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Abstract

Background All currently available products for diag-
nosis and therapy of type I allergies are protein ex-
tracts from allergenic source material. The extracted
proteins have different properties and their structure
is differently labile to temperature variations. De-
spite various pharmaceutical formulations to increase
product stability, with few exceptions, allergen prod-
ucts must be refrigerated to ensure that their qual-
ity and native protein structure do not change during
storage and transport. Maintaining quality is a chal-
lenge in complex distribution chains.

Methods Regulatory requirements and guidelines that
apply to cold storage and transport of allergen prod-
ucts are summarized and the responsibilities of the
stakeholders are explained.

Results The storage conditions determined in stabil-
ity studies correspond to the transport conditions.
These stability data can also be used to assess tol-
erable conditions during transport. According to
a good distribution practice (GDP) contracts must be
concluded between the responsible pharmaceutical
entrepreneur and the qualified distribution service
provider that regulate storage and transport in accor-
dance with the product requirements.
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Conclusion Monitoring of storage and transport con-
ditions is achieved by transport in qualified means
of transport (e.g. truck). Alternatively, qualified trans-
port packaging with active or passive cooling (e.g. cold
packs) and qualified “data loggers” that record the
transport temperatures can be used. Regardless of the
system used, it must be demonstrated—by validating
the transport conditions, routes and packaging at dif-
ferent times of the year and over the entire duration of
transport—that regulatory requirements are met and
that the quality of the products is maintained during
shipment.
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Abbreviations

AMG German Medicinal Products Act

AMK Drug Commission of the German Phar-
macists

AMWHV Ordinance on the Manufacture of Medic-
inal Products and Active Substances

CAPA Corrective Action and Preventive Action

GDP Good distribution practice

GMP Good manufacturing practice

ICH International Committee of Harmoniza-
tion

PCM Phase change material

QP Qualified person

Introduction

Test and therapy allergens are obtained from various
allergenic sources by protein extraction. For this pur-
pose, a variety of efforts are made in the process chain
during production in order to achieve a high, consis-
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tent quality of the allergen products [1]. To ensure
quality also after manufacturing, transport and stor-
age, most allergen products must be refrigerated. Due
to increasing complexity of supply chains, the respon-
sibilities and measures that need to be defined and
taken to ensure and monitor transportation and stor-
age are challenging. Here, we provide an overview of
the most common procedures and regulatory back-
ground for good transport and storage practices of
allergen products.

Stability of allergens to heat and cold

Allergen extracts consist of a range of proteins that
will respond differently to defined temperatures with
regard to their stability [2]. The thermostability of al-
lergens varies depending on their molecular structure.
Influencing structural features include the protein se-
quence, glycosylation pattern, possible ligand bind-
ing, degree of oligomerization or matrix effects of ex-
cipients [3].

Changes in the quaternary, tertiary and secondary
structure of allergens are accompanied by changes in
allergenic activity. On the one hand, thermal unfold-
ing may decrease allergenic activity due to reduced
binding of IgE antibodies; on the other hand, previ-
ously hidden epitopes can become freely accessible,
which in turn can increase activity [4]. To ensure the
stability of allergen products, various measures are
therefore required on the part of the manufacturers.

In the galenics of allergen products, excipients such
as glycerol, human serum albumin, phenol, and man-
nitol are used to improve stability compared to aque-
ous extracts without excipients. The appropriate com-
position is allergen-specific. For example, when ex-
tracts from different allergen sources are combined,
stability can be negatively affected if they contain pro-
teolytic enzymes—as in the case of mold extracts [5].

For pollen extracts, a glycerol concentration of
50%, also in combination with human serum albu-
min, and storage at 2-8°C in a qualified refrigerator
(see below) has been shown to preserve the origi-
nal activity of the allergenic proteins [6, 7]. At the
same time, glycerol protects the proteinaceous active
materials from solution freezing. A common stor-
age error, possibly also in doctors’ offices, is storing
allergen preparations near the evaporator in the re-
frigerator or in the refrigerator door. Temperatures
there are often below the freezing point or above 8°C
respectively, even if the refrigerator is set to a usual
2-8°C. Ideally, the requirements for medicinal prod-
ucts which must be refrigerated (for definition, see
following section “Labeling”) of DIN 58345 “Refrigera-
tors for drugs—Definitions, requirements, testing” [8]
are also met for allergen products requiring refriger-
ated storage. This includes, among other things, the
requirement for a safety device against temperatures
below 0°C and daily monitoring on workdays, includ-
ing corresponding documentation of the refrigerator

temperature with a min-max thermometer. Tempera-
tures below the freezing point can lead to a reduction
in allergenic activity in birch pollen extracts, for ex-
ample [9]. In the case of house dust mite extracts, this
effect is intensified by repeated freezing and thawing
[10]. However, high concentrations of glycerol are
only suitable for test allergens, as increasing glyc-
erol concentrations (more than 12%) of solutions for
injection may cause pain in the patient [11].

Furthermore, it is possible to achieve greater sta-
bility to temperature fluctuations by the appropriate
storage form (e.g. by lyophilization, spray drying) of
extracts. Lyophilizates nevertheless require specific
storage temperatures. The lyophilization process also
alters proteins by removing the hydration shell. There-
fore, drying aids (e.g., mannitol, sorbitol or glycine)
are added to preserve their activity.

Finally, temperature fluctuations during transport
must be reduced by using suitable packaging materi-
als [12]. By using reusable insulated containers, pre-
cooled packaging materials and temperature moni-
toring by means of electronic loggers, very cost-inten-
sive cold transport can be circumvented, especially for
products that can be stored above freezing point. The
cost situation is strongly dependent on the quantity
of product transported. For small quantities, the pas-
sively cooled transport box is an alternative. Since the
transport box can only hold a few drug packages due
to the insulation and number of gel coldpacks, this is
generally not economically feasible for the transport
of larger quantities.

The greatest influence on the storage quality of al-
lergen products is the storage temperature [13]. How-
ever, there are only few published data on this [14].

Regulatory framework for storage and transport
of allergen products

Labeling

The EU Guideline on Declaration of Storage Con-
ditions [15] contains requirements for the labeling
“Store and transport refrigerated/Store and transport
frozen”. This labeling corresponds to the German
terms “Kiihlkettenpflicht” and “kiihlpflichtig”. This
describes a complete compliance with the prescribed
temperatures from production to use. The labeling
should only be used for products that do not tolerate
temperature deviations. Examples are live vaccines,
certain antibody preparations, blood products or
first generation erythropoeitin preparations. Allergen
products are not among these extremely tempera-
ture-sensitive drugs. This means for allergen prod-
ucts with the indication of “storage between 2-8°C”
on the packaging that a short-term exceeding of the
temperature up to 25°C can be tolerated [16]. How-
ever, this tolerable time window is not defined more
precisely and must be determined on a product-spe-
cific basis. The manufacturer of a medicinal product
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substantiates this requirement with corresponding
stability data, which are detailed in the marketing
authorization documents. Nevertheless, manufac-
turing, storage and transport must be organized by
the pharmaceutical entrepreneur, the manufacturing
companies and the service providers commissioned
in the logistics chain in such a way that the temper-
ature of 2-8°C is guaranteed over the entire period
of the logistics chain and thus the product quality is
maintained.

According to the Guideline on Good Distribution
Practice of Medicinal Products for Human Use 2013/C
343/01 [17], the storage conditions listed on the pack-
aging also correspond to the transport conditions if no
separate information on transport is provided. Like-
wise, according to the Guidelines for Good Distribu-
tion Practice of Medicinal Products for Human Use
[17], it must be ensured in principle “that temperature
conditions are maintained within acceptable limits
during transport”. This acceptable temperature range
is further specified in Chap. 9.2 as “the defined lim-
its as described by the manufacturers or on the outer
packaging”. Transport thus is mobile storage or stor-
age with a change of location.

Stakeholders in storage and transport of allergen
products

Today’s retail chains for pharmaceuticals involve
many players who transport the product from the
manufacturer to the patient. In order to ensure that
quality is maintained during distribution, the prin-
ciple of good distribution practice (GDP) is imple-
mented by all actors. According to the WHO Guide-
line Good Distribution Practices for Pharmaceutical
Products [18] GDP is the part of quality assurance that
monitors and ensures the quality of pharmaceuticals
during logistics by means of appropriate controls.
The German Medicinal Products Act (AMG) dis-
tinguishes between the pharmaceutical entrepreneur,
the manufacturer and the pharmaceutical wholesaler.
All three and, if applicable, commissioned external
storage and transport service providers are involved
in the storage and transport of medicinal products.
The pharmaceutical entrepreneur (Sect. 4 (18) AMG
[19]) usually holds the marketing authorization and
places the drug on the market under his name. The
law describes this as “keeping in stock for sale or
for other forms of supply, the exhibiting and offering
for sale and the distribution to others” (Sect. 4 (17)
AMG). The manufacturer of the drug as the holder of
the manufacturing authorization according to Sect. 13
AMG is responsible, among other things, for the entire
manufacturing process including packaging, labeling
and storage and the final release (Sect. 4 (14) AMG,
and Sect. 16 AMWHY). The wholesaler, on the other
hand, is the one who performs any “professional or
commercial activity for trading purposes that consists
of procuring, storing, selling or exporting medicinal

products” (Sect. 4 (22) AMG) and requires a whole-
sale distribution authorization in accordance with
Sect. 52a AMG. In Germany, a wholesale authoriza-
tion is applied for at the competent authority of the
respective federal Land and requires, in addition to
evidence of suitable premises, facilities, equipment
and a quality assurance system in accordance with
Sect. 1a of the Ordinance on the Trade with Medic-
inal Products (Arzneimittelhandelsverordnung—AM-
HandelsV [20]), also the appointment of a responsible
person for wholesale trade who has the necessary
expertise and reliability (Sect. 52a AMG).

A further distinction is made between the storage
service provider and the transportation provider. The
storage service provider must notify the local compe-
tent authority of the federal Land of his activities in
accordance with Sect. 67 AMG and he is subject to offi-
cial supervision in accordance with Sect. 64 AMG. The
transportation provider does not require a license un-
der pharmaceutical law, but must nevertheless com-
ply with the regulations under pharmaceutical law by
means of a delimitation of responsibility agreement
with a pharmaceutical manufacturer and/or a phar-
maceutical entrepreneur or a pharmaceutical whole-
saler. The contract giver must ensure this.

The monitoring according to Sect. 64 AMG of
“Enterprises and establishments in which medicinal
products are manufactured, tested, stored, packaged
or placed on the market, in which they are otherwise
traded, or that import medicinal products ...” is the
task of the competent authority responsible for them
locally. The monitoring tasks of the competent Land
authorities also include the performance of GDP in-
spections. Upon their successful completion, a GDP
certificate is issued, which is valid for five years. The
monitoring of the transport of medicinal products is
not named in Sect. 64 AMG as an official monitor-
ing task, which is why the transportation providers
themselves are not inspected by the competent au-
thorities. The responsibility for the qualification and
the necessary auditing of the transport companies,
for the validation of the transport processes as well
as the warehousing, lies, depending on the contract
design, regularly and ultimately with the pharma-
ceutical entrepreneur. Since the pharmaceutical en-
trepreneur is supervised by the authorities, contracts
can be examined in the course of an inspection. It is
therefore of particular interest for the pharmaceutical
entrepreneur to record the fulfillment of the GDP
requirements in detail in corresponding contracts
(AMWHYV Sects. 7 and 9, EU-GDP Chap. 7).

The responsibilities for the transport of a medici-
nal product are to be defined in a written contractual
agreement (also called quality assurance agreement,
logistical agreement or delimitation of responsibility
agreement) between the pharmaceutical entrepreneur
placing the product on the market and the companies
involved in the logistics chain. Companies involved
in the logistics chain may include, for example, trans-
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port companies, pharmaceutical wholesalers, storage
companies or other pharmaceutical manufacturers.
The responsibilities for checking the transport condi-
tions and, if applicable, the storage conditions at con-
tracted storage companies, as well as for carrying out
transport validation, must be clearly defined. Accord-
ing to Chap. 7.2 of the GDP Guideline, the contract
giver is responsible for evaluating the contract accep-
tor with regard to the implementation of the processes
and for ensuring, by means of contract design and
audits, that the principles and guidelines of GDP are
complied with. Clear instructions for action or stan-
dard operating procedures (SOPs) are also required
in the event of deviations from defined parameters
(Chap. 9.2 in [17]).

If a pharmaceutical entrepreneur and manufac-
turer delivers the medicinal products he produces
directly to pharmacies or hospital pharmacies, this
is covered by his manufacturing authorization ac-
cording to Sect. 13 AMG. In such cases, no separate
wholesale authorization is required. Nevertheless,
the competent authority of the federal Land where
the factory site of the manufacturer is situated also
monitors compliance with the storage conditions and
transport in accordance with the GDP Guideline dur-
ing regular inspections and issues a GDP certificate if
compliance is established.

In the case of transports to the end user, for exam-
ple in the case of drug transports directly to the trial
centre as part of a clinical trial, deviations from the
specified transport conditions are to be expected more
frequently. As a rule, smaller vehicles not equipped
with active cooling are used. However, these vehicles
should at least comply with DIN SPEC 91323 “Temper-
ature conditioned transport equipment used for dis-
tribution of pharmaceutical products (for human be-
ings or veterinary use)—Guidelines for qualification”
[21]. Deviations from the GDP guideline applicable to
the “last mile” with regard to orderly and controlled
transport are not tolerable and must be prevented by
suitable packaging, by means of active or passive cool-
ing, temperature monitoring or refrigerated transport.

If the transport takes place as a package with par-
cel service providers, validation of the transport con-
ditions is probably not feasible without an additional
agreement. Critical temperature deviations, especially
in the summer and winter months, may not be de-
tected during storage or transport. This can be reme-
died by data loggers that can provide accurate in-
formation on the temperatures of critical goods at
any point in the distribution chain. Package service
providers without suitable qualification for the trans-
port of medicinal products may not be used in ac-
cordance with Chap. 9 of the GDP Guideline. Only
qualified transport service providers who guarantee
temperature monitoring and the use of suitable pack-
aging can be commissioned (Chap. 9 GDP Guideline).

A short-term increase in temperature can, in ad-
dition to changes in the single allergen content and

changes in the band pattern in a gel electrophoresis
for identity detection, also lead to a decrease in al-
lergenic activity [22]. However, these modifications
do not necessarily represent an “out of specification”
event, i.e. a critical product change that lies outside
the quality parameter limits laid down in the market-
ing authorization [23]. Whether a product can still be
used after a temperature deviation should be decided
for each individual case based on the marketing au-
thorization-related specifications of the pharmaceuti-
cal entrepreneur and after consultation with the phar-
maceutical entrepreneur.

However, if no data from a temperature logger is
available because it was not available or was not put
into operation, a risk-based assessment must be made
by the pharmaceutical entrepreneur, taking many fac-
tors into account. These include the time of year,
outside temperatures, heat capacities of the packag-
ing and outer packaging, weather, vehicle type, stor-
age rooms, potential loading processes and the dura-
tion of transport. Decision support is provided by the
transport validation data and stability studies in the
marketing authorization documents (dossier). A jus-
tification that a delivery of goods can be used de-
spite temperature deviations during transport or stor-
age must be able to demonstrate conclusively and
comprehensibly, under the responsibility of the qual-
ified person (QP) as well as the pharmaceutical en-
trepreneur’s graduated plan officer, that the quality of
the allergen product is maintained and that the spec-
ifications are met.

If a deviation from the specified temperature con-
ditions is noticed in a pharmacy, this must be doc-
umented and reported in accordance with Sect. 21
of the Pharmacy Practice Order [24] to the author-
ity responsible for the pharmacy. For this purpose,
reporting forms of the Drug Commission of the Ger-
man Pharmacists (AMK) are usually used, which
are forwarded by the pharmacy via the AMK to the
competent authority and also to the responsible phar-
maceutical entrepreneur, who initiates an evaluation
of the reported deviation. In order to ensure patient
care through a replacement delivery, the supplied
pharmacy directly contacts the pharmaceutical en-
trepreneur in parallel to the reporting procedure
regarding the usability of the delivery. The competent
authority hears the pharmaceutical entrepreneur on
the facts of the case and coordinates the further proce-
dure with him. If such deviations are already noticed
by the pharmaceutical entrepreneur, he must, ac-
cording to his quality management system (Chap. 1.2
in [17]), initiate a CAPA case (Corrective Action and
Preventive Action) and follow it up accordingly. The
examination of the necessary measures takes place
within the scope of the inspections by the competent
authority, if necessary accompanied by the competent
higher federal authority.
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Regulatory requirement for stability data in the
dossier

For all drugs, stability data must be submitted with
the dossier when applying for marketing authoriza-
tion [25]. In order to have data collections that are as
meaningful as possible at the time of approval, corre-
sponding studies are already started in the develop-
ment phase of the drug.

The requirements for stability data collection are
detailed in the ICH (International Committee of Har-
monization) Guideline ICH Q1A (R2) “Stability testing
of new drug substances and drug products” [26]. The
Guideline ICH Q5C “Quality of Biotechnological Prod-
ucts: Stability Testing of Biotechnological/Biological
Products” is also helpful [27]. Although this guide-
line excludes allergen extracts, the basic requirements
and general concepts are still applicable. If a shelf life
of more than 6 months is desired, stability data from
three independently produced batches over a storage
period of at least 6 months must be provided. Storage
conditions (refrigerated, ambient temperature, rela-
tive humidity, or similar) should be selected in the
stability studies to ensure that pharmaceutical qual-
ity requirements can be met at all times during the
storage period.

If not all the required data are available at the
time of submission of the marketing authorization
application, they could also be submitted subse-
quently by means of declarations of commitment on
an exceptional basis after individual assessment of
the respective case—provided that the available data
already permit a meaningful assessment. In addi-
tion to real-time stability studies, studies after the
opening of a multidose container and under more
stringent so-called accelerated conditions (increased
temperatures, higher humidity) are also common.

In mixtures of nonhomologous allergens, stability
must be proven for each active substance individu-
ally. If allergens in mixtures all originate from a single
homologous group according to the concept of Lorenz
et al. [28] (e.g. the birch group, which includes alder,
hazel, hornbeam and oak in addition to birch), the
main allergens are considered to have similar physic-
ochemical properties or are cross-reactive. In these
cases, it is possible to use stability data of a represen-
tative allergen to extrapolate the shelf life and storage
conditions for the mixed drug. However, in mixtures,
the important parameter for determining the qual-
ity of the allergen product, the allergenic activity, can
rarely be determined individually for the representa-
tive allergen due to cross-reactivities [29]. The choice
of the lead allergen and a suitable method to follow
degradation processes though is crucial for the valid-
ity of generated data [10].

Also for allergens that are crosslinked by chemical
modification and/or adsorbed to adjuvants, the de-
termination of activity is usually not possible directly.
In order to be able to measure the activity at the be-

ginning and at the end of the shelf life of the product
according to the specifications, many manufacturers
use validated in vivo or in vitro binding assays on an
IgE or IgG basis [30].

In addition to real-time data from long-term stor-
age studies, data from storage tests under stress con-
ditions or under accelerated conditions can provide
valuable information regarding the stability of prod-
ucts. These data primarily provide information about
the change processes with regard to quality during
storage under defined conditions. Degradation pro-
cesses can be provoked by elevated storage temper-
atures to reveal undesirable product changes. These
data can be helpful to assess the influence of short-
term temperature deviations, as they can occur during
transport [26].

Refrigerated transport according to GDP
requirements

In Germany, GDP is legally anchored in the German
Medicinal Products Act (Sect. 55), in the Ordinance
on the Manufacture of Medicinal Products and Ac-
tive Substances (AMWHYV) and in the EU (European
Union) GMP (good manufacturing practice) Guide
Part 1 and its annexes. Sect. 7 of the AMWHYV stip-
ulates that the suitability of storage and transport
procedures must be demonstrated, especially if they
may have an influence on the quality of the medicinal
product. For the EU, such suitable procedures are
described in detail in the GDP Guideline [17]. This
guideline is binding together with the respective na-
tional law. The GDP certificates issued throughout the
EU by the competent authorities of the member states
can be viewed on the website http://eudragmdp.ema.
europa.eu/inspections/displayHome.do. Any devia-
tions are also listed at this website. Worldwide, GDP
aspects are monitored in the context of GMP inspec-
tions by the respective authorities of the importing
country or through mutual recognition agreements.

According to the GDP Guideline, operating rooms
should be “designed or adapted to ensure that the re-
quired storage conditions are maintained”. The same
applies to transport: “The required storage conditions
for medicinal products should be maintained during
transport within the defined limits as described by the
manufacturer or on the outer packaging”, whereby the
transport route is considered risk-based in order to
be able to carry out necessary temperature controls
at the appropriate point. Since the GDP guideline
came into force in 2013, regular temperature-moni-
tored transport is carried out for products that have to
be transported at 2-8°C. For this purpose, either qual-
ified packaging capable of safely maintaining the tem-
perature range is used or qualified refrigerated trans-
port is organized.

For temperature control, Chap. 3.2.1 of the GDP
Guideline deals with the qualification of storage
rooms. Already in the run-up to commissioning,
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refrigerators, cooling chambers or cold storages used
must be qualified with regard to temperature distri-
bution by means of a temperature mapping exercise
using calibrated temperature sensors placed at de-
fined locations. These mapping studies are intended
to show at which points in the room temperature
sensors must be optimally positioned. The size of the
warehouse, average occupancy, doors, windows, the
orientation of the room ventilation system, loading
and unloading processes all play a decisive role. How-
ever, serious temperature fluctuations are more likely
to occur during transportation. Similar to storage
rooms, the GDP guideline therefore also provides for
a temperature distribution study in refrigerated vehi-
cles. The temperature monitoring instruments must
be calibrated annually (Chap. 9.2 Guideline 2013/C
343/01 [17]). In order to be able to prove compliance
with the specified temperature conditions, this data
should be made available to the transport client.

If no systems with active cooling are used, care
must be taken when using coldpacks or “phase change
material” (PCM) that they are arranged in such a way
that direct contact with the drug is prevented. The
coldpacks are stored at the correct temperature for
reuse until they are sufficiently cooled again (Chap. 9.4
in [17]).

Conclusion

A great amount of effort is put into producing allergen
products from biological material in order to be able
to offer the highest possible quality and standardized
drug product. The quality of the product can be af-
fected by improper storage or transport. It is therefore
a legal requirement to organize, control and validate
storage and transport accordingly and to contractu-
ally define responsibilities in order to ensure product
quality in the logistics chain as well.
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