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ABSTRACT
The COVID-19 virus has been spreading across the globe since late 2019.  Originally it was slower to reach Nigeria 
and Rivers State in particular, but advance more rapidly in 2020,  and severely affected patients with difficulty 
breathing.  Most rontline healthcare workers lack Personal Protective Equipment (PPE's) and ventilators are in 
extremely short supply in University of Port Harcourt Teaching Hospital and Lulu-Briggs Health Center.  Our aim is 
to launch a wide-spread response and produce PPEs applying the 3D printing technology for the COVID-19 
pandemic in University of Port Harcourt and Rivers State at large. Two Thousand (2000) face-shields were printed 
with University of Port Harcourt inscription on it and were distributed across the various health facilities in Rivers 
State, Nigeria and particularly, the University of Port Harcourt Community. One Hundred (50) N-95 Nose mask was 
also printed and distributed accordingly. Local production of PPE will protect health care workers and patients 
(University of Port Harcourt staff and students), improve delivery time and availability, reduce the spread of virus 
and save lives in our university community.
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INTRODUCTION worst case scenario, characterized by zero mitigate 
2. 2The COVID-19 pandemic has placed an enormous measures  Bloomberg (2020)  in a report noted that the 

strain on health care workers, and its potential impact demand for ventilator is ten times the current supply 
has implications for the physical and emotional well- capacity which is as a result of the pandemic. 
being of the work force. As the COVID-19 pandemic Ventilators became very expensive, the prices ranges 
accelerates, global health care systems have become between USD 20,000 and USD 50,000 depending on 
overwhelmed with potentially infectious patients the type.
seeking testing and care. Hospital systems run far over 
capacity, facing possible shortages of critical care The shortage of safety gear at one Manhattan Hospital 
medical resources and Personal Protective Equipment is so dire that desperate nurses have resorted to wearing 

3(PPE). Foremost on the minds of frontline health care trash bags .  We don't want such situation in our 
workers working in conditions of possible contagion is University health centre. Preventing the spread of 
personal safety. infection to and from health care workers (HCWs) and 

patients partially depends on the effective use of 
1WHO (2020)  recommends the appropriate use of PPE personal protective equipment (PPE) such as face 

4for the protection of  health workers as paramount and masks, face shields, and sometimes ventilator . A 
these PPE  include respiratory  N95 masks, Face shield, critical shortage of all of these PPE's is projected to 
eye protection, hand gloves, coverall and safety booth develop or has already developed in areas of high 
must be prioritized for health care workers and other demand. With the real possibility of insufficient 
caring for  COVID -19 patients. amounts of PPE, such as N-95 nose masks, face shields 
WHO as at April, 2020 shipped nearly a million sets of and ventilators, health care workers have been 
personal Protective Equipment to 47 containers, but the expressing increasing concern in their daily work 
supplies was insufficient. environment. Also school resumption has raised a lot of 

questions among lecturers and students in Nigeria. 
An epidemiological model developed by imperial 
college of London estimates that Africa will require African five priority actions to step –up Africa's 
30,000 ventilators in a best case and 400,000 in the response were first, to fast tract imports, exports and 
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movement of skilled personnel within Africa and our team has worked diligently to track down and 
globally. Secondly, to scale – up local manufacturing follow up all potential leads to produce and preserve 
capacity. This is to enable local manufacturing and adequate PPE for staffs and students, while keeping 
support effective industrial reconversion of PPE's. staff updated about PPE supply status. 
Thirdly, to manage supply chain effectively, implement 
a coordinated continental approach, leveraging on the Face shields come in various forms, but we produced 
African Union commission and to coordinate at the customized face shield with University of Port 
continental level, levering on regional economic Harcourt printed on it. This positioned the University 
communities. Fourthly, to bridge-short and long-term properly as an entrepreneurial University. The face 
financial gaps; to fast track financing for companies shield will provide a clear plastic barrier that covers the 
involved  in providing COVID – 19 related solution  face. For optimal protection, the shield extend below 
and finally, to ensure affordable access to technology the chin anteriorly, to the ears laterally, and there was 
knowledge, drug and vaccine South African no exposed gap between the forehead and the shield's 

5 6 9government . Bryan and Rick  reported plans to make headpiece . 
more than a billion masks by the end of the year fight the 
pandemic and emphasized that localized supply chains Our team has been trained by a team at the Worcester 
are a secret weapon to achieve this goal. Polytechnic Institute (WPI) to use 3D printing 

technology to produce various PPEs and ventilator 
In an official report in Egypt, the chairman of major assembly in response to the COVID-19 in Africa. 
state owned mental industries company says the first The aim of this research was to launch a wide-spread 
local made Medtronic's ventilator will be ready for response in preparation for the COVID-19 pandemic in 

7 University of Port Harcourt, hospitals in Rivers State mass production Ahmed .  The spread of this deadly 
and other surrounding States. respiratory disease which emanated from China in the 

late 2019 has led a global shortage of critical medical 
MATERIALS AND METHODSsupplies of PPE's (ventilators and respirators) hence an 
In the current research, 3D Printing Technology was Egyptian company believes that it should not wait for 
applied to produce various PPE's (Face shield and N-95 the situation in Egypt to get worse to come up with 
nose mask), in response to the COVID-19 pandemic in solution related to the production of ventilators. 

8 Nigeria. This face shield protects the face by limiting Bauchner et al  reported that ventilator demand in 
aerosol and splatter exposure from the front and from Africa is high hence called for a large increase in 
above. It is a supplementary face shield created as an production and innovation. They recognizes the 
emergency action to provide backup personal challenges, concerns, and frustration about the shortage 
protective equipment (PPE) options if the standard PPE of personal protective equipment (PPE) that is affecting 
is unavailable. This device has gone through a special the care of patients and safety of health care workers in 
verification process expedited strictly for the response the US and around the world.
to the COVID-19 pandemic.
The following materials are required for the production  There is need for the production of these PPE as we 
of the PPE's:wait the reopening of the institution in Nigeria. The 

Ø3D printing machinesNational Agency for Science and Engineering 
ØPLA filamentsInfrastructure (NASEN), produced the first made in 
ØTransparent filmsNigeria ventilators. Nigeria received donated PPE from 
Ø3-layer filtersWHO and China since the COVID -19 outbreak on the 

th The face shield and N-95 nose mask would be printed 27  February 2020, but current statistics demand 
using the 3D printer and other accessories would be proactive measure in boasting the production of PPE 
used for the finishing. The steps required for the locally. The Nigerian military reported its successful 
production of the PPE's is shown in Figure 1.production of a ventilator using local content and also 

mass production of personal protective equipment and 
ventilator to cushion it's shortage in the country and 
boast  the fight against the deadly COVID -19 
(Coronavirous). 
Disrupted supply chains are making it difficult to secure 
the necessary provisions. Local production of supplies 
will improve delivery time and availability of critical 
equipment. Access to proper PPE will protect 
healthcare workers; reduce the spread of the virus; and 
save lives.

To prepare for school resumption in our University, 
there is need to provide PPE to frontline health workers 
and students visiting the University of Port Harcourt 
Lulu-Briggs Health Centre.  To address this concern, 
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Figure 1: Steps of production of the PPE's

RESULTS
The face shield and N-95 nose mask was printed using the 3D printer and other accessories for the finishing.  Two 
Thousand face shield was printed with University of Port Harcourt inscription on it and was distributed across the 
various health facilities in Rivers State, Nigeria and particularly the University of Port Harcourt community. Fifty 
N-95 Nose mask was also printed and distributed according.

Figure 2: 3-D printing of N-95 and face shield in University of Port Harcourt.
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Figure 3: The design of University of Port Harcourt customized Face shield frame

Figure 4: The design of University of Port Harcourt customized Face shield frame cover
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DISCUSSION reduce harm for patients, and the approval of health 
In this work, we successfully printed several face service authorities had not been considered.  
shields and N-95 nose masks. The face shield frame 
(Fig. 2) took about 1h and 30 min to print each.  N-95 We ensured that our PPE was clean and sterilized 
nose mask (Fig. 2) took about 4 h and 10 min to be before distribution and usage by health workers and the 
printed. All the models that we produced with our entire university of Port Harcourt community. Expert 
methodology presented a high detail and replicability, design consideration and medical/health service 
thus demonstrating the feasibility of this technology in authority approvals was also requested for validation 
the production of face shield and N-95 nose mask before the field shield was distributed. 
accuracy.

CONCLUSION
The single-frame design used <10 g PLA filament and The COVID-19 virus has been spreading across the 
took approximately 15 min production time to globe since late 2019. Most Frontline healthcare 
assemble the transparent shield to the frame. It took us workers lack Personal Protective Equipment (PPE).  As 

10 the country has resume schools, lecturers and students less time compared to the work of Celik et. al.,  that the 
need PPE's and possible use of ventilators in severe assembly of the transparent shield took them 35 min. 
cases. Our team has designed and produce PPEs (Face Our design did not cause any pain around the ear as 
shield and N-95 nose mask) applying 3D printing compared to the eyeglass design. We also design and 
technology in response to the COVID-19 pandemic. added the inscription University of Port Harcourt on 
Two Thousand (2000) face shield was printed with our face shield (Fig 2)  These product features can be 
University of Port Harcourt inscription on it and was interpreted as the originality and advantages achieved 
distributed across the various health facilities in Rivers for this product against competitors as seen in the 
State, Nigeria and particularly, the University of Port countless of face shield on social media and distributed 
Harcourt Community. One Hundred (50) N-95 Nose in our university community. Many approaches and 
mask was also printed and distributed accordingly.concepts for face shield products produced using 3D 

technologies have been proposed during the COVID-
Local production of these PPEs will protect health care 19 pandemic to support the health services. Although 
workers and patients (University of Port Harcourt staff all of them provide some level of functionality, many of 
and students), improve delivery time and availability, their design features lack adherence to professional 
reduce the spread of virus and save lives in our design principles, optimum structural topology, and 
university community. Though the products provides ergonomics. One of our goal was to improve product 
safety features as described by the WHO, the user is quality, shorten the product development cycle.
generally responsible for their safety while using the 
products in health service facilities and public areas.This model can be printed as many times as needed 

without great expense of material and energy, thus 
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