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Abstract
Background and Objective: COVID-19 is a fast-spreading worldwide pandemic caused by SARS-CoV-2. The World Health Organization
recommended wearing face masks. Masks have become an urgent necessity throughout the pandemic, the study's goal was to track the
impact of wearing masks on immunological responses. Materials and Methods: This study was conducted on 40 healthy people who
were working in health care at Nineveh Governorate Hospitals from September-December, 2020. They wore face masks at work for more
than 8 months for an average of 6 hrs a day. The control sample included 40 healthy individuals, who wore masks for very short periods.
All samples underwent immunological and physiological tests to research the effects of wearing masks for extended periods within these
parameters. Results: The results showed a significant decrease in total White Blood Count and the absolute number of neutrophils,
lymphocytes, monocytes and phagocytic activity. However, there was a significant increase in the absolute number of eosinophils in
participants compared with the control. The results also suggested there were no significant differences in IgE, haemoglobin
concentration and blood O2  saturation in participants who wore masks for more than 6 hrs compared to the control group. The results
showed a significant increase in pulse rate in participants who wore masks for more than 6 hrs compared to the control group. The results
also showed a strong correlation coefficient between the time of wearing masks and some immunological, haematological parameters.
Conclusion: Wearing masks for long periods alters immunological parameters that initiate the immune response, making the body weaker
in its resistance to infectious agents.
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INTRODUCTION

The city of Mosul in Iraq saw its first official case of COVID-
19 in March, 2020. In December, 2019, a novel coronavirus
known as SARS-Cov-2 was discovered in Wuhan, China.
Hundreds of thousands of cases were discovered in a short
amount of time throughout the world, causing the WHO to
declare it a pandemic on January 30, 2020. During an increase
in cases of transmissible diseases such as tuberculosis, SARS
and COVID-19, the Centers for Disease Control and
Prevention(CDC) and WHO suggest wearing masks1. Surgical
masks are effective against large respiratory particles but they
are ineffective against smaller particles. Face masks do not
prevent leakage around the mask when the patient inhales. As
a result, surgical masks are inefficient and do not offer enough
protection against COVID-192.

Long-term use of masks causes several physiologic and
immunologic issues as well as a reduction in work efficiency.
When masks are worn, activity cannot be effectively sustained
for as long as when they are not worn. Wearing masks often
reduces the amount of time that a physician can perform an
operation3. Long-term use of masks can cause harmful
physical effects, such as headaches, difficulty breathing, skin
problems, rashes and a loss of cognition. They also interfere
with vision, communication and thermal equilibrium.
Mechanical conditions, hypercapnia and hypoxemia may also
cause headaches due to extended periods of mask-wearing.
The mechanical causes of headaches include tight straps and
pressure on the superficial facial and cervical nerves1.
Hypercapnia is caused by tight-fitting masks that prevent
sufficient ventilation and result in elevated levels of Carbon
Dioxide (CO2). Healthcare professionals report symptoms of
hypoxemia, such as chest pain and tachypnea, when wearing
a mask for a prolonged period. A hot and humid environment
in the facial area can form as a result of mask-wearing, which
causes discomfort and hyperthermia3. Sensitivity to mask
components can cause urticaria and contact dermatitis. An
allergic reaction to thiuram, which is found in medical mask
ear loops, can also develop4.

Although the number of cases of COVID-19 continues to
climb, policymakers around the world are gradually easing
their national lockdown policies. Despite the fear of infection,
this is a relief to health professionals and the general public.
They can now resume some typical daily activities while
wearing face masks when out in public. However, given the
minimal data regarding this matter, wearing face masks to
prevent the spread of Covid-19 is arguable5. 

The WHO only advises mask use for COVID-19 patients
but mask use has also become a subject of ethical discussion
in today’s society6. This immunological and physiological
paper strives to answer the following questions: Does the use
of a face mask change immunological and physiological
responses? Does wearing a face mask increase the risk of
contracting COVID-19? How does a typical person manage
immune and physiological changes while wearing a face
mask? Therefore, this study aimed to examine the effects of
mask-wearing on health care staff within immunological and
haematological parameters and will assess the relationship
between the immune and blood variables and the number of
hours spent wearing a mask.

MATERIALS AND METHODS

Subject group: This study was conducted on 40 healthy
people  (20  males  and  20  females)  between  the   ages  of
25  and  45  who  worked  in  health  care  at  Nineveh
Governorate Hospitals from January-March, 2021. They wore
face  masks  for  an  average  of  6  hrs  daily  for  more  than
eight months. The control sample included 40 healthy
individuals,  20  males  and  20  females,  who  did  not  wear
masks except for very short, intermittent periods not
exceeding one hour and who did not work in the health field.
The data obtained from the participants being monitored
included age, gender, time spent wearing a mask, infection
with COVID-19, a pulse oximeter reading and heart rate.
People who had previously contracted COVID-19 were
excluded from this study.

Blood and serum collection: The 5 µL of venous blood was
collected from every participant. For the complete blood
count procedure, 1 µL of blood was placed in an EDTA tube.
The residual blood samples were left to clot in a gel tube for
five 5 min at 37EC and a centrifugation process was performed
at 3000 rpm/5 min. The separated serum was obtained and
collected in Eppendorf tubes, which were then preserved at
20EC for further research.

Measure oxygen levels in the blood and pulse rate: The
pulse oxygen saturation is the percentage of HbO2 in the
overall  Hb  in  the  blood,  also  known as the O2 concentration
in the blood. A fingertip pulse oximeter from Shenzhen
Jumper Medical Equipment Company was used to keep a
record of arterial haemoglobin oxygen saturation (SpO2)  and
pulse rate7.
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Complete blood count (CBC): This was carried out using an
automated Mythic™ 18 (Switzerland) which read 18
haematological parameters8.

Differential white blood cell count: Slides were used to make
thin blood films. After 1-2 min, the slides were stained with
Leishman Stain. After 5-6 min, the stain was diluted with an
equal volume of buffer water and then flooded off with a
buffer. After applying the oil droplets, the film was examined
and the white blood cell count was estimated by noting the
number of white cells per high power field (100X). The total
number per 100 in a differential count is the proportion of
each cell type9.

Phagocytic activity: The 50 µL of Nitro Blue Tetrazolium (NBT)
stain was transferred to a sterile vial and carefully mixed with
50 µL of heparinized blood. After incubating at 37EC for half
an hour, 5 µL of the mixture was placed on a clean glass slide.
To avoid mechanical damage to formazan-containing cells,
which become more fragile, a relatively thick smear was
formed and then dyed with Leishman stain10.

Microscopic examination and counting: A stained smear was
scanned using an oil immersion objective and counting a total
of 100 or more neutrophils. Neutrophils showing formazan
deposits were recorded as positive10:

Number of neutrophils with formazanPhagocytic cells (%) = 100
Total number of neutrophils



Determination of IgE concentration in serum: Anichroma TM
kit supplied by the company Korea Boditech Med Inc. was
used. The test is a fluorescence immunoassay (FIA), which
determines total IgE levels quantitatively and uses a sandwich
immune detection method. The detection antibody in the
buffer binds to the sample's total IgE, which forms IgE-anti-IgE
complexes and migrates to the nitrocellulose matrix, where it
is trapped by the immobilized anti-IgE on the test strip. The
more IgE in a sample, the more IgE-anti IgE complexes
produced, which results in a brighter fluorescence signal. The
reader then interprets this signal to indicate the sample's total
IgE concentration11.

Procedure: In a closed tube, 50 µL of serum sample was
added to the detection buffer tube and shaken at least five
times until it was well mixed. After that, 75 µL of the mixture
was  transferred  into  the  sample  well  of  the  cartridge.  The

sample-loaded cartridge was read immediately by the ichroma
TM II device after being incubated for 12 min at room
temperature11.

Statistical analysis: An Analysis of Variance (ANOVA) with
probability p<0.05was used to compare means statistically. A
correlation coefficient between hours of mask-wearing and
heartbeat, WBC count, neutrophils, lymphocytes, monocytes,
eosinophils, Hb, phagocytic activity and IgE was found.
Statistical analyses were conducted using the SPSS 22
statistical analysis program and SPSS 22.0 software.

RESULTS AND DISCUSSION

The  current  study  involved  tracking  the  most essential
immunological indicators, which play a significant role in
resisting infection agents, In Table 1 the results showed a
significant  decrease  in  the  total  WBC  count (5940±1469.12 
compared to the control 8185±1709.19 cell mmG3), a
significant decrease in  the  absolute  number  of neutrophils
(3381±970.35   compared   to   the   control  5371±1203.26
cell mmG3), a significant decrease in the absolute  number  of 
lymphocytes  (1714±484.78  compared to  the control 
2290±711.879 cell mmG3) a significant decrease   in  the 
absolute  number   of   monocytes   (328±135.67  compared 
to  the  control   450±207.13  cell  mmG3).  However,  the 
study   noted   a   significant   increase   in   the   absolute 
number  of  eosinophils   in   participants   who   wore   masks 
for  more  than  6  hrs  (515±363  compared  to  the  control
72±50.55 cell mmG3).

The immunological measures chosen for the current
study are important because they are the most widely used
internationally for assessing immunity at the individual level,
a decrease in the number of white cells reflected the presence
of a defect in the number of immune army cells in general in
1 µL. The reduction in the absolute number of neutrophils, on
the other hand, indicates a decrease in the number of cells
responsible for the activity of the cellular process of
phagocytosis in one microliter of blood. The reduction in
lymphocyte count explains the presence of a deficiency in the
specific immune response to the infection agents. The
decrease in absolute numbers of monocytes indicates the
existence of tissue inflammation, which resulted in the
withdrawal of cells from the circulation into the tissues since
this type is in charge of the phagocytosis process throughout
the body of the tissue. On the contrary, the study found that
an increase in the absolute number of eosinophils that are
responsible for allergic responses (type I). The excess moisture,
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Table 1: A comparison between the total WBC count and the absolute numbers of neutrophils, lymphocytes, monocytes and eosinophils in participants who wore
masks and the control group

Cell mmG3 Sample Sample N Mean±SD cell mmG3 Extreme value cell mmG3 p-value
WBC count Samples 40 5940.0±1469.12 3500-8800 0.000*

Control 40 8185.0±1709.19 6100-10000
Neutrophils Samples 40 3381.0±970.35 1855-5236 0.000*

Control 40 5371.0±1203.26 2808-7200
Lymphocytes Samples 40 1714.0±484.78 1005-3740 0.005*

Control 40 2290.0±711.879 1152-3740
Monocytes Samples 40 328.0±135.67 115-607 0.003*

Control 40 450.0±207.13 208-1080
Eosinophils Samples 40 515.0±363 240-1320 0.000*

Control 40 72.0±50.55 0-120
*p<0.05

Table 2: A comparison of phagocytic activity between participants who wore masks and the control group
Samples Sample N Mean±SD cell mmG3 Extreme value cell mmG3 p-value

Phagocytic cell Samples 40 2281.0±739.20 1094-2769 0.000*
Control 40 4072.0±1059.26 2100-6291

*p<0.05

Table 3: A comparison of IgE concentration between participants who wore masks and the control group
Samples Sample N Mean±SD IU mLG1 Extreme value IU mLG1 p-value

IgE Samples 40 47.301±74.866 2.58-268.45 0.984
Control 40 46.940±28.928 4.45-87.12

*p<0.05

Table 4: A comparison of haematological parameters between participants who wore masks and the control group
Samples Sample N Mean±SD Extreme value p-value

Hb (g dLG1) Samples 40 13.7400±1.880 9.7-16.1 0.627
Control 40 14.0000±1.45095 12.0-16

Blood O2 saturation Samples 40 97.1000±1.16 95.0-98 0.583
Control 40 96.9000±1.11 96.0-98

Pulse rate BPM Samples 40 77.7500±2.403 72.0-80 0.003*
Control 40 75.1500±2.758 70.0-80

*p<0.05

water  vapour  and  mask  raw  materials  may  have  a  clear
effect  on  the  occurrence  of  a  specific  type  of  allergy  to
one of these elements.

The results also recorded a significant decrease in
phagocytic activity in participants who wore masks for more
than 6 hrs (2281±739.20 cell mmG3 compared to the control
4072±1059.26 cell mmG3) as shown in Table 2. The decrease
in the number of phagocytic cells suggests a deficiency in
phagocytic activity, which requires a steady supply of free
oxygen in the circulation so that these cells can reduce foreign
body particles after ingestion and destruction.

The results showed no significant differences in IgE
concentration in participants who wore masks for more than
6 hrs (47.301±74.866 IU mLG1 compared to the control group
46.940±28.928 IU mLG1) as shown in Table 3. Although no
significant difference in the proportions of IgE antibodies was
observed, indicating the absence of indications for type 1
allergic reactions against masks, the estimation of the level of
IgE antibodies was chosen for its direct association with the
increase in the number of eosinophils responsible for allergic
reactions.

Some haematological measures were chosen for their
direct relationship with immune functions. However, the
results suggest no significant differences in haemoglobin
concentration and blood O2 saturation in participants who
wore masks for more than 6 hrs (13.7400±1.880 g dLG1

compared  to  the  control  14.000±1.45095  g  dLG1),  Blood 
O2 (97.10±1.16 compared to the control 96.9±1.11). But the
results showed a significant increase in pulse rate in people
who wore masks for more than six hours (77.75±2.403
compared to the control 75.15±2.758) as shown in Table 4.
The lack of significant differences in haemoglobin and free
oxygen concentrations indicates that all cells in the body,
including white blood cells, obtain normal levels of oxygen
transported by red cell haemoglobin to carry out their
functions (cell phagocytosis) but there may be indirect reasons
for the decrease in phagocytic activity in the bloodstream. The
significant rise in heart rate is directly connected to an
increase in blood flow in the blood vessels, which has an
immediate impact on immunological responses.

The  results  of  the  correlation  coefficient  test  showed
a   strong   positive   relationship   between   WBC   count  and 
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neutrophils, lymphocytes, eosinophils and phagocytic cells
(0.854**, 0.760**, 0.577**, 0.779**, respectively) in Table 5. A
strong positive correlation coefficient was also noted between
the number of neutrophils and phagocytic cells (0.940**) and
the number of lymphocytes and monocytes (0.754**). A
positive correlation was also observed between heartbeat and
hours spent wearing a mask, WBC count, lymphocytes and
eosinophils (0.453*0.492*, 0.470*, 0.502*, respectively). A
positive correlation coefficient was also observed between
hours of mask-wearing and eosinophils (0.483*). A positive
correlation was also observed between the numbers of
monocytes and haemoglobin and WBC count (0.509* and
0.462*, respectively). Finally, a positive correlation coefficient
was  shown  between  eosinophils  and  IgE  and  the  number
of lymphocytes  (0.457* and 0.507, respectively)as shown in
Table 5.

There has been a decline in work and physical
performance as a result of preventative measures taken during
the COVID-19 pandemic, which include the use of face masks
during work hours. Health care personnel can try to combat
this but extended working hours often leads to increased
fatigue, which can lead to burnout and frustration over time.

Surgical masks impose some measurable airway
resistance, according to a study by Beder et al.12 but it is
unclear whether this increases respiration significantly.
Although it appears that hypoxaemia can be caused by an
increase in carbon dioxide content in inspired air as a result of
carbon dioxide exhalation trapped under a surgical face mask.
The level of oxygen saturation in the blood of a physician after
completing an operation was statistically significant and was
shown to be unrelated to prolonged standing or stress,
according to the study done by Beder et al.12.

Roberge et al.13  found that quick movements and
exercises combined with the usage of customized thin face
masks resulted in an atmosphere with severe hypoxia (low
oxygen O2 and increased carbon dioxide CO2). When wearing
face masks, the acidic environment at the level of the alveoli
and blood vessels causes a variety of physiological changes,
such as a change in metabolism, stress on the heart and lungs,
changes in the immune system mechanism and changes to
the nervous system and the brain. The body's metabolism is
heavily reliant on a constant supply of oxygen and carbon
dioxide exchange with the environment. Nasopharyngeal
patency, autonomic stability and heartbeat all affect metabolic
efficiency14. However, anaerobic metabolism predominates
during quick to moderate movement and a considerable
amount of O2 is required when the activity ends to convert
lactic acid. Although not fully airtight, the face mask creates a

closed circuit of inhaled and exhaled air. Carbon dioxide
concentrations over the limit are re-inhaled, increasing the
severity of acidity in an acidic environment15. People who wear
a face mask while working or participating in the light athletic
activity will experience physiological symptoms similar to
those associated with Chronic Obstructive Pulmonary Disease
(COPD), which include restlessness, fatigue, dizziness,
headache and shortness of breath16. Furthermore, light activity
can enhance carbon dioxide inhalation while decreasing O2

through the mask. As a result, it can predict that this effect will
be enhanced while performing any quick and continuous
movement during extended working hours.

The results of this study show that the number of white
blood cells decreased significantly as well as a decrease in all
types of white cells except for eosinophils. Hypoxic white cells
may withdraw to the site of pneumonia caused by prolonged
mask-wearing, increasing the risk of infection during the
pandemic. Immobile cilia syndrome is caused by a shift in
humidity and temperature in the upper airway, which
predisposes people to lower respiratory infection by deep
seeding of the oropharyngeal pharynx17. The current data also
revealed a considerable rise in the number of eosinophils. It is
worth noting that most participants increased their vitamin
intake during the COVID-19 pandemic since vitamins and
nutritional supplements boost immune responses. An increase
in the absolute number of eosinophils occurs when the
number of vitamins and nutritional supplements consumed
exceeds the body's requirements18. In this study, it was
hypothesized that the increase in eosinophils was due to the
presence of an allergy to the mask's components, particularly
when humid conditions from beneath the mask.

The WBC count has a strong positive correlation
coefficient with neutrophils, lymphocytes, monocytes,
eosinophils and phagocytic cells. The value of each type of
white cell is a part of the total number of white blood cells,
therefore  any  changes  in  the  overall  number  of  white 
cells  are  immediately  reflected  in  the  number  of  each  of
these cell types.

The results showed a significant decrease in the
phagocytic activity of subjects who wear masks for an
extended time compared to the control group. The decrease
in phagocytic activity may be related to the decrease in the
number of neutrophils because they are responsible for this
process in the bloodstream. This conclusion was confirmed
after a strong correlation coefficient was shown between the
numbers of neutrophils and phagocytic activity (0.940**). As
previously noted, high temperature and humidity under the
mask  may  cause   abnormalities   in   the   airways   and  lungs,
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promoting the growth of pathogenic bacteria and symptoms
of the beginning of pneumonia. The change in white blood
cells and the activity of phagocytes is one of the primary
symptoms of pneumonia19.

Pulse oximetry is a non-invasive method for measuring
arterial oxygen saturation with clinically acceptable precision.
It is currently considered a standard of clinical care. This study
Conflicts with a study done by Romney et al.20 that found that
physicians who used medical masks for more than three hours
had an increase in blood oxygen saturation of more than 1%
following surgery. However, the results of this study showed
no significant difference in haemoglobin concentration and
oxygen saturation rate, which indicates that the oxygen level
in the blood and Hb remained within normal levels in
participants who wore masks for an extended time.

The increased availability of CO2  will significantly increase
heart rate and blood pressure even at low workloads. This
physiological alteration may lead to increased aortic pressure
and left ventricular pressure, resulting in increased cardiac
overload and coronary demand21. The results of the correlation
coefficient as shown in Table 4, showed a positive direct
relationship between the number of heartbeats and the
number of hours wearing a mask as the number of heartbeats
increased with the increase in the length of time spent
wearing the mask. Additionally, heart rate affects the flow rate
of white blood cells and lymphocytes and eosinophilia in the
bloodstream. This was confirmed by the results of the
correlation coefficient test between the total number of
heartbeats and the total numbers of white blood cells,
lymphocytes and eosinophils.

The increased respiratory load against the valve breathing
causes respiratory muscle strain and pulmonary artery
pressure to rise, increasing the cardiac strain. In healthy
people, these changes may be minor. These alterations may
aggravate the underlying pathophysiology in those with
established chronic illness, leading to hospitalization or
increased medication use.

Since it is acknowledged that heat and moisture can get
trapped under masks, it seems plausible that some of the
carbon dioxides emitted from exhalation can also be trapped
underneath it, leading to an abnormal environment. With a
stable and balanced ratio of oxygen, in addition to a
withdrawal of the accumulated CO2 gas inside the cells, the
disturbance in the pulse and the stability of the gaseous
exchange under the mask, a suitable environment for the
occurrence of infections develops within the deep respiratory
tracts and increases vulnerability to bacterial infections that
affect the lower areas of the lung. This causes them to be less
resistant to COVID-19. Although respirator masks are intended

to be barriers for preventing aerosol depositions in the
respiratory tract, this study finds that they increase the risk of
more serious respiratory infections. Vainshelboim22 asserts that
atypical healthy individuals shouldn't be wearing masks since
it generates a false feeling of security and individuals tend to
touch their face more often as compared to not wearing
masks23.

CONCLUSION

It was concluded that wearing face masks for an extended
amount of time has clear physiological effects on breathing
and heart rate, which are directly reflected by the flow of
immune cells to the sites of inflammation and the response of
phagocytes to foreign antigens. However, wearing masks
during the COVID-19 pandemic has become necessary during
working hours, especially when working with the general
public. Thus, maintain the use of masks, especially in crowded
places. However, removing them after 2 hrs of wear and
leaving them off for no less than a quarter of 1 hr to restore
the balance of breathing, heart rate and vital activities.

SIGNIFICANCE STATEMENTS 

This study discovered the Wearing masks for lengthy
periods during working hours with constant movement
increases the risk of secondary infections due to weakened
immune responses. This study will help the researchers to
uncover the critical areas of Follow-up of the variables
affecting the development of secondary bacterial infections in
individuals who wear masks for long periods as well as the role
of immune factors in the management of many infections
during the Corona pandemic.
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