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Abstract 
The transport of cryopreserved biological products at a consistent temperature of -196oC can present 
significant challenge to researchers and laboratory personnel that may have little experience in this area. 
This communication will explore the basic principles for successfully managing the transport of cryogenic 
shipments both domestically and internationally, examining the need for proper packaging, knowledge of 
the regulatory environment in the country of destination, and a sound risk management strategy. It will 
also examine the special circumstances and considerations associated with sending cryopreserved 
biological samples to emerging nations and how best to safeguard shipments in the face of frail 
infrastructure, cumbersome regulatory environments, dramatic temperature fluctuations, etc. Finally, it will 
provide researchers with guidelines on identifying reliable and experienced transport/logistics providers 
and ensuring that their service capabilities conform to individual shipping needs. 
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Introduction  
 
Twenty-first century biotechnology is a global 
research endeavor. Researchers may now 
collect live cells or blood samples from 
anywhere in the world to support new studies. A 
transplant center in Australia may routinely tap 
into donor registries in France or Italy for a blood 
cord match. Scientists in Europe or the U.S. may 
orchestrate two-way patient cell-matching and 
therapeutic response for customized treatments 
anywhere in the world. 
 
 
These astounding scientific breakthroughs − 
when combined with our shrinking global 
community − offer the potential to enhance 
research and improve patient outcomes 
dramatically, but in doing so, have brought a 
greater responsibility to bear on both biotech 
shippers and on the specialized logistics 
providers who transport these shipments. 
Especially vulnerable are cryogenic samples 
which present particular challenges to transport 
providers in ensuring a consistent ultra-low 
temperature environment that supports the 

viability of the sample while managing complex 
shipping procedures. 
 
There is no room for error in the shipping of 
cryogenic specimens. Clinical researchers and 
biomedical professionals who are entrusted with 
their transport should recognize that anything 
arriving in less than perfect condition represents 
failure. This communication white paper will 
outline both the shipping process and the key 
considerations that should be taken into account 
when selecting a transport company or logistics 
provider for these applications.  
 
1.1 Cryopreservation: maintaining 
quality over time and distance 
 
Today’s biologicals used in research or patient 
interventions share several common features. 
They are singularly one-of-a-kind, high-value, 
highly temperature-sensitive and, in some 
cases, can represent the difference between life 
and death for a patient. Most require some 
degree of refrigeration or temperature 
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management while the most vulnerable tissues 
and cells are typically stored and maintained in a 
cryopreserved state. 
 
Cryopreservation − or the storage of live tissue 
and other biological products at ultra-low 
temperatures − is designed to prevent the 
degradation of the cells and extend their 
effective life. While storage at -136oC will 
substantially slow biological activity, the 
consistent maintenance of a temperature of -
196oC, or the  boiling point of liquid nitrogen 
(LN2), is preferred for storing critical samples to 
ensure that all biological activity has ceased. 
 
As with any temperature-controlled substance, 
irregular cooling, warming and/or refreezing 
brought on by external temperature changes, 
packaging misuse/failure, or mishandling can 
compromise the quality of the sample and 
should be avoided at all times. Although strict 
temperature management may be relatively 
straightforward in the laboratory setting where 
product remains in a stationary location, where 
equipment is suitably qualified and where 
personnel are trained, what happens to samples 
that must travel thousands of miles over the 
period of hours or days and over multiple time 
and temperature zones?  
 
2.0 Packaging: options and implications 
 
Selecting the correct packaging for cryogenic 
shipments is the first step in effecting a 
successful delivery. The following is an overview 
of important information on packaging a 
cryogenic shipment for transport. 
 
2.1 When a regulated substance is not 
regulated 
 
The only approved packaging solutions for the 
shipping of cryogenically-preserved cultures are 
portable aluminum storage vessels known as 
liquid nitrogen dewars. Simply put, a LN2 dewar 
is comprised of two seamlessly joined flasks − a 
smaller one inserted inside a larger one. Liquid 
nitrogen is introduced into the space between 
the outer dewar and its inner liner to maintain 
thermal performance. There are two different 
types of liquid nitrogen dewars on the market: 
dry shippers and wet shippers. 
 
In dry shippers, the space between the dewars 
contains a porous, sponge-like material that 
allows for total absorption of the liquid nitrogen, 

rendering the shipper safe for transit without the 
risk of leakage or spillage should it be tipped or 
up-ended. Although liquid nitrogen is itself 
deemed a regulated substance for transport 
purposes (also known as a Dangerous Good), a 
properly charged (prepared) dry shipper is 
considered to be a safe container solution and 
does not carry a regulated designation. As such, 
it can be prepared for shipment and transported 
on any carrier without special handling 
requirements or documentation, providing the 
commodity itself is not regulated or subject to 
Dangerous Goods Regulations.  
 
In wet shippers, the liquid nitrogen remains free-
flowing in the space between the flasks, creating 
a high risk potential for carriers, transport and 
logistics providers, their respective personnel, 
passengers and the public at large should 
leakage occur. For this reason, no air carrier will 
knowingly accept or carry wet shippers. 
 
Accordingly, laboratory personnel charged with 
arranging transport for cryopreserved specimens 
should always choose dry shippers over wet 
shippers. 
 

 
 
Figure 1: A typical dry shipper used to transport cryogenic 
samples at -196oC. Liquid nitrogen is introduced to the 
space between the two dewars when they are co-joined, 
creating a vacuum. With the liquid nitrogen fully absorbed 
into the matting material, dry shippers offer a safe 
container solution for the transport of cryopreserved 
samples.  
 
 
 
2.2 Specifications 
 
Dry shippers used for transport must meet IATA 
(International Air Transport Association) and UN 
standards and should not be confused with 
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laboratory cryovessels used for in-house 
storage.  
 
Dry transport shippers come in a range of sizes 
to accommodate a variety of volumes − typically 
a volume of three to ten liters for routine 
shipments. Specifications vary to include internal 
rack configurations that render vials or blood 
bags stationary throughout transit and to 
maintain a range of static holding times, or the 
total length of time over which the unit will 
maintain the approved temperature 
environment. Static holding times range from 
three to 21 days, making the choice of a proper 
shipper especially critical for samples destined 
for long-haul or challenging locations. 
 

 
 
Figure 2: Portable racks can be loaded and inserted inside 
the dry shipper to ensure samples remain stable 
throughout transit. 
 
Most dry shippers travel inside a hard exterior 
box or case that provides further protection. The 
unit itself can be refitted with a lid containing a 
data logger to record the temperature 
throughout transit. 
 

A standard-sized dry shipper will take 24 hours 
to be fully charged with liquid nitrogen, a 
procedure that is usually carried out by trained 
personnel in a specialized facility. This is not a 
task typically performed by the transportation 
provider, so this delay should be recognized in 
the shipping schedule. Newer state-of-the-art 
“quick version” shippers are coming online that 
can ensure full absorption in three hours, 
although these shippers may not be readily 
available in all countries/locations or from all 
service providers and  may come at an 
additional cost. 
 
Larger shippers able to accommodate the 
relocation of large amounts of samples or even 
entire laboratories also exist. These full-size 
units are designed to fit in a wide-bodied aircraft 
and can be moved via forklift or pallet jacks. 
 
The correct choice of dry shipper is best made in 
conjunction with a knowledgeable logistics 
provider, taking into account the anticipated time 
between pick-up and delivery.  
 

 
Figure 3: The LN2 dry shipper is further protected by a rigid 
outer casing. 
 
2.3 Procurement 
 
Dry shippers may be either purchased by the 
laboratory/shipper itself or rented/leased from an 
external supplier.  
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Dry shippers are expensive and re-useable, but 
have a limited lifespan. With the vacuum system 
into which the LN2 is introduced typically under 
warranty for only 36 months, owners of these 
units must monitor expiry dates, pull units from 
service and replace as required. They must also 
orchestrate the charging function (loading of 
LN2) at certified facilities or undergo certification 
themselves to perform this function, and ensure 
that there is a viable procedure in place to have 
units returned to point of origin. 
 
The decision to “own-versus-rent”, then, is 
typically based on: 
 
• volumes being shipped/consistency of these 
volumes − does the laboratory always send 
samples of a certain volume, or do volumes 
vary? With dry shippers coming in a range of 
sizes, laboratories may not wish to carry a full 
line of different sizes and capacities along with 
the associated cost. 
 
• frequency of shipping − are samples shipped 
routinely, or on a more ad hoc basis? 
Laboratories should determine their actual 
shipping needs, determine the cost per shipment 
for packaging based on these needs, and 
compare the incremental cost with standard 
leasing costs before committing to purchasing 
proprietary units. 
 
• location of consignee/relationship to 
originating laboratory − does the laboratory send 
to a sister facility in a location where samples 
are frequently sent, or are samples destined to 
an independent facility on an infrequent basis? 
Although dry shippers are completely reusable, 
there must be a procedure in place to ensure 
they are returned efficiently to the point of origin, 
either empty or with return specimens. 
Managing inventory, expiry, charging and 
physical distribution of the units will necessarily 
come at a cost to the laboratory and its 
personnel. 
 
The decision to purchase dry shippers, then, 
should be made within the context of larger 
research goals, the scope and duration of the 
project, internal operating procedures and 
manpower, and budget considerations. 
 
3.0 From origin to destination 
 
Once a properly packaged cryogenic shipment 
has left the laboratory, the best way to assure 

that it arrives in optimum condition at its final 
destination is to minimize the time spent in 
transit to the greatest degree possible. There 
are several ways to ensure this: 
 
 
3.1 Flexible routing 
 
When shipping sensitive cryopreserved 
samples, the fastest route is usually a direct 
flight between origin and destination, particularly 
for shipments bound for in-country locations. 
Most major urban centers will likely have a 
number of flights to choose from, so pick-up time 
may be coordinated based on the selected flight 
to allow for the last-minute packing of samples. 
In some instances, such as for deliveries to 
secondary cities, the fastest transit time may 
secured through either an indirect routing (sent 
via an intermediary city) or by drive-away (road 
transport) from a near-by airport. 
 
Researchers sending cryogenic shipments 
should look for flexibility from their transportation 
providers in designing routings that are 
customized to their specific needs. Shipments 
should be scheduled to travel on the first flight 
out to avoid unnecessarily long delivery delays 
and to reduce the potential for in-transit 
temperature excursions. 
 
 
3.2 Packaging 
 
Further to the discussion above on packaging, 
researchers are encouraged to seek assistance 
in selecting a dry shipper with a static holding 
time profile that is appropriate for the expected 
delivery time. It is also advisable to build in an 
allowance of extra time should unanticipated 
delays occur.  
 
Typically, the farther the distance the samples 
must travel − especially those traveling out of 
country to emerging nations − the greater the 
allowance should be. Once again, a 
knowledgeable logistics provider will provide 
appropriate guidance based on experience in 
the country of destination. 
 
3.3 Regulatory compliance 
 
Shipments destined to international locations 
must be accompanied by all necessary 
commercial invoices, permits, import 
documentation, etc. 
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It is the responsibility of laboratory personnel to 
ensure that all paperwork is completely and 
accurately prepared. Errors, omissions or 
conflicting information on the paperwork can 
result in unnecessary delays with airlines or 
customs, and may ultimately lead to a customs 
inspection, further jeopardizing delivery windows 
and the stability of the cold chain environment. 
 
As above, an experienced logistics provider can 
provide detailed guidance on the exact 
requirements of countries into which samples 
are being shipped and, if necessary, assist with 
the preparation of appropriate paperwork. 
 
3.4 Dangerous goods 
Some samples − notably those of an infectious 
nature − fall under the jurisdiction of IATA’s 
Dangerous Goods Regulations (Class 6.2) and, 
as such, will require additional documentation 
and labeling. Again, failure to complete the 
required documentation accurately can result in 
refusal by the airline and handling or customs 
delays that have the potential to compromise 
temperature and, hence, the viability of the 
samples. 
 
Researchers should be certain to disclose the 
exact nature of the samples to the logistics 
provider when arranging transport and ensure 
that laboratory staff are adequately trained to 
document and prepare such samples for 
shipment. An experienced service provider can 
provide the necessary guidance. 
 
3.5 Shipments destined for emerging 
nations  
In today’s shrinking global community, research 
samples are increasingly destined for emerging 
markets in Asia, Latin America, Eastern Europe 
and Africa. For biomedical shippers managing 
delicate samples and timelines, these locations 
can present unique challenges.  
 
Fragile infrastructure and lack of local familiarity 
with biological specimens often give rise to 
delays that can jeopardize anticipated delivery 
times. Cumbersome regulatory environments 
and inexperience with unconventional 
commodities can impact import/export 
processes and upset deliveries. At the same 
time, diverse languages and time zones can 
impair communication between the laboratory, 
customs, delivery personnel and consignee, 
leading to miscommunication and errors. When 
combined with unforeseen administrative delays, 

extreme temperatures fluctuations – whether 
seasonal or due to a diverse geography – can 
further threaten the integrity of packaging and, 
with it, sample integrity. 
 
Researchers who ship to locations in developing 
countries are strongly cautioned to utilize the 
services of a logistics provider who has proven 
experience in the selected market, and 
preferably one with company offices located 
within the desired jurisdiction. In the 
transportation industry, many service providers 
rely on outside, third-party contractors to serve 
lesser-frequented locations. It is ironic that, in 
locations where informed and committed 
personnel are most needed, they are often the 
most scarce. Because of the increased potential 
need for local intervention in these less 
established locations, shippers of high-value 
commodities should ensure that they have the 
support of experienced local personnel able to 
competently represent their interests when 
required.  
 
3.6 Risk management 
Nothing is certain in this world. Because of this 
and because of the high intrinsic value 
associated with cryopreserved shipments, 
researchers should ensure that their service 
provider has appropriate risk management 
strategies in place. 
 
Flight delays or cancellations, missed 
connections, customs inspections, un-seasonal 
heat waves or plummeting temperatures can 
and do occur. Risk can be managed and 
effectively reduced, however, when proactively 
countered with back-up routings, in-transit dry 
shipper replacement, after-hours contact with 
responsible parties, or other customized service 
solutions appropriate to the geography that will 
help ensure the integrity of each shipment.  
 
3.7 Local intervention: an example 
Despite good planning, delays will arise. When 
they do occur, researchers will be gratified to 
know that they have experienced personnel on 
the ground to manage immediate temperature 
requirements to safeguard the samples.  
Consider, for example, that a shipment has been 
packed in a dry shipper with a six-day static hold 
time. Estimated transit time between origin and 
destination is 72 hours (three days). Due to a 
late flight arrival at a transit point, the shipment 
has missed its connecting flight and remains in 
the airline’s cargo facility until the next flight 
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which departs at mid-day the following day, 
potentially delaying delivery another 24 hours. 
When the shipment does arrive at its destination 
late on Friday afternoon, it is earmarked for 
inspection which, because of the weekend 
schedule, will not occur until Monday. 
 
Recognizing that the dry shipper risks exceeding 
it optimum holding time, the logistics provider 
brings a fully-charged replacement dry shipper 
to the airport and transfers the contents of the 
original dewar to the new unit. The dry shipper is 
recharged over the weekend and, upon release 
from Customs, the samples are transferred back 
to the original system and delivered to the 
consignee in perfect condition.   
 
Despite the seeming simplicity of this solution, 
the process outlined above takes excellent 
planning and intricate knowledge of local 
customs requirements. If, for example, the 
situation outlined above occurs on an import into 
the United States where the temporary transfer 
to a fully charged dry shipper is required, the 
transport provider must present customs with a 
"manipulation form" before gaining access to the 
dry shipper. Similar requirements exist in other 
parts of the world, but may have a different 
name for the form and/or process. Clearly, 
experience, anticipation and attention to detail 
on the part of the logistics provider is crucial to 
the smooth and error-free execution of the 
required intervention. 
 

 
 
Figure 4: A discharged (empty) dry shipper is identified for 
recharging 

4.0 Choosing a logistics provider 
 
Because the needs of each laboratory and 
program are unique and the geography often 
far-reaching, researchers choosing a logistics 
provider for ultra-sensitive cryogenic 
consignments should focus on the 
fundamentals: 
 
• GxP compliance 
• a global reach 
• proven pharmaceutical and 
temperature-controlled transport experience and 
then identify specific capabilities that address 
individual needs. 
 
4.1 GxP compliance 
 
In today’s environment of increased regulatory 
scrutiny, GxP is the cornerstone of the research 
community’s need to meet independent quality, 
regulatory and ethical standards. For 
researchers, verifiable ‘in spec’ temperatures of 
biological samples is inextricably linked to the 
quality of the research findings. For practitioners 
shipping tissue samples, cord blood or stem 
cells for therapeutic interventions, maintaining 
the integrity of these fragile biologicals 
represents a clear patient safety issue. In both of 
cases, GxP is universally accepted as the 
worldwide standard of compliance and quality 
oversight. 
 
Global GxP compliance has never been more 
critical, particularly in light of the substantial 
increase in the volume of samples being 
transported, often under challenging 
circumstances. As a result, all international 
regulatory agencies now call for strict GxP 
compliance throughout the entire length of the 
pharmaceutical supply chain − including 
transport, storage and distribution −  from clinical 
trial right through to the commercialization 
phase. It is ultimately the responsibility of the 
pharmaceutical company or laboratory to ensure 
that all supply chain participants comply with all 
applicable regulations including temperature and 
product stability requirements.  
 
Although it has long been mandatory for 
transport companies servicing the 
pharmaceutical industry to ensure GDP (Good 
Distribution Practice) compliance, this 
requirement has not largely been enforced at the 
regulatory level to date. Accordingly, while all 
other laboratory, production and clinical trial 
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activities now routinely conform to 
pharmaceutical good practice guidelines, the 
element of third-party transportation and 
distribution may correctly be perceived as one of 
the ‘weakest links’ in the supply chain. 
 
This claim is supported by an MHRA (Medicines 
and Healthcare Products Regulatory Agency) 
study which found that some 43% of critical and 
major product deficiencies related to ineffective 
temperature control and monitoring during 
storage and transport. Similarly WHO recently 
contended that 25% of all vaccine products 
arrived at their final destination in a degraded 
state. 
  
Moving forward, the industry will undoubtedly 
work towards ensuring complete regulatory 
compliance by taking a more harmonized 
approach to transportation and logistics, and 
partnering exclusively with qualified suppliers to 
eliminate unnecessary supply chain risk. 
 
4.2 About GxP 
 
“GxP” – a general term for the Good Practice 
quality guidelines and regulations used in many 
fields including the pharmaceutical industry – is 
designed to ensure product safety and integrity 
during the manufacturing, control, storage and 
distribution phases. Although the basis for the 
transportation/courier industry rests primarily in 
Good Distribution Practice (GDP), it also 
embraces requirements from Good 
Manufacturing Practice (GMP), Good Clinical 
Practice (GCP) and Good Storage Practice 
(GSP). 
 
4.3 The GxP-compliant logistics provider 
 
By partnering with a GxP-compliant logistics 
provider, researchers are assured of regulatory 
compliance not only in the laboratory, but at all 
points in between. By utilizing a fully-integrated 
GxP-compliant service system, practitioners will 
ensure that all aspects of their pharmaceutical 
transport and storage needs are safeguarded. A 
proven GxP-compliant transport provider will: 
 
• ensure that the integrity and stability of 
every biotech shipment is maintained regardless 
of where in the world it is delivered 
• ensure consistent handling according to 
globally applicable SOPs 
• ensure the expertise of a worldwide 
support team 

• assure compliance with all current 
regulatory standards 
• assure independent quality 
management oversight, including appropriate 
notifications and corrective actions 
• guarantee the availability of 
independently verifiable data 
• support the pharmaceutical industry’s 
need for qualified supply chain partners 
 
The only way to ensure the integrity and stability 
of every shipment is by working in partnership 
with a proven GxP-compliant service provider. 
Researchers can assure themselves of this 
compliancy by considering these practical points 
as they relate to the chosen service provider and 
asking pertinent question about the company’s: 
 
• organizational scope and SOPs 
• degree of specialization 
• internal support infrastructure 
• vertical integration and multi-
functionality 
• transparency 
 
Managing complex temperature-controlled 
pharmaceutical shipments requires a high 
degree of expertise as well as a truly global 
network. To ensure continuity of service and 
optimum control, it is imperative that shipments 
be handled by trained company personnel rather 
than by external agents or sub-contractors, 
especially in emerging nations. A superior level 
of temperature-control training and expertise at 
all staff levels should be in evidence as well as 
the availability of proven packaging products 
and solutions in all relevant locations. 
 
Potential suppliers should also be able to 
demonstrate a consistent worldwide approach to 
Quality Management along with strict adherence 
to protocol-specific requirements and 
documented SOPs. Documented GxP 
compliance is crucial. 
 
Finally, the presence of a strong informational 
technology system to support both customers 
and field personnel will help to optimize supply 
chain control. 
 
4.4 Global reach: succeeding in 
emerging markets 
 
Service consistency and quality oversight is 
never more important than when shipping to 
emerging markets. Assuring compliance through 
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GxP is only the beginning when doing business 
in these locations. It is not enough that a 
company is GxP-compliant in key locations like 
London or New York. Compliance must be 
regulated throughout the provider’s entire 
network so that shippers can be assured of 
systemic quality and reliability in every serviced 
location. 
 
When choosing a logistics provider for these 
often challenging destinations, it is critical that 
researchers understand the local service 
capabilities of their provider in each individual 
country or market where shipments will travel. In 
view of the extreme temperature variations in 
many of these locales, local expertise in 
managing cryogenic shipments is imperative as 
is access to an appropriate range of approved 
dry shippers and a solid understanding of the 
local customs and regulatory environment. 
 
With many logistics providers relying on external 
sub-contractors to manage local operations in 
emerging nations under the supervision of a 
small number of corporate offices, researchers 
are encouraged to determine exactly who will be 
handling their shipments in each location − the 
provider’s own staff, or a sub-contracted third 
party − and to find out how SOPs are 
implemented and quality is assured locally. 
 
4.5 Proven experience: specialized focus 
 
All logistics companies are not created equal. 
High-volume transport providers typically prevail 
by using a consolidated, hub-system business 
model that keeps costs low and individualized 
staff interventions to a minimum. Other providers 
have adopted a specialized business model that 
caters to customers in demanding industries 
with specific requirements. 
 
Given the intrinsic nature of pharmaceutical 
shipments − virtually all are highly time- and 
temperature-sensitive, high value and mission-
critical − researchers should seek out providers 
with a proven track record in managing these 
types of shipments. What percentage of the 
service provider’s business is derived from time- 
and temperature-sensitive shipments? from 
pharmaceutical shipments? How many clinical 
trials have been managed? over what period of 
time? What are the experiences of other 
colleagues with this supplier? How is the 
provider perceived within the industry? 
 

Shippers transporting stem cells, cord blood, or 
bone marrow may be more concerned with the 
service provider’s emergency response 
capabilities. Can service be expedited 24x7? 
Does the company offer flexible routing 
alternatives like dedicated drive-aways and 
hand-carries? What is the ‘trigger time’ to 
coordinate an on-board courier? What types of 
contingency plans are in place to manage risk 
and how are these measures set in motion and 
implemented? 
 
a. Regulatory compliance; b. Proven expertise 
with temperature control and cryogenics; c. 
Quality management and oversight. Speed and 
reliability. These are the fundamentals that 
cannot be compromised. Beyond this, every 
shipper has unique needs. Researchers are 
encouraged to first understand their own 
requirements and then to challenge their 
provider’s ability to meet them. 
 
 
5.0 The successful transport of a 
cryogenic shipment: seven steps 
 
 
1. Clearly understand the regulatory 
requirements of the country of destination. 
 
2. Partner with a proven GxP-compliant 
transport/logistics provider with company 
personnel in the country of destination. 
 
3. Become familiar with intervention 
capabilities of the logistics provider in all 
countries through which the shipment must 
travel. 
 
4. Provide after-hour contact information to the 
logistics provider. 
 
5. Choose the correct size/static holding time 
of dry shipper to allow for temperature integrity 
over the anticipated delivery time, building in an 
allowance for an appropriate level of delivery 
risk; communicate charge time with the logistics 
provider for a coordinated pick-up that optimizes 
transit. 
 
6. Complete all paperwork accurately and 
completely. 
 
7. Ensure that samples are packed according 
to specifications. 
 


