.

Individuals sensitized to allergen-
ic proteins released from natural-
rubber-containing consumer (e.g.,
toy balloons, condoms) and medical
products (e.g., medical examination
and surgeon gloves, manual resusci-
tators, rubber dental dams) have a
broad range of allergic reactions,
from mild local cutaneous reactions
to generalized urticaria, angioedema,
allergic rhinitis, respiratory symp-

toms, and life-threatening or fatal
anaphylaxis. The epidemiology, di-
agnosis, and natural history of latex
allergy are more extensively dis-
cussed elsewhere in a primer for the
pharmacist.8

Natural rubber latex in medical
device packaging. Applied research
in latex allergy has focused on quan-
tifying the allergenic content of natu-
ral rubber latex in examination and
surgeon gloves.9 In 1997, FDA issued
a rule requiring labeling statements
on medical devices, including device
packaging containing natural rubber

that comes into contact with hu-
mans.10 The rule requires that medi-
cal devices containing natural rubber
latex state “Caution: This Product
Contains Natural Rubber Latex
Which May Cause Allergic Reac-
tions.” This rule, however, has not
been adopted by FDA’s Center for
Drug Evaluation and Research
(CDER). Thus, the rule largely re-
mained a requirement focused on
dipped rubber products, which have
been shown to contain higher levels
of releasable allergenic proteins than
the dry, molded, natural rubber used
in the packaging of medical devices
and household products. However,
questions have remained as to
whether the dry natural rubber used
in pharmaceutical vial closures or
plungers in syringes releases allergen-
ic proteins, thereby creating an aller-
gen exposure risk for latex-allergic in-
dividuals who receive parenteral
medications. Since synthetic butyl
and isoprene rubber stoppers have
been available since 1996, a proposal
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to totally exclude natural rubber
from pharmaceutical vial closures
was published in the Pharmacopeial
Forum.11

After receiving responses from a
citizen petition and communications
from industry, the United States
Pharmacopeia and FDA ruled that
there was insufficient peer-reviewed
literature to show that dry natural
rubber vial closures in medication vi-
als contribute to a significant risk for
reactions in latex-allergic individuals
(Mille YR, CDER, personal commu-
nication, 1997 Feb 19). FDA elected
not to ban natural rubber latex in
combination products such as medi-
cation vials.12 This decision was
based on the fact that total protein
tests performed on natural rubber
vial closures using the Lowry assay,
which we now know is not sensitive
enough to detect low levels of latex
allergen, failed to detect leached pro-
tein. Moreover, several available re-
ports of allergic reactions presumed
to be due to natural rubber in vial
closures13,14 had been invalidated
since they were later shown to in-
volve the use of synthetic butyl rub-
ber rather than natural rubber latex
closures.15,16

Current hospital practices.
Concerned about the safety of latex-
allergic patients, health care workers
responsible for establishing policy in
hospitals began using several nonval-
idated practices. Since latex avoidance
or separation of the latex-allergic pa-
tient from any latex-allergen expo-
sure has been the primary mode of
management, health care workers
first began trying to identify which
medications were stored in vials con-
taining latex. Because information
regarding the precise composition of
the closure was not always readily ac-
cessible, even by the manufacturer,
some hospital staff began removing
pharmaceutical vial closures before
withdrawing the medication. By
“popping the top,” they avoided
puncturing the latex stopper and
could draw medications into glass or

latex-free plastic syringes for pre-
sumably safer administration to the
latex-allergic patient. The assump-
tion underlying this action was that
the puncturing event introduced
rubber into the medication.17 How-
ever, the possibility that latex aller-
gen may have leached from the clo-
sure into the medication during
shipping or storage was not consid-
ered. The practical consequences of
this approach involve the technical
difficulties of removing some clo-
sures and using an open system that
increases the potential for microbial
contamination.18

Other health care facilities
stopped the “pop the top” practice
because of these problems and
adopted an alternative approach
called the “one-stick” rule.19 The ra-
tionale behind this practice is that a
single stick minimizes the potential
distribution of latex allergen into the
medication while maintaining a
closed system with a decreased po-
tential for contamination. Impor-
tantly, it eliminates the need to de-
termine if a vial closure is made of
natural rubber before medication ad-
ministration. This practice, however,
does not adequately address the pos-
sibility that latex allergen can leach
into medications during shipping,
storage, and the single puncturing
event.

Literature on the issue. No pub-
lished peer-reviewed reports have
clearly demonstrated that a type 1
hypersensitivity reaction can be in-
duced in a latex-allergic individual
by administering a medication from
a vial containing a latex closure. A
prospective, controlled, human chal-
lenge study to investigate this issue
directly has not been possible be-
cause of safety concerns.

Possibly the first study to determine
whether latex allergen is released into
solutions from a dry natural rubber
device was conducted by Melton.20 In
this study, skin puncture tests with
saline extracts that had been in con-
tact with natural rubber-containing

syringe components for 1–24 hours
were performed with 12 latex-
allergic and 5 non-latex-allergic
subjects. Three latex-allergic and
zero nonallergic participants devel-
oped definite skin reactions, presum-
ably to extracted latex allergen from
natural rubber syringe components.
Melton concluded that latex rubber
in syringes can elicit a wheal-and-
flare reaction by skin puncture test of
some but not all latex-allergic sub-
jects. Unfortunately, these data were
never published as a full report in a
peer-reviewed journal.

In 1996, Jones et al.21 attempted a
similar study, examining bovine col-
lagen preparations stored for up to
45 months with natural rubber
plungers in syringes. Of the 39 latex-
allergic subjects, 1 had positive skin
prick results, compared with none of
the 31 nonallergic subjects. The au-
thors suggested that latex allergen
was eluted, but in low levels. In a
different study, Thomsen and
Burke22 were unable to detect latex
allergen using an insensitive inhibi-
tion immunoassay in solutions from
16% natural rubber closures in vials
whose closures were punctured once.

To clarify this issue, we conducted
a masked prospective clinical study
in which 12 latex-allergic and 11
nonallergic volunteers underwent
skin testing with masked solutions
from five vials.23 Each vial type con-
tained a different closure formula-
tion: A = 100% synthetic bromobu-
tyl, B = 95.3% natural rubber latex
(gum/crepe), C = 66% natural rub-
ber latex (crepe), D = 100% synthetic
isoprene, and E = 100% synthetic
gum/isoprene. The vial closures used
in our study were manufactured us-
ing standard formulations marketed
for parenteral products. These man-
ufacturers produce the majority of
vial closures used in the pharmaceu-
tical industry. The investigators and
subjects were blinded to the compo-
sition of the closures. Sequential
puncture and intradermal skin tests
were performed with 0.4% phenol–
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saline–0.03% human serum albumin
solutions that had been stored in-
verted up to nine months before use.
Solutions were obtained from vials
with nonpunctured closures (0P)
and vials with closures punctured 40
times (40P) using a 21-gauge needle
12–24 hours before testing.

The results of all skin tests (punc-
ture and intradermal) in the non-
latex-allergic subjects were negative
based on the Norman criteria (<5-
mm wheal and <10-mm erythema at
15 minutes).24 Of the 12 latex-allergic
subjects, 2 had clearly positive intra-
dermal skin reactions to solutions in
the 0P vials and 5 reacted to 40P so-
lutions from vials that contained nat-
ural rubber latex. Two latex-allergic
subjects also had inexplicably posi-
tive but nonreproducible results
from intradermal skin tests to solu-
tions from vial A containing bro-
mobutyl but not vials D and E. The
study data indicated that natural
rubber closures release allergenic la-
tex proteins into solutions in quanti-
ties sufficient to induce positive in-
tradermal skin test results in up to
41% of latex-allergic patients but not
in non-latex-allergic individuals.
Moreover, the leaching of latex aller-
gen can occur during shipping and
storage, when the solution has direct
contact with the closure, but an in-
crease in the quantity of latex aller-
gen results from puncturing.

Several potential limitations of
this study should be considered
when interpreting these data. First,
the latex-allergic subjects recruited to
this study had a range of sensitivities
to natural rubber latex allergens as
defined by varying levels of latex-
specific IgE antibody in their blood.
Serum IgE antibody levels were only
roughly correlated with the magni-
tude of skin reactivity and clinical
sensitivity. Moreover, there is exten-
sive heterogeneity of the allergenic
proteins and IgE antibody specificity
to latex allergens among latex-allergic
subjects.25-28 This may explain why
several individuals with latex-specific

serum IgE antibody failed to display
positive skin reactions to 0P and 40P
solutions from vials containing latex
closures.

Second, of the 18 latex-allergic
subjects, 6 had a higher-than-expected
rate of reactivity to the saline nega-
tive control and were subsequently
excluded from further evaluation.
The reasons for this reactivity remain
unclear.

Third, while the study demon-
strated the presence of latex allergen
in solutions using the sensitive intra-
dermal skin test, we have not directly
shown that this level of allergen is
sufficient to induce life-threatening
anaphylaxis. For safety reasons, our
study was confined by our institu-
tional review board to skin testing.
Schwartz and Zurowski29 have sug-
gested that small amounts of latex
allergen administered intravenously
probably induced an allergic reac-
tion involving generalized flushing
and itching, cough, and wheezing in
their latex-allergic patient. We con-
servatively speculate that systemic
administration of even lower levels
of allergen from natural rubber vial
stoppers could induce generalized al-
lergic reactions in some latex-allergic
individuals.

Fourth, the 40-puncture condi-
tion was used to simulate the worst-
case use condition for multidose vi-
als. Since most pharmaceutical vials
are punctured once (several times, at
most), the transfer of allergen from a
natural rubber closure, presumably
resulting from rubber cores or shav-
ings produced by the needle, should
be minimal.

Finally, 0.4% phenol is a standard
ingredient in skin testing diluents,
such as the elution buffer used in our
study. Since phenol is not routinely
present in many medications admin-
istered to patients, it is possible that
its presence facilitated the extraction
of latex allergen from natural rubber
closures. Phosphate-buffered saline
extracts prepared at the end of the
study with the same study vial clo-

sures that were cut once contained
extractable latex allergen as mea-
sured by immunoassay inhibition
analysis. Thus, while the role of phe-
nol in allergen extraction is unclear,
aqueous solutions alone can effec-
tively extract allergenic latex protein
in the absence of phenol. The role of
medication pH, excipients (e.g., pre-
servatives, solubilizers, buffers), and
vehicles in the elution of allergenic
protein from natural rubber closures
is unknown.

Risk in perspective. Based on the
available literature, we do not know
whether the amount of allergen re-
leased during shipping and storage
into medications from vials with
rubber closures is sufficient to induce
a systemic allergic reaction. Some
risk for an allergic reaction, however,
may be present when vial closures
contain natural rubber latex. Since
medications are administered orally,
intramuscularly, subcutaneously,
and intravenously, the route of expo-
sure will affect the rate and extent to
which latex allergen is absorbed fol-
lowing drug administration. Oral
and sublingual administration of
gram quantities of latex C-serum
protein can be effectively tolerated by
latex-allergic adults undergoing de-
sentization.30,31 However, intramus-
cular administration of up to 100 μg
of allergenic latex protein into sensi-
tized individuals during immuno-
therapy can provoke severe systemic
reactions in minutes to several hours
in latex-allergic individuals.32 The
levels of allergen released by rubber
closures (estimated by radioaller-
gosorbent inhibition analysis) are
much lower than those used in immu-
notherapy. Finally, variables related to
the allergenic protein (molecular
weight and isoelectric point heteroge-
neity), the patient’s immune response
(specificity, quantity, cellular versus
humoral), and idiosyncratic factors
(general health, genetic predisposition
for atopy, releasability of mast cells
and basophils) can influence the over-
all risk of an allergic reaction.
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Identifying patients at risk for la-
tex allergy. Special precautions
should be taken when a patient is
identified as (1) having a high risk for
developing latex allergy or (2) latex
allergic.18,33 Individuals at high risk
for latex allergy include children with
spina bifida, patients who have had
several surgeries, and atopic individ-
uals. Patients who have a history of
latex allergy and at least one positive
diagnostic confirmatory test at the
time of admission are considered la-
tex allergic. The health care facility
must have an effective triage pro-
gram to identify these patients before
the administration of any medica-
tions. Such a triage program should
include the collection of a history us-
ing a validated questionnaire that
includes questions about general al-
lergies, allergic reactions to natural
rubber products (balloons, con-
doms, gloves), and risk factors (hand
dermatitis, history of multiple sur-
geries, chronic use of natural rubber
latex gloves, atopy, food allergies).34

Since there is currently no diagnostic
skin-testing material licensed by FDA,
a blood test conducted in a laboratory
certified by the Clinical Laboratory
Improvement Amendments of 1988
program using an FDA-approved as-
say for latex-specific IgE antibody
should be considered part of the work-
up to confirm a latex sensitivity.18,35,36

Practical approaches for phar-
macy and nursing staff.     Most health
care facilities are aware of the general
concern about the presence of latex
allergen in powdered latex medical
gloves and the need to limit their use
to minimize patient and employee
exposure.33 However, for patients
who need medications, the presence
of natural rubber in the closure of
pharmaceutical vials has been recog-
nized as a practical concern for the
pharmacist and other health care
providers. As of 1997, it was estimat-
ed that around 20% of pharmaceuti-
cal vials manufactured contained
some natural rubber (Smith E, per-
sonal communication). Many of

these closures contain a mix of syn-
thetic butyl or isoprene and 16–95%
natural rubber (H. brasiliensis). The
ultimate solution to this problem is
for pharmaceutical manufacturers to
eliminate natural rubber from any
vial closures used in newly manufac-
tured products. Labeling such as
“contains dry natural rubber” should
then be applied to existing medica-
tions. Pharmacists could also help in
the effort by identifying alternative
sources of medications containing
synthetic closures.

Such a change to an existing phar-
maceutical’s packaging requires re-
view by FDA and could be expedited
if the review was fast-tracked by
FDA, since changes would be limited
to the packaging. Rubber vial clo-
sures, as well as intravascular equip-
ment with latex injection ports and
syringes, are medical products that
should be covered by “contains dry
natural rubber” labeling.10 Proposed
changes in the labeling of vial clo-
sures, syringes, and other dry natural
rubber components used with drug
products are routinely reviewed by
CDER.37 We believe that CDER
should adopt uniform natural rubber
labeling requirements for drug pack-
aging that are analogous to those in-
stituted by the Center for Devices
and Radiological Health for medical
gloves containing natural rubber la-
tex. Presently, pharmacists must
contact the pharmaceutical company
directly or perform a visual inspec-
tion to determine the composition of
vial closures. Both approaches have
led to inaccurate identifications and
lost productivity.

There are two other ways for
pharmacists to protect latex-allergic
patients from unnecessary and po-
tentially risky latex-allergen expo-
sure. The first is a catalog–avoidance
approach, which requires that the
pharmacy staff review the entire drug
inventory and identify and catalog
the medications packaged in vials
containing a natural rubber latex clo-
sure. Since drug manufacturers can-

not always provide timely informa-
tion about the formulation of the vial
closures used in the packaging of
their medications, this approach can
be unreliable. Moreover, hospitals
that use drugs from multiple sources
will require additional time to up-
date their latex product listing when
suppliers change. The primary disad-
vantages of the catalog–avoidance
approach are the time required to
prepare and maintain the listing of
pharmaceuticals with latex-free clo-
sures and the potential for incomplete
or inaccurate information. The advan-
tage to the nursing staff is the minimal
need to monitor latex-allergic pa-
tients during medication injections
or infusions.

Many pharmacists will consider
the catalog–avoidance approach to
be unreliable. It is reasonable to as-
sume that no more than 20% of all
the medications administered are in
vials containing a natural rubber la-
tex closure, and only a subset of the
latex-allergic subjects will be suffi-
ciently sensitized to have a systemic
reaction. Thus, some pharmacists be-
lieve it better to establish a universal
policy for dispensing all parenteral
medications, regardless of their pack-
aging components. They have adopt-
ed the single-stick rule–observation
approach in which (1) all vials of
medications, regardless of the vial
closure formulation, are punctured
once, (2) the medication is drawn
into a nonlatex syringe, and (3) the
patient is observed after medication
administration. While the single-
stick rule–observation approach is
advantageous to the pharmacy
staff, it can require a significant
time investment from the nursing
staff, since nurses may need to mon-
itor the latex-allergic patient for 30
minutes up to two hours after each
medication is administered. This
practice has been successfully im-
plemented at the Johns Hopkins
Hospital in Baltimore, Maryland,
for more than five years with no
apparent problems.19
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Finally, for purposes of enacting
appropriate procedures in medica-
tion compounding, dispensing, and
administration, both approaches re-
quire a rigorous system of documen-
tation to alert the pharmacy and
nursing staff of the need for latex
precautions. Moreover, only synthet-
ic gloves should be used in the phar-
macy at all times, and the pharmacy
staff should participate in the hospi-
tal’s latex-allergy committee.33

Recommendations. The follow-
ing are a number of practical recom-
mendations based on the single-stick
rule–observation approach. They
have been divided into actions re-
quired by hospital staff in admis-
sions, the pharmacy, and nursing
services.

Admissions. Identify all at-risk pa-
tients in which latex precautions
should be practiced. This identifica-
tion process occurs at the time of
admission by means of a series of
questions that are used to classify a
patient as (1) latex allergic or (2) at
risk for latex allergy. Latex-allergic
patients have a clear history of latex
allergy and at least one positive con-
firmatory diagnostic skin or blood
test.33-35 Patients at risk for latex aller-
gy have definable risk factors and if
exposed may eventually develop la-
tex allergy. Major risk factors include
more than seven actual or anticipat-
ed surgeries; allergies to avocados,
bananas, or kiwis; dermatitis from
rubber products; suggestive personal
history; and selected patient types
(e.g., spina bifida, latex-glove users
with strong atopic backgrounds). Both
groups of patients will be universally
treated with latex precautions.

Pharmacy. The pharmacy staff
should follow universal one-stick-
rule precautions, which assume that
every pharmaceutical vial may con-
tain a natural rubber latex closure.
This process obviates the need to de-
velop and maintain a compendium
of pharmaceuticals in inventory that
contain natural rubber latex closures.
All pharmaceutical vials and i.v. fluid

bags or bottles will be punctured
only once, and unused medications
should be discarded. Alternatively, a
minispike dispensing pin can be in-
serted into the vial closure and used
to remove multiple medication doses
without the need for subsequent
punctures. Patient medication labels
must clearly indicate “latex precau-
tions” to alert the nursing staff who
are administering the medication to
the need for subsequent observation.

Nursing staff. The nursing staff
should remain with any patient who
is receiving medications bearing “la-
tex precautions” labels immediately
after administration of each dose or
at the start of each i.v. infusion to
observe for possible immediate sys-
temic reactions (generalized hives,
urticaria, bronchospasm, hypoten-
sion). Subsequently, the nurse
should record the patient’s vital signs
and then monitor the patient for the
period of time deemed appropriate
by the institution. One approach is to
observe the patient at 30-minute in-
tervals for two hours and document
the vital signs in the patient’s chart at
each observation period.

Program reevaluation at yearly in-
tervals. The hospital policy on medi-
cation administration to patients
who are at risk of or have latex allergy
should be reviewed yearly.33 If federal
regulations were to require the label-
ing of all pharmaceutical vials that
contain natural rubber latex closures,
the pharmacy could easily establish a
catalog of medications with natural
rubber latex closures. This would
permit the use of the catalog–
avoidance approach. Moreover, if
the use of natural rubber latex in
pharmaceutical packaging is even-
tually banned, the need for a spe-
cific procedure to safeguard these
patients will become unnecessary.
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C onflicts of interest (COIs) repre-
sent an expanding challenge for
pharmacists as their therapeutic

influence grows. Many potential COI
relationships involve pharmaceutical
manufacturers, who have character-
ized pharmacists as “a growing force
to be reckoned with.”1 The expanded
influence of pharmacists may in-
crease their likelihood of being tar-
geted for offers to become involved
in ethically questionable relation-
ships, particularly COI arrangements
that may pose a threat to their rela-
tionships with patients.

COIs. The theoretical construct
underlying COIs is based first on the
concept of discretionary action
involving professional judgment.2

This discretionary action of a profes-
sional is widely expected to reflect fi-
delity. Professional fidelity involves
adherence to principles of “respect
for autonomy, justice, and utility,
[reflected by] the obligation to act in
good faith to keep vows and promis-

es, fulfill agreements, maintain rela-
tionships, and discharge fiduciary
responsibilities.”3

A COI is defined as “a situation in
which a person, such as a public offi-
cial, an employee, or a professional,
has a private or personal interest suf-
ficient to appear to influence the ob-
jective exercise of his or her official
duties.”4 Such situations involve a
private interest (i.e., an interest based
on a relationship with another per-
son or organization) or a personal
interest (self-interest) that is in con-
flict with an official duty and that
interferes with professional responsi-
bilities by diminishing professional
judgment.

According to Latham,5

A person has a conflict of interest
when, in the presence of some duty to
pursue the interests of another, she is
motivated by self-interest to do
something inconsistent with that
duty. Thus a physician has a conflict
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