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to the challenges encountered in compromised, low-resource healthcare se�  ngs such as 
disasters, confl ict, and poverty.

There are s� ll many barriers to the widespread uptake of maggot therapy in healthcare 
se�  ngs. This book will be essen� al reading for a global audience of doctors, nurses, allied 
healthcare providers, students, and entrepreneurs with an interest in maggot-assisted 
wound care. It will be the go-to reference for those who plan, regulate, and coordinate 
healthcare, and want to establish a maggot therapy program, par� cularly in low- and 
middle-income and other compromised healthcare se�  ngs where maggot therapy can 
provide much-needed, aff ordable, and effi  cacious wound care.
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16. Packaging Technology

Frank Stadler

This chapter is concerned with the packaging of medicinal maggots 
for sale and transport. After fly eggs have been disinfected, 
incubated, and the microbial safety of eggs and maggots has 
been confirmed, medicinal maggots are counted and transferred 
to primary packaging for safe transit to the point of care. This 
primary packaging may then be further packaged within a 
cardboard box that forms the secondary packaging along with 
package inserts that specify vital product and use information. In 
addition, when medicinal maggots are transported over greater 
distances or under unfavourable climatic conditions, insulated 
transport packaging is essential. 

Introduction

This chapter is concerned with the packaging of medicinal maggots 
post-production and in preparation for transport to the wound care 
provider. After the eggs are disinfected and incubated, and after the 
microbial safety of eggs and maggots has been confirmed, medicinal 
maggots are counted into treatment units—usually in multiples of 50 
maggots per unit (e.g. 100, 250, 500). For safe transit to the point of 
care, they need to be placed into a suitable container that holds a single 
medicinal maggot unit. Because this container is in direct contact with 
the product, it is called the primary packaging. In the case of ordinary 
pharmaceuticals (e.g. tablets) the primary packaging is then further 

© 2022 Frank Stadler, CC BY-NC 4.0  https://doi.org/10.11647/OBP.0300.16

https://doi.org/10.11647/obp.0300.16


350 A Complete Guide to Maggot Therapy

packaged, for example inside a cardboard box, which is referred to as 
the secondary packaging [1]. For medicinal maggots that are produced 
at the point of care, for example at a hospital, such secondary packaging 
may not be necessary, provided that the primary packaging is labelled 
with all the information that would ordinarily be on both the primary 
and secondary packaging. However, if a producer supplies medicinal 
maggots on a commercial basis to customers, then appropriate secondary 
packaging is desirable to convey essential product information, and to 
protect the product. In addition, transport of medicinal maggots to care 
providers that are not located in the same institution where the maggots 
are produced requires insulated cool-chain packaging. Distribution 
logistics is covered in Chapter 17 of this book [2]. 

This chapter follows guidance on the essential requirements for 
primary and secondary packaging as well as temperature-controlled 
transport packaging for medicinal maggots. The chapter provides only 
an overview of the aspects that must be considered when packaging 
maggots. It is critical that producers confirm with their own national 
regulators the specific local requirements for the packaging and labelling 
of therapeutic goods.  

Primary and Secondary Packaging

The primary packaging must provide adequate humidity, ventilation 
and a secure enclosure so that the small, young maggots cannot escape. 
In addition, the primary packaging must be sterile at the time of 
packaging and protect medicinal maggots from microbial contamination 
for the duration of transport until they are applied to the wound. The 
primary packaging may hold maggots that are either i) provided for 
free-range application, which means that they are directly placed into 
the container—with or without a moistened gauze pad, or ii) they are 
sealed first in a teabag-like net pouch and then placed into the primary 
packaging [3]. 

Producers may package medicinal maggots in sterile, hard-shelled 
pathology sample jars made of plastic, or various other types of 
laboratory-grade plastic containers of similar volume (Figure 16.1). 
There is no hard and fast rule, so long as the above-mentioned conditions 
are provided. The larger the volume of the jar the less need there is 
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for ventilation and tightly sealed containers can be used for primary 
packaging purposes—but only if there is fast delivery of the maggots at 
cool temperatures, which slows down maggot metabolism and oxygen 
consumption. Medicinal maggots die if not adequately ventilated. In 
addition, larger volume containers result in parcel space being wasted 
with thin air. Therefore, smaller-volume, slender tissue culture vials or 
tubes that are fitted with a filter lid, and thereby allow gas exchange, 
may be used to reduce the volume of packaging, and consequently 
healthcare waste (Figure 16.1). The primary packaging system may 
then be packed either directly into a transport box or further placed 
inside branded secondary packaging that does not inhibit ventilation of 
the primary packaging. 

Figure 16.1 Primary packaging containers that may be used for the transport of 
medicinal maggots: A) Sterile 70 mL pathology specimen jar suitable only for rapid 
delivery at cool temperatures, unless modified to permit air exchange, B) Tissue 
culture tubes fitted with a filter lid that permits air exchange while maintaining 
sterility. Photos by (A) F. Stadler, MedMagLabs and Creating Hope in Conflict: A 

Humanitarian Grand Challenge, CC BY-ND and (B) © TPP, www.tpp.ch).  

Consumer safety is a major concern in healthcare and therefore 
providers of therapeutic goods need to ensure that their goods cannot 
be tampered with prior to reaching the patient. In the case of medicinal 
maggot packaging, this may be achieved with 

• a tape seal, a heat shrink band, or a perforated wrapper 
applied to the primary packaging that will need to be broken 
in the process of opening the container [4]; and/or

• a tape seal on the secondary packaging box which also reveals 
any access to the packaging content when broken [4].

http://www.tpp.ch
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Air-tight plastic wrapping around the secondary packaging box must be 
avoided because it would restrict airflow and ventilation of the primary 
packaging container and its living content.  

As alluded to earlier, the primary or secondary packaging (if used) 
for medicinal maggots will need to be labelled according to best practice. 
The World Health Organization (WHO) guidelines on packaging for 
pharmaceutical products [1] say that the labels on primary/secondary 
packaging should at least provide the following information:  

• the name of the drug product; 

• a list of the active ingredients and their amounts;

• a statement of the net contents (number of dosage units, mass 
or volume)

• the batch number assigned by the manufacturer; 

• the expiry date in an uncoded form; 

• any special storage conditions or handling precautions that 
may be necessary; 

• the directions for use, and any warnings and precautions that 
may be necessary; 

• the name and address of the manufacturer or the company or 
person responsible for placing the product on the market.    

Ideally, wound care practitioners should be familiar with maggot 
therapy prior to ordering and receiving medicinal maggots from the 
producer. A package insert should nevertheless be forwarded with 
each medicinal maggot consignment or inserted into the secondary 
packaging boxes. Information provided on the package insert should 
complement information printed on labels. It must explain to the 
healthcare practitioner what medicinal maggots are, how to use them, 
what the indications and contraindications for maggot therapy are, 
and what potential side-effects to look out for. With the rise in mobile 
telephony especially in low- and middle-income countries, the package 
label and package insert may also refer to a website or mobile device 
application that provide i) helpful treatment information, ii) answer 
frequently asked questions, and iii) contact details for a helpline in case 
practitioners require additional guidance. 
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Counterfeiting. Counterfeit medicines are a growing problem, 
particularly in developing countries [5]. They imitate the original 
product and apart from being an intellectual property infringement, 
counterfeit medicines may be of poorer quality and potency. Because 
flies are relatively easy to produce, maggot therapy will be vulnerable to 
counterfeiting in low- and middle-income countries. 

The food and pharmaceutical industries seek to prevent counterfeiting 
with radio frequency identification and one- and two-dimensional 
barcode technologies, which in turn allow track-and-trace monitoring of 
batches throughout the supply chain [6]. The Guidelines for Bar Coding 
in the Pharmaceutical Supply Chain [7, 8] set out best-practice barcode 
use in the pharmaceutical supply chain. In addition to authentication of 
products, such bar coding can facilitate the back-tracing of production 
batches in case of an adverse event during treatment. For example, the 
Australian Red Cross Blood Service is a bio-medical product supply 
chain that successfully uses bar code identification and tracking of blood 
products from collection to transfusion [9]. However, radio frequency 
identification and other tracking technologies come at an extra cost, 
which must be borne by the supply chain and, ultimately, the customer 
[10]. 

In Nigeria, mobile phone solutions are available for patients to 
detect counterfeit drugs. A short code found on the packaging is sent 
via text message to the service provider who then verifies authenticity 
of the medicine [11]. In addition, the packaging technology itself 
can assist with the identification of authentic medication. Solutions 
include packaging design features, security labels, coding, printing and 
graphics, holograms and forensic markers [12]. 

Irrespective of these measures, poor patients receiving care from 
unqualified healthcare providers will be the most likely targets for 
counterfeit medicinal maggots. Heavy discounting of maggot therapy 
through a means-tested payment schedule or other financial support 
from governments and NGOs may be more effective than the above-
mentioned counterfeit prevention measures because if the poor are 
given access to affordable, high-quality maggot therapy products and 
services, there is little incentive for them to use risky, illegal alternatives.    

Having discussed the dangers of counterfeit medicinal maggots and 
options to guard against fraudulent supply, it must be mentioned that 
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there are situations when such informal entrepreneurial activity might 
be welcome. For example, modern warfare and conflict increasingly 
target and affect civilian communities which are consequently impacted 
by violence, isolation and lack of resources. In such cases, it would be 
beneficial for isolated, conflict-affected communities to rear their own 
medicinal maggots to care for casualties and those patients with chronic 
wounds [13].  

Transport Packaging

Temperature Control

Medicinal maggots are temperature-sensitive products. For example, 
Lucilia sericata maggots will die at temperatures over 47℃ [14], which are 
easily reached during the summer in vehicles that are not equipped with 
appropriate air conditioning. At the other extreme, prolonged exposure 
to cold temperatures below 6℃ can also harm medicinal maggots. 
Under no circumstance must they be cooled below 0℃ as freezing will 
kill these fragile organisms. However, cool temperatures at and above 
6℃ can be exploited to slow down the maggots’ metabolism in order to 
arrest their development and extend the period they can be kept without 
food. Some producers have stored L. sericata maggots at temperatures as 
low as 4℃ for up to 5 days [15, 16] without unsustainable mortality, but 
it is now generally accepted that medicinal maggots in transit should be 
maintained at temperatures between 6℃ and 25℃ and that they should 
be administered within 24 to 48 hours from dispatch [17, 18]. 

As Figure 16.2 illustrates, the acceptable temperature range for 
medicinal maggots in transit and short-term storage ahead of maggot 
therapy appears to overlap with that of many heat- and freeze-sensitive 
vaccines, which must be stored at all times between 2℃ and 8℃ [19], 
and red blood cell products which must be stored between 1℃ and 10℃ 
[20]. Thus, the management of vaccine and blood supply chains faces 
the same challenges as medicinal maggot distribution, and this provides 
opportunities for supply chain collaboration and integration, as well as 
mutual learning [21]. 
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Ineffective cooling with temperatures rising beyond recommended levels 
has been observed for blood product shipping containers [20, 22]. In the 
vaccine cold chain, however, it is the accidental freezing of vaccines that 
leads to frequent and significant vaccine wastage. It appears that vaccine 
cold chains fail because healthcare workers are insufficiently trained, 
cold storage and transport equipment is inadequate, and there is an 
unreliable power supply or other disruptions to refrigeration equipment 
[23]. In compromised healthcare settings these conditions may be the 
result of socio-economic disadvantage or armed conflict [24], but they 
are also encountered in high-income healthcare settings. It is a common 
observation that there are significant awareness and training gaps in 
health workers and cold chain system inadequacies in high-, low-, and 
middle-income countries, and that these put vaccine potency at risk [25, 
26]. Consequently, improved training and education, implementation of 
equipment upgrades, and improved systems and standards can lead to 
significant improvements in cold-chain management [27–29]. It follows 
that the performance of medicinal maggot cool chains will also benefit 
from such measures, especially in compromised healthcare settings.

Cool- and Cold-Chain Packaging Solutions

Heat sensitive pharmaceuticals, chemicals and biologics are generally 
shipped using disposable cold-chain packaging [30]. These containers 
are made of highly insulating materials such as polystyrene and cool 
elements are used to lower the internal temperature to the desired 
range. Commercial medicinal maggot suppliers in Europe and the 
United States use such disposable packaging. However, in recent times, 
multi-use cold-chain packaging solutions have come on the market 
that are able to maintain the 6–25℃ temperature range necessary for 
medicinal maggot transport [30]. Moreover, multi-use new vaccine 
transport container designs also utilise passive cold storage which 
employs sophisticated insulation, phase-change cooling elements, and 
precise temperature monitoring [31]. 

There are economic and environmental considerations when deciding 
on the best packaging solution for medicinal maggots. Reusable packaging 
systems have been shown to save money and significantly reduce waste 
and carbon emissions when compared to disposable packaging [30, 32]. 
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These are important issues to consider when establishing a supply chain, 
particularly in low- and middle-income countries, because distribution 
inefficiencies and the need to provide affordable wound care may require 
more cost-effective distribution solutions. Furthermore, pharmaceutical 
waste is a significant environmental issue and should be reduced if 
possible [33–35]. The benefit of reusable packaging in the cold and cool 
chain has been demonstrated by Eli Lilly who implemented the Credo 
system of reusable packaging [36] and closed-loop reverse logistics 
for cold chain shipments using four sizes of shippers. As a result, they 
reduced the number of shippers per order, achieved a shipper return 
rate of 96%, reduced waste by 192,505 kg in the first year, and saved $2 
million annually [37]. 

What type of packaging medicinal maggot producers choose 
will depend ultimately on the transport distance, the environmental 
conditions encountered in transit and at the point of care, and the 
number of primary packaging units to be shipped. For example, if a 
producer only supplies a few local hospitals that are nearby and can be 
reached by courier or personal delivery within an hour, only very basic 
packaging is required to keep temperatures at or below 25℃. If the aim 
is to maintain ideal conditions for 24 to 48 hours because of distribution 
distance or transport inefficiencies, then more sophisticated cool-chain 
packaging is required. Packaging systems will also need to be selected 
to match the volume of shipments. Fortunately, cool-chain packaging 
comes in a variety of sizes. In practice, wound care providers order one 
or a few medicinal maggot units at a time, which means that producers 
require mostly small-volume cool-chain packaging solutions. 

Temperature Monitoring and Field Testing of Packaging

Producers are advised to test the performance of their selected packaging 
before routine use and bulk purchase. This can be done easily and 
inexpensively with multi-use temperature data loggers [38]. Testing is 
as simple as sending parcels to customers using the preferred cool-chain 
packaging that contains i) typical consignments of medicinal maggots, 
ii) cool elements, and iii) a small electronic data logger that measures 
and records the internal temperature of the package at intervals. It is 
important that the data logger is not stored directly next to the cool 
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elements but instead in close proximity to the medicinal maggot primary 
packaging units. Upon receipt of the consignment, the customer records 
the date and time of delivery, checks whether the shipped maggots are 
alive and active at room temperature, and returns the data logger to 
the producer for analysis. Such testing should be repeated periodically, 
especially if the producer receives complaints regarding poor-quality 
maggots or the therapeutic efficacy of supplied medicinal maggots.  

Summary

Like most therapeutic products, medicinal maggots will need to be 
transported from the lab where they are produced to the point of care. If 
the point of care is located in the same organisation or place, demands 
on packaging are not so great and simple, sterile primary packaging 
with WHO-compliant labelling will suffice. 

However, for commercial producers shipping medicinal maggots 
over great distances to their customers, primary packaging that permits 
ventilation and gas exchange while still protecting medicinal maggots 
from microbial contamination is required. In addition, high-performing 
insulated packaging is required to maintain the fragile payload at 
a temperature range between 6–25℃. Fortunately, there is an ever-
increasing array of cool- and cold-chain packaging solutions to choose 
from. Commercial producers may also like to brand their products 
with secondary packaging which must not obstruct primary packaging 
air exchange. Every shipment of medicinal maggots should also be 
accompanied by a package insert that complements primary packaging 
labels with vital information about the producer and product such as 
indications, contraindications, treatment advice, and side-effects. 

The establishment of a black market for counterfeit medicinal 
maggots must be avoided when maggot therapy is introduced to low- 
and middle-income healthcare systems. Various technologies can be 
adopted from the pharmaceutical industry, including tamper-proof 
packaging, radio frequency identification, and phone-based verification 
systems. Appropriate packaging technology that ensures not only 
product viability and safety, but also safe use of medicinal maggots once 
they arrive at the point of care, is a critical part of the maggot therapy 
supply chain. Importantly, the available packaging technology options 
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determine which distribution systems for medicinal maggots can be 
established. 
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