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ABSTRACT

B outbreak of different airborne diseases such as COVID19 has led to the wearing and
ensive use of face. mask§ to help control the spread of these diseases from one person to the
her Masks are designed in such 4 way that bacterial, viral and fungal cells cannot easily be
transmf“ed from perscl)n 1o person. This study was aimed at determining the microorganisms that
ould be found on daily used face masks of Godfery Okoye students. A total of 20 face masks
o used for' this study. Ten( 10) were distributed to male and female students and worn for
J4hrs. Collection of sa'mple Was done using damp swab stick to swab the inner and front parts of
he face masks. Isolation of bacteria ang fungi was done by streaking the swabbed sticks on
Nutrient agar and Potatoe Dextrose agar and incubated for 24hr and 48hrs respectively. Samples
yith growth were counted. Identificatiop of the isolates was done by sub culturing to new media
and incubated for 24hrs and using some biochemical tests such as gram staining, catalase test,
oxidase testand I.,actoph.enol cotton blue stain etc for the identification of the unknown isolates.
from the res'ult it wa.s identified that the front part of the face mask had a higher number of
microbes being fungi than on the inner part. - Microorganisms such as Streptococcus spp.,
Legionella spp anc.i Staphylococcus SPP were the organisms identified from the inner part of the
face mask. Aspergillus spp., Fusarium spp. and Penicillium spp. are the fungal species isolated
from the outer part of the face mask. From the study it can be concluded that face masks can
indeed prevent the transfer of organisms from person to person but it can also accumulate other
microbes from the environment as a result of long usage.

Xil




CHAPTER ONE

INTRODUCTION

The best nonpharmaceutical interventions against disease spread via the respiratory route are

proadly termed social or safe distancing measures, i.€., reducing close contact between

dividuals (Benzell ef al., 2020). Where safe distancing is not possible, personal protective
equipment (PPE) is the accepted mode of self-protection. Masks and respirators are arguably the
most important piece of PPE. They are a physical barrier to respiratory droplets that may enter
drough the nose and mouth and to the expulsion of mucosalivary droplets from infected
individuals (Tang, 2009). Their role maybe particularly important in COVID-19, where infected

individuals may be shedding virus while asymptomatic or presymptomatic carriers (He ef al.,

2020).

There are many different types of face masks and respirators offering different levels of
protection to users (Long ef al., 2020). Generally, masks do not fit tightly while respirators do.
Masks and respirators may be reusable or disposable. Reusable ones include industrial-use half
or full-face piece respirators with cartridge filter attached and homemade or commercial cloth
masks; disposable ones include surgical masks, N9Srespirators, and KN9Srespirators. They all
serve the general purpose of providing some form of protection against contaminants in the air,
ranging from pollen to chemical fumes to pathogens. The filtering capacity, and hence the level
of protection against pollutants and pathogens, depends on the materials used and the
. engineering design (Mueller et al., 2020). Contaminants in the air differ vastly in size. SARS-

CoV-2 has a size ranging from 60 to 140nm (Zhu ef al., 2020), smaller than bacteria, dust, and

pollen, Therefore, masks and respirators made of materials with larger pore sizes, such as cotton




s pthetiC fabric, will not be able to effectively filter these viruses or tiny virus-laden

and :
as compared with those made of materials with much smaller pore sizes. Likewise,

dropletsa
d respirators made of or coated with water-resistant materials are more effective against

sk &
e virUS'laden respiratory droplets and fluid spills. In addition to filtering capacity, factors

Jar8
comfort and breathability also vary across different models. For instance, although

20 as user
s
e tight-ﬁtting N95 respirator has filtering capacity superior to surgical masks, they have lower

' reath.albilit)’ and may cause discomfort after hours of wearing (Zhu et al., 2020).

wearing can be effective in the containment of communicable diseases (Leung ef al.,

Mask-
) and has thus become a new nor-mal in many societies in the COVID-19 pandemic. The

2020
qrge in demand for surgical masks and respirators has led to a global shortage of supply and raw

paferials. AS @ result, many people have resorted to making their own masks, recycling used
masks, OF settling for masks offering less protection than actually needed. Researchers and

industry players have therefore been working hard to address the issue of shortage, as well as to
enhance the protection afforded by existing mask models. These efforts include (i) sourcing and

engineering alternative materials with sufficient filtering capacity, (ii) engineering the design of
masks and respirators for better protection, breathability, and user comfort, (iii) developing and
engineering multifunctional masks and materials with hydro-phobic, antimicrobial, self-

disinfecting, and even sensing properties, and (iv) exploring new technologies for efficient
‘ production and customization of masks, €.8., 3D printing (Swennen ef al., 2020).

for students and staff alike are the transmission from

- Inschools, the main risk of infection
and vice versa, contaminated instruments or

| Stl’ldent o student and from student to staff
1., 2009).Students and staff who

ipments and the school environments (Luksamijarulkul ef a




e 10 symptoms of the disease Or carriers of chronic disease are both potential sources and
ostS of infectious agents. The sources of infectious agent are the normal endogenous microbial

flora of the persons involved and the environmental sources such as air, water and the devices

hat have become contaminated (Luksamijarulkul ef al., 2009).Indoor air quality in school and

Jearning settings is an important issye, |y affects the health of school staff based on evidence data
gbout eXpOSUre to indoor air pollution, Particularly in relation to allergies, asthma and respiratory
giscases (Bennett and Parks, 2009). The aerog0] particles of biological origin e.g., viruses,
pacteria and fungal spores, have been associated with respiratory allergies, asthma, and several
air-borne infections including influenza, tuberculosis, measles, mumps, chicken pox, and

aspergillosis (Bonetta ez al., 2010) The adverse health effects of the biologic agents depend not

only on the mass or number of the inhaled particles, but also on the infectivity of agents

(Tunevall and J6rbeck, 2009)

Emerging and reemerging infections have emerged as a threat to human health in recent decade
(Wong and Tan, 2019). Given how interconnected the world is today, a pathogen capable of

human-to-human transmission can spark an outbreak far from where it originated. The virus
causing the Middle East Respiratory Syndrome, for example, emerged in the Middle East but
caused an outbreak in Korea. The world is in the midst of the COVID 19 pandemic, which is
caused by the SARS-CoV-2virus. Lock downs and travel restrictions imposed to halt the spread
of COVID-19 have led to devastating economic repercussions. The control of an infectious

liscase is based on knowledge of its mode of transmission. The recent COVID

]9Pandemiciscausedbythenovelcoro-navirus, SARS-CoV-2, which is transmitted largely by the

itatory route (videinfra)(Xie and Chen, 2020).
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. «udy aimed to investi ; - :
This study estigate the microbial contaminant in daily used face mask. We

sised that face mas . ;
ypothe ks, as a too] for reducing the bacterial shedding from the mouth, nose

ce, may become a potenti e
and fac® potential contamination sources when worn for an extended period of

pours or days:

masks are materials made f : ; _

L ¢ for the purpose of protecting the wearer from the invasion of
al materials such as dus : : . _ . :

extern ts from the environment, invasion of pathogenic microorganisms

be transmitted from
hat can person to person through air droplets. It also prevents the exposure

e unwanted and most i
of som st importantly human pathogens from sick persons from getting into
he environment.

However the wearing of face mask could also be dangerous in that as it prevents microorganisms

from being inhaled or getting into the human respiratory system it could serve as a home for

noarding microorganisms that can be consciously or unconsciously be carried and transmitted

through by touching the infected masks with the hands. This study was to determine the extent of

the microbes that can be trapped on these face masks.

1.1 Aim & Objectives of study:

To determine microorganisms on daily used face masks of Godfery okoye students

Objectives of study:

To isolate and identify the bacterial contaminants.

To quantify the microbial load
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CHAPTER TWO
LITERETURE REVIEW
.1 History and Cultural Background of Wearing Facemask

Wearing face masks in the community is like a religion, which has polarized people world-wide
into true believers and sceptics. The zealots who want the wearing of masks made compulsory
insist on their right to be protected against catching SARS-CoV-2.0pponents say the principle of
qutonomy gives them a right to decide whether or not they wear a mask and mandating the
wearing of masks infringes their civil rights. It is not surprising that masks have generated such
passionate appeals to conflicting rights. Masks have been with us for acons and have spawned
many contradictions. They have been worn for display or for disguise. They have been worn fo
woo or to wage war. They have been worn to hide or to identify. They have been used to protect
or to punish.The earliest known masks are 9000 year old Neolithic stone masks from Judea,
some of which were found in caves near the Dead Sea (Gannon, 2014). The purpose of these
masks can only be speculated butsince Neanderthals buried their dead and engaged in symbolic
and abstract thought over 50 000 years ago, it is possible that they were funerary masks. While

we now use masks for protection against infection, the Scold’s bridle was a particularly vicious

iron muzzlein a metal frame known to have been used in 16th century Scot-land to silence

women deemed to have been scolds or nags (Isaacs, 2020).

Venice is renowned for its decorative carnival masks, used to tantalize and be attractive.

However, for physicians, the most memorable andmost sinister Venetian mask is that which

features as part of the costume worn by mediaeval ‘Plague Doctors’to protect them against the




jague OF Black Death (Mussap, 2019). The costume comprised a beaked white mask, bia‘ck hat
and waxed gown. The beak was fijleq with herbs, thought to absorb noxious air, based on the

Miasma Theory of disease Propagation. The plague decimated Europe from the mid-14th
centurys each successive pandemic waye killing millions. Incidentally, Venice was a major
seaport; and Venetians were among the first to establish the principles of quarantine;

quarantenan]ea’]t4o in Venetian and people on arriving ships were prohibited from disembarking

for 40 days (Mussap, 2019)..

The controversy Over wearing masks derives from a paucity of definitive studies. A systematic
review and meta-analysis of public health methods to prevent person-to-person transmission
concluded that face mask use could result in an 85% reduction in risk of infection (Chu et al.,
2020). However, the evidence was much stronger for the use of face masks as part of personal
profective equipment in health-care settings than in community settings, and stronger for
N95/P2masks than for surgical masks and cotton masks. Furthermore, studies of the use of face
masks in the community to protect against influenza have shown that compliance is an issue,
even in Asian countries such as China (Maclntyre ef al., 2016); in contrast to the health-care
setting, there is a dearth of evidence for protective efficacy of face mask usein the community
While it is certainly possible that wearing masks would protect the public, it is also possible that
they might actually be detrimental if people wear them for too long or under their chin, handle

them when wet, or become blasé about hand hygiene through an illusion of protection (Isaacs et

dl, 2020),

-~ Advocates for making it mandatory believe that everyone wear-ing masks will protect them from

¥

g th‘munknown people infected with SARS-CoV-2 and will protect others if they themselves are




Y may in part be mqf
n >
Otivated by anxiety: masks may make th
. i em feel safer.
A jurisdictions within countries where cov
declded tha i
t the likelihood that
masks do more good than harm over-rides an
gt infringing autonomy and b y
4 ave mandated wearing masks in public. When mask-
n-dated, the aim is also
| ¢ . i VOF
0 protect others, not just the individual, anal-ogous to
sization providing ¢ i i
p p € community benefit. Wearing a mask is not a huge imposition, on
ard y worthy of acts of civil disobedience. However, wearing a mask should not be
',,-other proven public health measures: Physical distancing, practicing hand
- symptomatic, getting tested for COVID-19 and not venturing out in public with-

gat“’e test result (MacIntyre e al., 2016) Their desire for cheap, convenient,

ings has spawned a culture of people making or buying designer cloth or silk

stinctive fashion statement or to identify them symbolically as belonging to 2

LWe can find positives in this trend; involving children may give them a useful
: 'r ﬂlem cope with their anxieties about COVID-19. Until recently, Muslims were

ke in many Western countries for covering their faces and hiding their identity.
'*Westemers have started t0 develop their own face coverings as a form of
. s us that humans have been wearing masks for as long as We have been

( corona virus is writing a fascinating Nnew chapter in the cultural history of
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2.2 HOW do Masks Protect us Against Airborne Diseases?

; 2.1 The respiratory route of transmission

A respiratory pathogen may be transmitted via three routes—contact, droplet, and airborne
spread (Kutter et al., 2018). Contact transmission may be direct (i.e., transfer of virus via
contaminated hands) or indirect (i.e., via fomites). Fomites are objects or materials that may
carry infection, and spread by fomites means spread by touch. Viruses do survive for some time
on inanimate objects, although the viral load declines dramatically (Van et al., 2020). If we touch
2 contaminated surface and then touch our eyes or nose, we may inoculate the virus into our
mucosal surfaces. The role of touch in the spread of a respiratory virus is best exemplified by
sudies of the Respiratory Syncytial Virus (RSV). The spread of SARS-CoV-2via fomites has

heen elegantly demonstrated by real-world contact tracing, aided by closed-circuit cameras (Pung

et al., 2020).

Droplet spread and airborne spread are different modes of transmission of the virus through the

sir Viruses released when an infected person coughs, sneezes, sings, talks, or merely exhales
may be found in particles of varying sizes (Leung ef al., 2020). Generally, particles larger than
Sum were thought to fall to the ground within 1 metre. More recently, however, the “gas cloud”™
hypothesis has been proposed. Coughing, sneezing, or even exhaling produces mucosalivary
drop-lets that exist as part of a cloud that “carries within it clusters of droplets with a continuum
of droplet sizes”(Bourouiba, 2020. In combination with environmental factors, the “cloud” may
be propelled up to 7-8 m. Wind speed, in particular, has been shown to play a role in

determining the distance travelled by these particles (Bourouiba, 2020).Airborne spread occurs

 With pathogens found in exhaled droplets < Spm in diameter. These particles remain afloat for




o time and are able to travel long distances. Respiratory viruses accepted as being capable of

read via the airborne route inclyde measles and varicella zoster (chickenpox). These viruses
pave 8 JargeRO, a feature thought to characterize spread by the airborne route. Interestingly,
influenzd corona virus, and rhinovirug RNA, generally thought to be transmitted by the droplet
route, can be found in exhaled particles smaller or larger than Sum (Perencevich et al., 2020).
purther, viable influenza is present in particles smaller than Spm. Hence, even viruses thought to
pe transmitted P rimarily by the respiratory droplet route may have the potential for airborne
spread- Concern that SARS-CoV-2 may Spread by the airborne route rose when it was shown to
he viable for 3 hours in a drum that artificially kept particles afloat for several hours. It might be
jess well known that more basic processes like talking can also lead to the release of potentially
infectious droplets and aerosols. Using laser light scattering, it was found that there were average

emissions of about 1000 droplet particles per second during speech, with high emission rates of

upto 10,000 droplet particles per second (Anfinruder al., 2020).

By fitting the time-dependent decrease in particle detected to exponential decay times, the
droplet particle sizes and estimated viral load could be calculated. The authors estimate that 1min
of loud speak-ing generates greater than 1000 droplets containing viruses (Stadnytskyi et al,
2020). Alternatively, respiratory particles of between 0.5pmand Sum could be imaged by
aerodynamic particle sizing. When participants made the “Aah” sound, there were emissions of
up to 330 particles per second. Taking into account that aerodynamic particle sizing measures

particles under the detection limit of laser light scattering, these two methods can be seen to be

Complementary, and the total number of particles emitted could be even higher. In a separate

| Study, droplet particle emission was shown to be directly proportional to loudness, with the

R e

&

I ey e e

Mumber of particles emitted increasing from 6 particles per second when whispering to53
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partides per second at the loudest talking. The number of particles generated varied greatly
4CI0SS individuals, raising the Possibility of super spreaders who could be the primary spreaders

fviruses by talking (Asadi et q/,, 2019).

22.2 Mechanistic effect of wearing a magsk.

Masks and other PPE items serve as 3 physical barrier to respiratory droplets. With imaging
using laser light scattering, it was found that the number of flashes, which corresponds to the
qumber of respiratory droplets, could be kept at background levels by covering the speaker’s
mouth with a slightly damp wash cloth (Anfinrud er al., 2020). An in-vitro model with source and
receivel mannequins was created to test the effect of the mask on filtering away radio labeled
qerosol emitted from the source. Masking at the source mannequin was consistently more
effective at lowering radio-labelled aerosols reaching the receiver mannequin, whereas the only
experimental setup where the receiver mannequin could be equally well protected was if the
receiver mannequin wore an N95 mask sealed with Vaseline (Patel et al., 2016).Therefore, masks
can act as a physical barrier and seem to be more effective when worn by the droplet emitting
person. Masks have generally shown an effect in reducing microbial mission from infected
patients. The surgical mask was tested for its ability to block the release of various viruses by
studying the amount of virus present in the exhaled breath of patients. The investigators were
able to collect particles separated by size (>or<Sum). A significant drop in corona-viruses in
both larger and smaller particles was observed with the mask on. The mask reduced influenza
viruses found in larger but not smaller particles. After wearing a mask, no corona virus was

detected in a]] 11 patients, while influenza was detected in 1 patient’s respiratory particles (out of

27).The mask did not lower rhinovirus counts in larger or smaller particles. This suggests that

10




ier study for influenza, participants were induced to cough, and Wwith both surgica]
e

an

o

o IN95 masks, there was no influenza that could be detected by Téverse transcriptase-
sks

se chain reaction (RT-PCR) for 9 infected p
¥ erd

atients (Johnson ef al., 2009),
Jy1
p(’,

. influenza virus was separated i s fractions hacee L
i e exhaled infl ¢ parated into the fractions based on s1ze, it was found
| wh :
;cal masks were highly effective
£t SUIg:

hat »

at removing influenza from the larger coarse fraction
the

(25}"") put less effective from the fraction with smaller particles, Wearing masks has also been

oW fo protect individuals coming into contact with an infected person. In a survey of 5
f;cwspirals in Hong Kong during SARS, hospital staff were asked about the protective measures

ey took and this information was correlated with whether they were infected by SARS. It was
und that wearing masks was the single most important protective measure in reducing the
gance of get-ting infected (p=0:0001), and the people who wore cither surgical masks or N95
psks were not among the 11 infected staff. There were however 2 instances of people who
sorepaper masks being infected, suggesting that the type of masks was also important (Seto et
d,2013. A study compared the effectiveness of N95 and surgical face masks against viral
mpiratory infections in healthcare workers. Healthcare workers had no significant difference in

 ufuenza infection outcomes when wearing N95 and surgical masks, suggesting that both types

' fmedical masks could protect similarly (Radonovich et al., 2019).

Ameta-analysis was performed on clinical studies to explore the protective effect of masks. The

, "8k ratio wag calculated for the incidence of infection in the protected group vs. the unprotected
Where risk ratio < Isuggests a reduced risk. Wearing a mask protected individuals against

""ﬂ”}e,’?a-like illness, showing a risk ratio of 0.34, with a 95% confidence interval between 0.14

11




|

|

Similar to the styq .

an 0.8% e Surgical masks and N95 masks showed little difference in
tection’

e

with a risk ratio o

of 0.84 and a 95% confidence interval of 0.36-1.99 suggesting no
ificant difference in rigk (Offeddye
sig

I al, 2017).Recently, a modeling study performed by
gikenberty ¢t 8l based on coyp g infection d

ata obtained in NewYork and Washington
ggested that the broad adoption of
SUE

ace mask by the general public can significantly reduce

)m—munity transmission rate and death tol]
o v

Based on data obtained from 20‘hFebruary to

1e cumulative degt .
h rate Was projected to be reduced to a greater extent as more

ks over t :
e wear Masks over the next 2months, Therefore, the study concludes that community-wide
jdoption of face mask has great potentia] tq help curtail community transmission and the burden
ofthe COVID-19pandemic (Eikenberry et al, 2020).

;3 Performance Criteria for Masks,

231 Commercial masks.,

Face masks provide the user with protection against airborne particles, pathogens, secretions, and
body fluids by physically filtering them from breathable air. According to the American Society

of Testing and Materials (ASTM) F2100 standard, which specifies the performance requirements

for materials used in medical face masks (ASTM, 2019), five performance characteristics have

5 been identified. These are particulate filtration efficiency (PFE), bacterial filtration efficiency

§: (BFE), fluid resistance, differential pressure, and flammability. As face masks are an integral
Pt of the personal protective equipment (PPE) kit for medical use, these standardized
‘Chafacteristics ensure consistency in mask production and testing validation and help the end-

“er o make the most informed choice of mask for the intended application.

12




: ; 3 t . 5

[ par ticulate filtration efficiency (PFE),

g

‘ es the filtrati . :
e measur Tation efficiency of face masks towards mono-disperse particles under

i w rate. F 3 . : :
tant a17 flo or PFE testing, 0 lum polystyrene latex particles are used according to

8 %
5 t airflow itie
% g - velocities of 0.5-25 em/s as recommended by the ASTM F2299

antifying the filtpay: S
il for qu ying the filtratiop efhcnency of materials used in facial masks (STM, 2017).

ing is used to if ;
’L_,-ght scattering dusntity. the particle count in the upstream feed (Mu) prior to

I as that i
rations 85 We at in the downstream filtrate (Md). The filtration efficiency (E), often

s ed as a percentage, can be calculateq with Equation (1):

232 Equation

|
|

It s follows that the higher the valye of E, with a corresponding smaller P, indicates a better

abﬂlf}’ of the mask material to filter submicron particles. While theF2299 standard allows

consistent comparison of the PFE valye of different materials used for face masks, it does not

xoess the effectiveness of the overall design of the facemask, nor the quality of the mask’s seal

|
|
1
|
/ o the wearer’s face.

/ 233 Bacteria filtration efficiency (BFE).

 This test quantifies the performance of the mask material in filtering out bacteria when

P ——

dullenged with an aerosol of Staphylococcus aureus, as recommended by the ASTM F2101
Sfandard 8. aureus was chosen for its clinical relevance as one of the leading causes of

“05"991!11&1 infections acquired in a hospital or healthcare facility (Valaperta et al., 2010). To

test, an aerosolized liquid suspension of S. aureus (mean particle size of3:0+0:3 pm)

0 the target filter sample at a constant flow rate of 1 ft3/min (or 28.3 L/min). The

B2
14

13



's then drawn thro ; : : QRS S i e
goros0! 5 t ueh a six-stage Andersen sampler. Each tier contains an agar plate

edi
hich acts as a medium for the growqy, of any bacteria which passes through the filter material to
form visible colonies on the plates, A control is also performed under identical conditions in the
Jbsence of the filter specimen (Valaperta ef g, 2010)..

» surgical masks, a minimum BFg of 95%

BFE is required. It should be noted that other than
e AS6TM specifications, some m

ask manufacturers quantify BFE ratings with the modified

Greene and Vesley method (Greene ang Vesley, 2012) which measures the effectiveness of the

mask in preventing bacteria from Passing through when worn on a human test subject’s face.
rhis method is not comparable with ASTM F2101 and is not recommended by ASTM for
comparison. The ASTM F2101 method possesses numerous advantages, including a highly
reproducible testing procedure, the ability to tightly control the mean bacteria aerosol particle
size, and has not been modified for many years, which provides a consistent set of standards for
comparing across many different filter materials assessed at different times (Labs, 2020).

However, like the ASTM F2299 standard for PFE, the ASTM F2101 standard for BFE does not

evaluate the fit, design, and facial-sealing properties of the mask.

234 Viral filtration efficiency (VFE).

The viral filtration efficiency (VFE) is another parameter used by mask manufacturers for
marketing and in FDA 510(k) applications for certain N95filtering face piece respirators,
although itis not currently recognized as a standard test method by ASTM and hence is not a
fequirement for mask evaluation. The VFE test utilizes the same procedure and setup as
Iecommended by ASTM F2101 for BFE (Labs, 2020). The bacteriophage ®X174, which infects

| only E, ol bacteria, is used as the challenge virus that is aerosolized to form3:0+0:3 Km virus-

14




I . .o water droplets not :
. Coﬂtalnmg ( Individyg] viruses). Unlike the BFE test, the agar plates in the

sampler are first ing ; ‘
pderse? Culated with g, coli, and areas in contact with the viral droplets
become o

s the bacterj
a cells are lysed to form plaques. The VFE value is calculated by

Omparison with a control withoyy the filter m
¢

aterial as described above for BFE.

35 Fluid resistance.
2.3

: istance evaluates th ’ e
Fluid resist ©mask’s ability to:act as.a barrier to the transfer of fluids from its
its inner layers d -
outer t0/1tS INET 24YCIS due to spraying o splashing. According to the ASTM F1862 standard, 2
etic blood, ini :
L of sy i containing a red dye for visual detection and a thickening agent for

: i lood flow ies. is d; :
simulating b properties, is dispensed against a complete medical mask specimen at
jifferent veloc

ities (ASTM, 2017). These velocities correspond to different blood pressures of 80

nmHg (Level 1, venous blood pressure), 120 mmHg(Level 2, arterial pressure), and 160 mmHg
(Level 3, high pressures occurring during trauma or under surgical conditions with high-pressure
imigation), assuming the facemask is within 300 mm of the blood vessel puncture. The pass/fail
determinations are based on visually detecting penetration of the synthetic blood to the inner
lyer. To simulate actual usage conditions, i.e., breathing, which creates high humidity (thus

affecting fluid resistance), and mask material, the test specimens are also preconditioned at high

relative humidity of (85 + 5) % at (21 = 5)°C.

13.6 Differential pressure (DP).

This parameter, otherwise known as “delta P,”measures the ability of the mask material to
- Testrict airflow through it, giving an objective indication of the mask’s breathability. Typically, it

s determineq by measuring the difference in air pressure on both sides of the mask material
|

15




e area of the sample, according o the MIL-M-36954 standard (ASTM 2017).A5 such G5

a : :

Sur . . )
sally expressed in units of mm H20/cm2,where a lower value (i.e,

i

» smaller difference in
re on both sides) indicates greater breathability,
sSt

: feels cooler to the wearer, and hence gives
pr . . .

yerdl petter comfort level. ASTM requires that moderate and high barrier masks have a Dp
an

e of<5.0, while low barrier masks have DP < 4:0.1t is noteworthy that a trade-offexists
i

etween DP and fluid resistance for the same design and fit of the wearer: generally,

an increase
i esistance 0 synthetic blood penetration also results in a greater pressure drop across the mask

jpyers and hence reduces breathability (ASTM, 2017).

37 Flammability.

fospitals contain numerous sources of ignition, such as heat, oxygen, and fuel sources. As the

natural and synthetic fibers making up the mask materials are flammable, these can pose
potential risks to the wearer due to the speed and intensity of flame spreading. Mask
flammability is assessed in accordance with the 16 CFR Part 1610standards, typically
performing the tests on 5-10 test samples. In a nutshell, the mask specimen is first cut into the
defined dimension of50 x 150mm, and then mounted and secured onto a specimen holder.
Thereafter, the mounted specimen is conditioned in a desiccating oven at (105 + 3)°C for 30
minutes, before it is then transferred to the test chamber. A stable butane flame of fixed length
(16 mm) is then impinged upon the sample for exactly 1.0 s. The burn time, i.e., the time taken
for the flame to travel up the specimen till a stop device is triggered, is then registered. Accord-

ing to the ASTM F2100 Standard for Performance of Materials Used in Medical Face Masks
(ASTM.

i O

2019), the masks need to meet the requirements of Class 1flammability, with an average
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. e 0of=3.5s.In addition tq ; i e
! tim these aforementioned standardized tests, the medical face m

tested according ¢
should Gt & 10 1S010993.5 and 10, which specifies cytotoxicity and skin

.y test methods, respect;
onsitivity Pectively, to ensure the materials are not harmful to the wearer uso,

24 Microorganisms of Importance ¢ Face Mask Wearing

Certain microorganisms that exist in oy environment and within the human system are of prime
target: Bacteria and fungi as wel] ag viruses are constantly being recycled in the air therefore
4er00lS; they can be inhaled and haye the potential to cause disease hence the need to wear
ask. Masks serves as protective membrane against these microbes thereby harboring these

microbes at the surface. Also microbes from the human system can be exhaled from the nose and

qouth and are trapped by the masks from getting out to the environment. Some of these

microbes are discussed below:

24.1 Fungi
Fungal cells usually die when they travel through the atmosphere due to the desiccating effects
of higher altitudes. However, some particularly resilient fungal bioaerosols have been shown to

suvive in atmospheric transport despite exposure to severe UV light conditions (Tang and
_‘ Julian, 2009). Although bioaerosol levels of fungal spores increase in higher humidity
zcondition's, they can also be active in low humidity conditions and in most temperature ranges.

Certain fungal bioaerosols even increase at relatively low levels of humidity. Eg Aspergillus

17




a currently unproven theory that bacteria

¢ form communities in ¢ el |
bioﬂerosol 1 an atmospheric ecosystem (Smets ef al., 2016). The survival of

eria depends on water droplets from fog

hac and clouds that provide bacteria with nutrients and

on from UV light The four k L
rotectt r known bacterial groupings that are abundant in aeromicrobial

p
r sronments around the world

Widetes .

Include Bacillaceae, Actinobacteria, Proteobacteria, and

9421 Bacillus species

. pacillus (Latin "stick”) is a genus of Gram-positive, rod-shaped bacteria, a member of the
shylum Firmicutes, with 266 named species. The term is also used to describe the shape (rod) of
certain bacteria; and the plural Bacilli is the name of the class of bacteria to which this genus
helongs. Bacillus species can be either obligate aerobes: oxygen dependent; or facultative

anzerobes: having the ability to continue living in the absence of oxygen. Cultured Bacillus

species test positive for the enzymecatalase if oxygen has been used or is present (Turnbull,

2010),

Bacillus can reduce themselves to oval endospores and can remain in this dormant state for

'; years, Endospore can be easily carried in the air to different surfaces such as wooden surfaces

s organism can also find its way on face masks due to the fact that 1t

pitals. The spores of thi
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R -3
ould si
(¥

y be transported by ,;,

« T

g he endospore of one species from Morocco is reported to
., survive eing heated to 43¢ o

e G0 Endospore formation is usually triggered by a lack of

. 1s: the bacterium divides Within :
numeﬂ ’ hin its cey) Wwall, and one side then engulfs the other. They are
¢ spores (1.€., not an offsprin
got tru ; 8. Endospore formation originally defined the genus, but not
p species are closely relateq
gll SW° > and many Species have been moved to other genera of the

ieyleS (Madigan and Martlnk
Firmic 0, 2015). Only one endospore is formed per cell. The spores

sistant to heat, cold, radiat; i
E e desmcatlon, and disinfectants. Bacillus anthracis needs

oxygen to sporulate; this constraint has important consequences for epidemiology and control. In
jivo, B anthracis produces a polypeptide (polyglutamic acid) capsule that kills it from

. hagocytosis. The genera Bacillus and Clostridiym constitute the family Bacillaceae. Species are
identified by using morphologic and biochemical criteria. Because the spores of many Bacillus
gpecies are resistant to heat, radiation, disinfectants, and desiccation, they are difficult to
' liminate from medical and pharmaceutical materials and are a frequent cause of contamination
Not only they are they resistant to heat, radiation, etc., but they are also resistant to chemicals

;fsuch as antibiotics (Graham er al., 2020). This resistance allows them to survive for many years

i
fand especially in a controlled environment. Ubiquitous in nature, Bacillus includes both free-

i

Eliving (nonparasitic) species, and two parasiticpathogenic species. These two Bacillus species are
‘z'

Emedically significant: B. anthracis causes anthrax; and B. cereus causes food poisoning. Many

4’ ecies of Bacillus can produce copious amounts of enzymes, which are used in various
industries, such as in the production of alpha amylase used in starch hydrolysis and the
| teasesubtilisin used in detergents. B. subfilis is a valuable model for bacterial research. Some
;B“"'”us species can synthesize and secrete lipopeptides, in particular surfactins and

E

.eosubﬁlins'lxlm
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dead organisms so th
¢ of ¢ molecules can be taken up anew by plants. While this role is

d by fungi, Actinob
ye acteria are much smaller and likely do not occupy the same

f an important ord .
e 0ame © P rder of the phylum, Actinomycetales (the actinomycetes), reflects that

long bell - :
they  c leved to be fungi. Some soil actinobacteria (such as Frankia) live

|
|t with the : .
q hiotically plants whose roots pervade the soil., fixing nitrogen for the plants in

| change for access to some of the plant's saccharides. Other species, such as many members of

e genus Mycobacterium, are important pathogens. Beyond the great interest in Actinobacteria
wriheir soil role, much is yet to be learned about them. Although currently understood primarily

s soil bacteria, they might be more abundant in fresh waters. Actinobacteria is one of the

iminant bacterial phyla and contains one of the largest of bacterial genera, Strepiomyces

Michael, 2010)Streptomyces and other actinobacteria are major contributors to biological

hnTenng of soils. They are also the source of many antibiotics.

oums and are the most common Cause of infection In

fn bacterla are normally present in the
sses. Many Actinomyces species are opportunistic pathogens of

Gntal procedures and oral absce

i
!

y in the oral cavity (Madigan and Martinko, 2015). In

mans and other mammals, particularl
ycosis, a disease characterized by the formation of

Tae o : ,
uE cases, these bacteria can cause actinom
stinal tract.Actinomycosis is most frequently

thscesses in the mouth, lungs, or the gastrointe
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pically the ¢
ause of o
ral-c
ervicofacial disease. It ; is charact db
erized by a painless

aw'. Lyrnphadenopathy

Jumpy ]

gymptoms include chest pain
pain, fever, and weight loss. Abdominal disease is anoth
er

mgmifestation of actinomvcosi ’
ycosis. This can lead to a sinus tract that drains to the abdominal wall o
. T
the perianal area. Sympto '
ymptoms include fever, abdominal pain, and weight loss (Sahliet al
1009)Actinomyces spec .’
) ) pecies have also been shown to infect the central nervous system in a dog

B2 t 1 1 -
without history or evidence of previous trauma or other organ involvement (Coutoet al., 2010).

1.4.2.3 Staphylococcus spp

-positivebacteria in the family Staphylococcaceac from the

Staphylococcus 1s a genus of Gram
he microscope, they appear spherical (cocci), and form in grape-like

order Bacillales. Under t
organisms (capable of

clusters. Staphylococcus species are facultative anaerobic growth both

aerobically and anaerobically).

0 by gcottish surgeon and bacteriologist Alexander Ogston (1844-

* Streptococcus. 1t

The name was coined 10 188
earlier with the naming of

blished five years

a
phvlé, lit, bunch

1929), following the patterhl est
k: oToU@OM), romanized: stapi;

combines the prefix " staphylo'" (from Ancient Gree
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9 d sufflxed by the M“d(‘

™m Latin:

coccus, lit. 'spherical bacterium’ (from Ancient

romanized: kékk()s‘ G TN
lit, grain, seed, berry") (Liddeller af ,2011)

includes at least 40«
Species, Of these, nine have two subspecies, one has three

one has four subspec

1e8. Many spec ‘
any species cannot cause disease and reside norma

d mucous membranes of hum

ans and other animals. Staphylococcus has b

ectar-inhabiting mje \
1crobe. Thev .
hey are also a small component of the soil microbiome

| Martinko, 2015),

a genus of Gram- : , :
negative, non-spore-forming, facultatively anaerobic, rod-

from the family Enterobacteriaceae (Madiganet al., 2015). In those species
nts of the gastrointestinal tracts of warm-blooded animals, Escherichia species
f the microbially derived vitamin K for their host. A number of the species of
ogenic.) The genus is named after Theodor Escherich, the discoverer of
erichia are facultative aerobes, with both aerobic and anaerobic growih.
e of 37 °C. Escherichia are usually motile by flagella, produce gas
s, and do not decarboxylatelysine or hydrolyze arginine.Species
E. hermannii, E. senegalensis, E. marmotae and most notably.

elevant E. coli. Shimwelliablattae was formerly classified in

intestines of many mammals, including humans.

instead help animals get vitamins and



ples. SARS-CoV-2 remained viable in e wilho e

. similar to SARS-CoV-1. The half-life of both viruses in aerosols was 1.1 to 1.2

age. The results suggest that the transmission of both viruses by aerosols is

/

as they can remain viable and infectious in suspended aerosols for hours and on

for up to days.




utrient agar, Makoncey agat N'Fm

ely were prepared wng the
in a conical flask and

as follows 20 plates of N

gi isolation respectiv

}bfaicteria and fun

iption and Was dissolved with distilled water
min. After autoclaving, the medium was allowed to cool and poured
d to gel, then dried using a hot air oven.

s. Inoculation Was done using

d media plates.

these prepare
ally at 37°C fo

with

ed into
r 24hours. Plates

ated aerobic
ubated for 48 hrs.

rowth were further inc




Ppaeparcd and heat-fixed on a clean grease free slide. The e
- for one minute with crystal violet. This was washed out with a m

he slides were flooded with Lugos iodine and left for one minute. This was

ater and the glides were decolorized with acetone, washed off immediately

unter stained with Qafranin solution for about one minute. Finally, the slides
and observed under oil immersion objective at 100x

h tap water, allowed 10 dry,

henol cotton blu¢ test:

de and using @ well

onto the slide




entiate an

was used t0 differ

3.6.5 Indole production test
ater method of detecting indole was used.

ebrough (2006), the Tryptone W

ou bottle cont

as inoculated and

According to Chees
The test organism in 2 bij aining 3 m! of terile Tryptone water W
incubated at 35-37°C for UP to 48 h. Indole was tested for by adding 0.5 m! of Kovac's reagent
¢ which it was examined within 10 minutes for a red colour in the surface

and gently shook, afte

layer.







th girl), inner- repfesents the inner part of
>¢ masks. :

n:- Table 4.1

shows the total Bacterial Count from samples gotten from the
ts of face masks distributed to the ten(10) girls.

This table shows the that
- showed no bacterial contamination on both Outer and inner.

nowed no bacterial contamination on the inner.

 GE, GG, GJ- showed bacterial contamination on both Outer and inner;.
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of face masks distributed to the ten(10) boys. This table shows the that

BI- showed no bacterial contamination on both Outer and inner.

BC,BD,BF,BJ:- showed bacterial contamination on both Outer and inner.

,BH:- showed growth on the Outer part but none on the inner.




yn:- Table 4.1 shows the total Fungal Count from samj 1o gdttén o
of face masks distributed to the ten(lO) boys. This table shows the that
3G,BLBJ .showed no fungal contamination on both Outer and inner,

C,BD,BH;- showed fungal contamination on Outer but not on the inner.

.- showed fungal contamination on both Outer and inner.
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- Dark brown, thicker

G Imer  Dark brown, thicker

and outer parts of the face masks distributed to girls. Identification was done based on their

Colonial morphology, Microscopy and Biochemical examination. A total of 3 fungi were

isolated, these include; Aspergillus spp., Fusarium spp., Penicillium spp.
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Colonial morphology, Microscopy and Bl_

isolated, these include; Aspergillus spp.,‘ Fusarium spp., Penicillium Spp.
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spp and Staphylococcits sp

‘-.'fa;ée masks this cduld be attri-sl;‘lté'd‘?.‘to:f :

quency of occurrence of bacterial isolates with .

ccusspp being

| bacteria isolate with a frequency of 28.57% dby, Snﬂeptecaccm
coli with a frequency of 22.86%, then Klebsiéll;a;%spp. with a fréquexicy of
:,_ELegionella spp with a frequency of 11.43% while Table 4.8 shows the
rence of fungal isolates with that Aspergillus spp. being the highest occurring
frequency of 56.25% followed by, Penicillium spp. with a frequency of 25%

spp. with a frequency of 18.75.

number of bacteria isolated than fungi this comprises organisms from the

. A higher number of bacterial and fungal isolates that were obtained from the
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APPENDIX

Appendix I: image of face

masks used by participants in this study
collection of

Appendix II: image of swab sticks used for

sample

Appendix III: Image of aspergillus spp.
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Appendix VIL: Microscopic view of Penicillum spp

Appendix VI: image of coagulase testdone




Appendix VIII: microscopic view Rod organism
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