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Abstract 
Introduction: A pandemic is the worst-case scenario in the field of infectious diseases. 
Innovative technologies have the potential to address the challenges associated with the 
manufacture of personalised drug delivery systems, biosensors and medical devices during a 
pandemic. 3D-Printing, microfluidics, and MEMS can provide an important part on this fight, 
as are cheap, easy to be operated and capable to provide rapid detection and monitoring of a 
disease.  
Areas covered: This manuscript answers the question of how these emerging technologies 
can save lives during a pandemic by avoiding supply chain delays and also by providing 
rapid diagnostics, disease monitoring, or by offering personalised treatments. The manuscript 
covers recent approaches in the topic with focus in manuscripts published in the last two 
years and by looking recent regulatory considerations by regulatory agencies in the 
manufacturing of 3DP systems or other medical devices during COVID. 
Expert commentary: New manufacturing techniques are emerging with the ability to 
address the challenges associated with the development of medical devices or diagnostics, 
during a pandemic. Are many challenges in order to achieve this and especially in short times 
that are required under a pandemic attack, which will be covered in this manuscript.  
 
Keywords: 3D-printing, COVID-19, diagnostics, disease monitoring, drug-delivery, MEMS 
devices, microfluidics, pandemic, personalised treatment. 
 
1. Introduction: Pandemics & Emerging Technologies  
Coronaviruses are responsible for the majority of common colds and are transmitted in a 
similar way to all viruses that infect the respiratory tract, primarily with droplets of saliva or 
mucus and infected hands. In December 2019, the city of Wuhan in Hubei Province (China's 
seventh largest city and the 42nd biggest city in the world) became the centre of a global 
epidemic of a new type of coronavirus, which has been officially known as severe acute 
respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2) or COVID-19 disease [1]. The 
outbreak of the COVID-19 is now the leading cause of loss, causing to date (25/06/20) the 
death to over 485,000 people and with over 9.5M confirmed cases in 213 countries and 
territories around the world [2]. However, the number of people infected with COVID-19 is 
higher than official statistics, as the vast majority who become infected have mild or no 
symptoms. The World Health Organization (WHO), on the 11th of March 2020 announced 
the outbreak of COVID-19 as a pandemic. The COVID-19 pandemic is the worst after the 
Spanish flu pandemic in 1918 that infected 1/3 of the global population. Scientists are still 
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trying to fully understand the virus and are constantly investigating the development of new 
vaccines [3] and rapid diagnostics [4].  
 
The real-time reverse transcription polymerase chain reaction (rRT-PCR) machine is the 
main instrument used for the diagnosis of viruses, including this new disease [5]. The rRT-
PCR, can take hours reaching an outcome and in combination with the detection 
capabilities/limitations of the system, can result in a significant number of false negatives due 
to the limited amount of sample collected from individuals [6]. Emerging technologies such 
as microfluidics (MF) and microelectromechanical systems (MEMS) can provide a crucial 
support in the fight against COVID-19 and other future pandemics by providing cost-
effective and rapid diagnostics, and by monitoring a disease or mimic the lungs (lab-on-a-
chip) for the investigation of new treatments. Moreover, Additive manufacturing (AM) 
technologies such as 3D-Printing (3DP) and 3D-bioprinting, can support in the fight against a 
pandemic by 3DP MF systems, and by manufacturing personalised medical devices (e.g. 
drug-loaded goggles, respiratory tubes) or drug delivery systems (DDSs) such as tablets or 
microneedles (MNs) for personalised delivery of drugs or vaccines. During a pandemic, the 
cost and time production of devices are important variables, therefore, the systems covered in 
this manuscript have all these benefits as can be prepared fast and with low cost of 
manufacturing in a hospital, small research lab or in an industrial set-up. 
 
2.  Emerging technologies in the fight against a pandemic flu 
2.1 Additive manufacturing (AM) of drug delivery systems & medical devices 
AM is a family of techniques that can be classified into 7 categories: binding jetting, directed 
energy deposition, material extrusion (e.g. Fuse deposition modelling [FDM] 3DP), material 
jetting, power bed fusion (e.g. Selective laser sintering [SLS] 3DP), sheet lamination, and vat 
photo-polymerization (e.g. Stereolithography [SLA] 3DP). AM uses a virtual Computer 
Aided Design (CAD) model to create a physical object through the sequential deposition of 
layers. Since the launching of 3DP in the 1980s, it has revolutionised the industrial and 
scientific sectors, allowing for the rapid and accurate production of structures and 
components with complexity levels that are not accessible through conventional techniques 
[7]. The 3DP techniques, which have currently applied in the pharmaceutical field for the 
manufacturing of DDS, thus has the potential to be used in the fight of a pandemic, includes 
SLA, SLS, inkjet-based 3DP, and extrusion based FDM printing [8]. 
 
3DP due to its small size, affordable prices and convenience, can be used in any environment 
including hospitals and pharmacy stores, avoiding issues with supply chain that during the 
COVID-19 pandemic caused major delays on the delivery of essential products such as 
medicines and personal protective equipment (PPE) [9]. Moreover, a drug molecule structure 
can be sent to a 3D-Printer from anywhere in the world for a rapid and personalised 
manufacturing of DDS [10]. 3DP personalised items (e.g. "no-touch" hand tools) and 
multipurpose protective items (e.g. goggles, visors and masks) with antiviral or antimicrobial 
protection can also be personalised manufactured for used by healthcare professionals in 
hospitals or by other sectors (e.g. aviation industry) [11]. Moreover, surgical instruments (e.g. 
forceps, medical clamps) and medical consumables (e.g. ventilators and oxygen valves) can 
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also be rapidly manufactured by 3DP during a pandemic. Other examples of devices that can 
be produced using 3DP includes mesh implants, cardiac valves or even complex DDSs such 
as MN. 
 
Many of the drug molecules that are currently under investigation for the COVID-19 
prevention or treatment can be manufactured as solid oral dosage forms using FDM 3DP by 
manufacturing tablets including animal shape medications that can be used for paediatrics or 
geriatrics. An example of a new oral drug that is under investigation called EIDD-2801 [12]. 
Moreover, oral drugs that are mainly used for the treatment of malaria or inflammatory 
conditions, such as hydroxychloroquine (HCQ) and chloroquine (CQ), are also under 
investigation with or without the combination of other drug molecules, for pre- or post-
exposure prophylaxis or for the treatment of COVID-19. A clinical trial started in April 2020 
in New York hospitals is testing, for the first time, the effectiveness of famotidine (an antacid 
drug for heartburn) to COVID-19 in combination with the HCQ. Researches have also tested 
the CQ diphosphate in combination with azithromycin (an antibiotic used to treat chest 
infections) and oseltamivir (an antiviral medication used to prevent and treat influenza A & 
B), however, they concluded that CQ can cause to some patients a dose-dependent increase in 
heart abnormality [13]. Personalised dose-dependent DDS can be quickly manufactured by 
3DP in hospitals per patient needs and avoid such complications. In June 2020, a UK clinical 
trial study under the codename RECOVERY, show that low doses of the steroid drug 
dexamethasone (DM; a common and inexpensive drug that created in 1957) in hospitalised 
patients with COVID-19 reduced mortality by one-third among patients in serious condition. 
DM filaments can be prepared by hot-melt extrusion (HME) and formulations to be printed in 
accurate doses by FDM 3DP. For the successful manufacturing of DDSs by 3DP, is very 
important to appropriate select materials and printing parameters, by firstly understanding the 
physicochemical properties of the individual drug molecules that are under investigation. 
 
Other examples of DDSs that can be produced by 3DP and have the potential to be used in 
the fight against a pandemic by delivering a variety of molecules, include complex DDSs 
such as MNs for personalised delivery of drug molecules or biologics. MNs can be created by 
FDM 3DP, however, these needles are requiring the use of laser etching after printing in 
order to create sharp tips [14]. SLA 3DP has high resolution capabilities, therefore, MNs can 
be prepared using this technique and be used without further process and with different 
needle sizes or/and shapes [15]. Figure 1 represents an example of a 3DP tablet manufactured 
by FDM 3DP and a 3DP single MN manufactured by SLA 3DP. Moreover, 3DP can also be 
used for the manufacturing of MF lab-on-a-chip systems, for example, Shrestha et al., 
developed a lung-on-a-chip model using a digital light processing (DLP) 3D-printer, which 
can be used to understand lung diseases and test drugs with the potential to significantly 
reduce in vivo studies [16]. 
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Figure 1: 3D printed tablet with logo Q (10 mm size) by FDM 3DP and a solid conical single 

microneedle by SLA 3DP. 
 
2.2 Microfluidics for rapid diagnosis and drug delivery 
Microfluidics (MFs) is a technique, which deals with the flow of fluids within micron-sized 
channels and can be used as a tool for diagnostics, for drug delivery and in the formulation of 
new nanomedicines (NMs) containing drug molecules or biologics (e.g. peptides, proteins) 
[17]. Drug molecules or biologics (e.g. SiRNA, peptides) can be encapsulated in liposomal or 
Poly Lactic-co-Glycolic Acid (PLGA) or virus-like particles (VLPs) nanoparticles (NP) or 
microparticles (MP) using MF, which can be used for the management of COVID-19 or other 
pandemics [3]. For example, biocompatible NPs can be formulated by MF to deliver SiRNA 
in order to activate T-cells, as researchers have shown that COVID-19 disease can affect 
them. Over than 90 vaccines are currently under development for COVID-19 across the 
world, including researchers investigating nucleic acid (e.g. DNA, RNA) and protein-based 
(e.g. protein subunit, VLPs) systems [3], which can be delivered in the body using MF 
formulations. The particles can be formulated in small batches in a few minutes in hospitals 
for personalised treatments or scale-up for industrial manufacturing with different features, 
such as particle size and charging, porosity, surface chemistry, and release profile/mechanism 
that are important parameters in nanomedicine [18]. The basic principle of a MF technology 
can be seen in Figure 2.  

 
Figure 2: Basic principle of microfluidics technology. 
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The microfluidics market is a rapidly growing field due to the portability of the device, faster 
turnaround analysis, and variety of applications that include drug discovery, drug delivery 
systems, diagnostics, point-of-care testing (POCT), food safety and chemical analysis (e.g. 
forensic or environmental or toxic materials analysis) among others. MF devices have also 
the possibility to be used for real-time monitorisation of cellular behaviour and lab-on-chip 
detection of physiological parameters (e.g. biomarkers). Microfluidic systems can be 
manufactured by variety of methods, including photolithography, injection moulding, plasma 
etching or 3DP. 
 
MF have been reported in the literature for the rapid diagnosis of breast cancer, for the 
diagnosis of antibiotic-resistant bacteria, for their applications in viral diagnostics [19], and 
for single cell analysis, among others. Moreover, MF have also been investigated for the 
diagnosis of influenza A virus, with a limit of detection (LoD) 3 × 10−4 hemagglutinating 
units (HAU)/reaction (a sample volume of 20 μL) in 40 min, that according to the authors is 
sensitive enough for clinical applications [20]. Therefore, MF systems have all the potentials 
to be used in the fight against a pandemic.  
 
Other studies have shown that 3D printed PCR MF chips have the potential to be used on the 
detection of miRNA-21, providing a rapid and cost-effective diagnostic tool [21]. 
Researchers have also developed portable microfluidic PCR systems; an example is a 
polyamide chamber and micro-heater that built-in a complementary metal-oxide-
semiconductor (CMOS) detector for visual reading of the results [22]. MF chips can 
transform the POCT offering sensitive quantification testing devices and support in a 
pandemic by providing a rapid diagnostic system or for testing new/old drug molecules (drug 
testing) using lab-on-a-chip approaches [23]. Moreover, by combining MF systems with 
MEMS the administration of vaccine antigens and antibodies can be monitored for a 
sustained/controlled release [24].  
 
2.3 Microelectromechanical systems (MEMS) for diagnostics and monitoring applications 
The ability to accurately detect biological and chemical agents is vitally important in a 
number of scenarios, from security and military applications to medical diagnostics (e.g. 
virus detection, protein activity and DNA expression). The application of MEMS technology 
creates new opportunities for the manufacturing of small, reusable, affordable, and mass-
produced electronically interfaced sensors.  
 
The detection of specific antibodies can provide information if an individual has been 
infected by COVID-19 or/and has developed these antibodies. New biosensor systems based 
on commercially available, mass-fabricated, MEMS devices with proven reliability and cost 
efficiency can help on the rapid detection of such antibodies [25]. The sensor’s mechanical 
resonance response can change during an antibody/biomarker binding, providing frequencies, 
which can be linked to a specific protein or antibody (Figure 3). The sensors can be 
incorporated into 3D printed MNs for an easy, painless and non-invasive continuous 
diagnosis and monitoring of a disease by measuring health-related markers through 
interstitial fluid, blood, or sweat [26]. 



6 
 

 
Figure 3: An example of detection on changes in the MEMS sensor output. 

 
Moreover, MEMS-MN systems can measure condition indicators such as adherence to 
treatment, clinical, lifestyle, and psychological aspects [27]. The data can be collected by 
health apps in the individuals’ phone and from there to be sent to hospitals or to a general 
practitioner (GP) / “physician” for patients continuous monitoring and for analysing the 
behavioural conditions of a disease; MNs are classed as minimally-invasive, and thus a 
MEMS-MN system will not require medical supervision. 
 
Recently, researchers, at Northwestern University, in collaboration with Shirley Ryan 
AbilityLab, announced the development of a high-bandwidth tri-axis accelerometer that can 
measure the movement in the throat skin surface using a non-invasive patch for monitoring 
central cough and respiratory problems associated with COVD-19, including the detection of 
heartrate and temperature [28]. The device will be able to monitor patients from the earliest 
signs of a COVID-19 infection, which are coughing, fever, and dyspnoea. However, what is 
missing from this patch is the analysis of blood oxygen saturation levels as can be a sign of 
COVID-19. 
 
Another sector that a MEMS smart device (with/without the use of MNs) can be used is the 
aviation industry. Traveling has always been very challenging, especially these days during 
and post COVID, with airline industries been affected by the pandemic due to the nature of 
the business related to travelling of people with unknown medical history. Airports and 
airlines are facing many challenges with researchers looking to solve some of these by 
providing rapid non-invasive POC diagnostics that will give results in seconds prior to 
checking or/and monitoring sensors that will be able during the flight to measure temperature 
and breathing behaviour of travellers. 
 
3. Conclusion 
Healthcare providers generally see a large number of people and their conditions are often 
difficult to diagnose due to potentially difficult clinical presentations and/or limited 
experience even with common illnesses. Diagnoses, can be completely lost, misdiagnosed, or 
delayed. Emerging technologies such as 3DP, MF, and MEMS have been investigated for the 
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manufacturing of diagnostics or drug delivery systems and have the potential to be used in 
the fight against pandemics by providing predictive, preventive and personalised (3P) 
medical approach. By using new technologies, devices that are easier to be operated can be 
produced and provide rapid detection/monitoring of a disease and/or provide 
sustained/controlled release of a drug molecule or biologics. MF (Lab-on-a-chip) and MEMS 
can be used to predict and detect specific diseases and to monitor the progression of the 
disease and treatment by changing the drug dosage according to individual’s clinical 
response. Of course, in order to achieve such “sophisticated” systems, the collaboration of 
researchers from diverse backgrounds is crucial.  
 
4. Expert Opinion 
New materials and manufacturing techniques are emerging with the potential to address the 
challenges associated with the manufacturing of DDSs, medical devices or diagnostics. 
During a pandemic, the cost and time production of devices are important variables that must 
be considered. Techniques such as 3DP, MF and MEMS have all these variables as are cost-
effectiveness, can be manufactured fast and in different locations without large investments, 
and can be used as personalised device for the delivery of a variety of drug molecules 
(vaccines) or as a disease diagnostics/monitoring device during emergencies such as in a 
pandemic. However, like every other technique, are some barriers in using such innovative 
technologies, which will need to be addressed, such as:  

 Effectiveness: Proof in establishing the efficacy of a new test or personalised delivery of 
vaccines, especially for the use during a new pandemic. 

 Quality Assurance (QA): QA issues are similar across healthcare systems, but there are 
variations across different regions.  

 Regulatory: Diagnostic tests classify as a medical device, therefore, are many barriers 
and long regulatory approvals. Especially during a pandemic, such as COVID-19, is very 
challenging to have the required (new) technologies delivered on time and at the same 
time following all the regulations, especially for a totally new devices. Therefore, 
regulatory agencies had to amend their medical devices instructions to address the 
pandemic [29]. 

 Validation & Verification: Usually these requirements will complete by inspections, 
tests, and analysis of the product data. All the testing for medical devices will need to 
ensure FDA compliancy, which is different from one system to another (including for 
similar applications) and takes long time. Especially for new technologies during a 
pandemic that these tests need to take place in short times, as was emphasised under 
regulatory above, a validation needs to perform by following regulatory instructions that 
have been issued under current situations.  

 Funding: Until now wasn’t much R&D around new diagnostics, especially for rapid 
analysis, however, this has been changed during the current pandemic. 

 Culture: There is still a resistance from healthcare professionals that are preferring the 
traditional approach, as in many cases are more readable.  

 Education and Communication: There is a lack of informing clinicians about the 
potential of new technologies in their fields.   
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 Hook effect: The occurrence of false-negative results, which is very common with any 
type of medical tests (e.g. blood, urine, saliva). 

 Cross-reactivity in complex fluids. 

 Product evaluation. 

 Establishing testing standards as currently are not many. 

 Sterilisation: MEMS devices will mainly manufactured in a cleanroom environment and 
MF systems will follow same protocols or standard cleaning procedures (e.g. autoclave) 
will be follow prior to any use. Hoverer, in the 3DP process, even if the fabrication 
process in most of the cases results in disinfected surface, absolute sterilisation may need 
to be guaranteed. Steam sterilisation and dry heat sterilisation can destroy polymeric 
surfaces, while a gamma sterilization-based protocol may be suitable – this has to be 
case-by-case as will depends on the materials that have been used. 

 Supply Chain: Disruption especially during a pandemic, as some of the raw materials 
will not be easily accessible or the demand for new 3DP or MF systems will be 
enormous that the suppliers will not be able to follow-up.  

 
Many pre-clinical studies, are testing the use of these technologies in the field of personalised 
drug delivery and diagnostics. However, to our knowledge, currently are no active clinical 
studies; according to the ClinicalTrials.gov website, there were a few in previous years and 
will be many more coming soon. For the successful investigation, manufacturing and field 
testing of such technologies, is very crucial to have researchers collaborating from 
multidisciplinary teams across professional/disciplines such as biology, engineering (e.g. 
biomedical, chemical, electronic and materials) and medicine. 
 
Article highlights 
 Emerging technologies have all the potential to be used during a pandemic as are able to 

address many challenges in short times. 

 3D printed systems can be manufactured with rapid and cost-effective manner, and 
support the supply chain during a pandemic. 

 MEMS devices and microfluidics systems can provide rapid diagnostics and disease 
monitoring. 

 Like many other technologies are barriers that will need to be considered in using 
innovative technologies. 

 During a pandemic, the cost and time production of devices are important variables. 
These can be addressed with the use of emerging technologies such as 3D printing, 
MEMS or Microfluidics as have all these benefits. 
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