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Abstract

Background: COVID-19 disease has had a profound impact worldwide since it was discovered in Wuhan, China, in
December 2019. Laboratory testing is crucial to prompt identification of positive cases, initiation of treatment and
management strategies. However, medical scientists are vulnerable to infection due to the risk of exposure in the lab-
oratory and the community. This study sought to determine the awareness of laboratory safety measures, assess the
personal efforts of medical scientists in creating a safe laboratory environment for testing and examine the laboratory
safety enabling factors.

Methods: The data used for the study were generated among medical scientists in Nigeria through an internet-
broadcasted questionnaire and were analyzed using IBM SPSS Statistics (version 25).

Results: The majority of the respondents had a high awareness of laboratory safety measures (60.3%) and dem-
onstrated good personal efforts in creating a safe laboratory testing environment (63%). The level of awareness of
laboratory safety measures was significantly associated with respondents’ level of education (x* =6.143; p=0.046)
and influences respondents’efforts in creating a safe laboratory testing environment (p =0.007). However, just a few
respondents could convincingly attest to the availability of adequate and appropriate PPE with proper utilization
training (45.1%), adequate rest and other welfare packages (45.8%) as well as access to appropriate Biological Safety
Cabinets (BSCs) and other essential equipment in their laboratories (48.8%). Furthermore, a significant association
existed between the availability of laboratory safety enabling factors and respondents’efforts in creating a safe envi-
ronment for testing with the p-value ranging between <0.0001 and 0.003.

Conclusion: This study revealed that despite the high awareness of safety measures and good personal efforts of
the study participants in creating a safe laboratory-testing environment, there was poor availability of safety facilities,
equipment, support and welfare packages required to enhance their safety. It is, therefore, crucial to provide neces-
sary laboratory biosafety equipment and PPE in order not to compromise medical scientists'safety as they perform
their duties in COVID-19 pandemic response.
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Background

Since the turn of the third decade in the new millen-
nium, the COVID-19 pandemic has been ravaging the
world, after it was first discovered in Wuhan. To date,
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January 2020, there are more than 90 million confirmed
cases globally, and more than 1.9 million deaths [1]. In
Nigeria, there are 99,063 confirmed cases and 1,350
deaths [2].

The governments and health institutions of various
countries have put many strategic plans in place to aid
their responses to contain and manage the effect of the
pandemic on the health of their populace. Central and
pertinent to these responses are the roles that the medical
scientists play as part of the multidisciplinary healthcare
team in ensuring reliable, accurate and timely diagnosis,
monitoring of positive patients, therapeutic drug moni-
toring/surveillance, confirmation of recovery, valida-
tion of testing protocols, invention and development of
novel vaccines. Reports showed that most of the COVID-
19 patients require regular laboratory testing to ensure
adequate staging, prognosis, therapeutic monitoring and
epidemiological surveillance [3].

COVID-19 testing and management recommendations

by international federation of clinical chemistry

and laboratory medicine (IFCC)

IFCC recommendations were given to support laboratory
practices with a particular focus on clinical laboratories
in developing countries as the fight against COVID-19
continues. IFCC advised to carefully select appropriate
testing method bearing in mind that the performance
of some point—of—care assays has not been well demon-
strated and a minimum of 2 gene targets were recom-
mended for molecular assays to minimize false-negative
results. It was stated that sample types and sample col-
lection must follow the manufactures’ recommendations,
as well as the verification of analytical and clinical per-
formance of regulatory-approved molecular test must be
done before routine use. Participation in relevant Quality
Assurance Programs was also recommended as essential
[4].

World health organization’s (WHO) recommendations

on laboratory safety standards

WHO recommends that every laboratory conducting
COVID-19 testing should be appropriately equipped,
staff must be properly trained in the technical and safety
procedures as well as in the essential containment prac-
tices. Risk assessment must be conducted to ascertain
the laboratory’s competency to perform testing safely, to
identify and mitigate risk, as well as to put necessary and
appropriate risk control measures in place. WHO also
emphasizes that good microbiological practices and pro-
cedures (GMPP) should be adequately observed and that
the preliminary processing of all samples should be per-
formed in a biological safety cabinet (BSC) validated for
use and properly maintained while routine viral testing
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of specimens should be performed in a biosafety Level
2 (BSL-2) laboratory with a certified Class II BSC. Pro-
cedures that involve viral concentration are expected to
be done in a BSL-2 laboratory with unidirectional air-
flow and BSL-3 precautions. Biosafety Level 3 (BSL-3)
laboratory is required for virus isolation in cell culture
and disinfectants with known potency against enveloped
viruses such as hypochlorite or phenolic compounds are
required to be utilized in the laboratory to reduce con-
tamination. Procedures that minimize aerosols and drop-
lets generation must be adopted and appropriate personal
protective equipment (PPE) must be worn by all labora-
tory staftf handling specimens. Specimens from suspected
or confirmed COVID-19 patients must be placed in a
secondary container to reduce spillage or breakage and
must be transported as Category B, UN3373 “Biological
Substance” while viral cultures or isolates are required to
be transported as Category A, UN2814, “infectious sub-
stance, affecting humans” [5].

A survey conducted by the International Federation
of Clinical Chemistry and Laboratory Medicine (IFCC)
involving participants from 86 worldwide regions and
countries reveals some additional safety measures
observed by some laboratories which include, test menu
restrictions, temperature monitoring of staff, increasing
disinfection frequency, and splitting of staff teams [6].

Due to the risk of exposure in the laboratory in addi-
tion to the risk of exposure in the community, the labora-
tory staff is vulnerable to infection. Reports indicate that
more than 90,000 healthcare workers are infected world-
wide less than 6 months into the pandemic [7] and the
numbers are yet increasing. Therefore, the importance of
ensuring a safe environment in the laboratory cannot be
overemphasized.

This study was designed to determine the awareness
of laboratory safety measures among medical scientists,
assess the personal efforts of medical scientists in creat-
ing a safe testing environment, and to examine the labo-
ratory safety-enabling factors.

Methods

This descriptive cross-sectional survey involving 131
medical scientists from Nigeria was conducted from
May 14 to May 28, 2020. The recruitment process was
designed to capture participants from the six- geopo-
litical zones in Nigeria using the Snowball sampling
method. To be eligible for recruitment, participants must
be medical scientists practicing in Nigeria and must give
written informed consent to participate in the survey.

Survey instrument
Internet-broadcasted structured questionnaire was devel-
oped for the survey. It was designed using Google forms
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and the link was sent to participants through WhatsApp.
The prospective participants were encouraged to send
out the link to other scientists and online platforms. The
questionnaire was pretested by sending the unpublished
online questionnaires to a cohort of 19 medical scientists
in Nigeria. Questions that pre-test participants found
unclear, difficult to answer, irrelevant, or out of scope
of the study were noticed, revised, and re-tested. Inter-
nal consistency of 0.8 was achieved for the instrument
using the Cronbach’s Alpha method. All responses were
captured on the six-point Likert scale, however strongly
disagree and disagree responses as well as strongly agree
and agree responses were merged as disagree and agree,
respectively in the report.

The 4 sections of the questionnaire used explored
respondents’ demographics (contained six items), level of
awareness of laboratory safety measures and the personal
efforts in creating a safe testing environment (contained
10 items each), as well as laboratory safety enabling fac-
tors (contained 12 items).

Data analysis

The study participants’ responses were coded from 1 to
6 based on 6-points Likert Scale (Starting from strongly
disagree to strongly agree). The level of awareness of lab-
oratory safety measures and personal efforts in creating
a safe laboratory environment had a maximum score of
60 while overall mean scores were 49.7 (+4.8) and 48.5
(£5.9), respectively. These mean scores were used as the
benchmark to categorize the level of awareness and per-
sonal efforts as either good or poor.

The data analysis explored frequency distribution,
mean=+SD, and graphs (Descriptive statistics), bivari-
ate analysis (Chi-square (%) test, and multivariate linear
regression model (inferential statistics). The analysis was
done using IBM SPSS Statistics (version 25) with sig-
nificance and confidence levels set at p<0.05 and 95%,
respectively.

Results

One hundred and one participants were involved in this
study. Eligible participants were medical scientists work-
ing in Nigeria. Respondents’ socio-demographic char-
acteristics, awareness of laboratory safety measures,
personal efforts in creating a safe laboratory testing envi-
ronment, association between awareness of laboratory
safety measures and demographics as well as the labora-
tory safety enabling factors were reported. In addition,
the influence of awareness and years of experience on
personal efforts of respondents to create a safe testing
environment as well as the association between personal
efforts to create a safe laboratory testing environment
and laboratory safety enabling factors were reported.
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Socio-demographic characteristics of subjects

The modal age group of the respondents was between
20 and 29 years old (42.0%) while the mean age of the
respondents was 32.5+9.9 years. The majority of the
respondents were males (64.1%), graduates (64.1%),
Christians (81.7%), with years of work experience
between 1 and 9 years (70.2%) and with the present level
at work between levels 1 and 5 (61.1%) (Tablel).

Awareness of laboratory safety measures

Most of the respondents strongly agreed that labora-
tory safety is important and essential to the success of
any medical laboratory (98.5%) and access to appropri-
ate Biological Safety Cabinets (BSCs) is critical in the
containment of SARS-CoV-2 (87%) (Table 2). The overall
mean awareness score was 49.7 (+4.8) and the majority

Table 1 Socio-demographic characteristics of Respondents;
n=Total Number of Respondents

Frequency Percentage

(n=131) (100%)
Age (in grouped years): [32.5£9.9 years]
<20 years 2 1.5
20-29 years 55 420
30-39 years 44 336
40-49 years 20 153
50-59 years 10 76
Gender
Male 84 64.1
Female 47 359
Religion
Christianity 107 81.7
Islam 23 176
Agnostic 1 0.8
Highest education
Graduate 84 64.1
Post-graduate 39 298
Fellowship 8 6.1
Years of experience (grouped):
[7.5£8.1 years]
<1 year 7 53
1-9 years 92 70.2
10-19 years 16 122
20-29 years 12 9.2
30-39 years 4 3.1
Present post/Level at work
1-5 80 61.1
6-10 21 16.0
11-15 16 12.2
>15 14 10.7
Total 131 100.0
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Table 2 Awareness of laboratory safety measures

Awareness variables Strongly agree n (%) Agree n (%) Slightly Slightly Disagree n (%) Strongly
agree n disagree n disagree n
(%) (%) (%)

Laboratory safety is an important and essential com- 118 (90.1) 11(84) 2(1.5) 0(0.0) 0(0.0) 0(0.0)

ponent to the success of any medical laboratory

Itis important to understand and follow instructions 118 (90.1) 13(9.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

in the Laboratory Safety Manual

Laboratory safety practices are never impacted by 8(6.1) 15(11.5) 4(3.1) 4(3.1) 47 (35.9) 53 (40.5)

biological, chemical, radiological, fire, and electrical

hazards

It is critical to have access to SOPs that document 86 (65.6) 25 (19.1) 6 (4.6) 0(0.0) 9 (6.9) 5(3.8)

safety procedures

Processes that emit vapors, gasses, or fumes should 80 (61.1) 38(29.0) 7 (5.3) 1(0.8) 3(2.3) 2(1.5)

be adequately captured by local ventilation (hoods,

snorkel)

Itis important for laboratory equipment with poten- 106 (80.9) 24 (18.3) 1(0.8) 0(0.0) 0(0.0) 0(0.0)

tial hazards routinely inspected and maintained or

serviced as recommended

Itis important to have access to chemical/biological 91 (69.5) 32 (24.4) 2(1.5) 1(0.8) 3(23) 2(1.5)

spill kits

[tis important to have access to fully stocked first-aid 113 (86.3) 14(10.7) 1(0.8) 0(0.0) 2(1.5) 1(0.8)

kits

Good housekeeping practices are less essential in 16 (12.2) 14(10.7) 8(6.1) 8(6.1) 46 (35.1) 39(29.8)

ensuring laboratory safety

Access to appropriate Biological Safety Cabinets 87 (66.4) 27 (20.6) 12(9.2) 1(0.8) 1(0.8) 3(23)

(BSCs) is critical in the containment of SARS-CoV-2

of respondents (60.3%) scored above the mean; therefore,
they were classified as having a high awareness of labora-
tory safety measures (See Additional file 4: Fig. S1). The
awareness level of laboratory safety measures was signifi-
cantly associated with the level of education (x*>=6.143;
p=0.046) of medical scientists (See Additional file 1:
Table S1). The awareness level of laboratory safety meas-
ures also had a significant influence on the personal
efforts of the study participants in creating a safe labo-
ratory testing environment (p=0.007). (See Additional
file 2: Table S2).

Personal efforts in creating a safe laboratory-testing
environment

Table 3 showed that most of the respondents had par-
ticipated in laboratory safety (75.6%) and PPE training
(64.2%) in the last 1 year. The majority (77.1%) of the
study participants knew the emergency contact numbers
to use during emergencies, as well as how and when to
report accidents, incidents or near misses in the labora-
tory (91.6%). The results also demonstrated that almost
all of the respondents always use personal protective
equipment (PPE) (90.1%), regularly carry out adequate
decontamination of bench surfaces (90.8%), clearly label
all containers with their contents (97%) and often wash
hands (97%) when working in the laboratory. Not less
than 93.9% of respondents attested to always removing

PPE before leaving the laboratory and refrained from eat-
ing, drinking, applying cosmetics and handling contact
lenses in the laboratory. The overall mean personal effort
score was 48.5 (£5.9) (Additional file 5: Fig. S2) and most
of the survey participants (63%) had good personal safety
practices as they scored above the mean.

Laboratory safety enabling factors

This study revealed that most respondents opined that
safety enabling factors such as sufficiently trained medi-
cal scientists (58%), reviewed, updated protocols and
working practice policies (74%), training and awareness
plans, as well as Standard Operating Procedure (SOP)
(74.1%) were available in their laboratories. The major-
ity also confirmed that staff was informed of the risk
associated with SARS-CoV-2 infection (80.9%), that the
process for incident reporting and investigation existed
(72.5%) and that sufficient space was available in the lab-
oratories where they work (69.5%). More than half of the
respondents agreed that adequate supplies of required
disinfectants and other materials were ensured (67.2%),
that procedures were in place to ensure materials can be
transported safely to and from the laboratory (67.2%) and
that good general security controls were in place includ-
ing those required to address out of hours work times
(63.3%).



Lekan-Agunbiade and Agunbiade BMC Infect Dis (2021)21:1114

Page 5 of 8

Table 3 Personal efforts in creating a safe laboratory-testing environment

Strongly agree n (%) Agree n (%) Slightly agree n (%) Slightly

Disagree n (%) Strongly

disagree n disagree n
(%) (%)
In the last 1 year, | have participated in 50(38.2) 49 (37.4) 13(9.9) 5(3.8) 8 (6.1) 6 (4.6)
laboratory safety training
I know the emergency contact numbers 53 (40.5) 48 (36.6) 14(10.7) 0(0.0) 11(84) 5(3.8)
to contact when an emergency occurs
I’ know how and when to report accidents, 57 (43.5) 63 (48.1) 7(5.3) 1(0.8) 1(0.8) 2(1.5)
incidents or near-misses in the Laboratory
| clearly label all containers with their 96 (73.3) 31(23.7) 2(15) 1(0.8) 1(0.8) 0(0.0)
contents
| have completed PPE training within the 50(382) 34 (26.0) 17 (13.0) 6 (4.6) 17(13.0) 7(53)
last 1 year
I always use personal protective equip- 80 (61.1) 38(29.0) 9(6.9) 0(0.0) 4(3.1) 0(0.0)
ment (PPE) when working in the labora-
tory
I regularly carry out adequate decontami- 86 (65.6) 33(25.2) 7 (5.3) 3(2.3) 2(1.5) 0(0.0)
nation of bench surfaces, all wastes and
other materials in the laboratory
| eat, drink, apply cosmetics, and handle 1(0.8) 3(2.3) 1(0.8) 3(2.3) 29 (22.1) 94 (71.8)
contact lenses in the laboratory
I wash my hands often — especially after 113 (86.3) 14 (10.7) 1(0.8) 0 (0.0) 3(2.3) 0(0.0)
handling infectious materials, before
leaving the laboratory working areas, and
before eating
I always remove my PPE before leaving the 103 (78.6) 20 (15.3) 4(3.1) 1(0.8) 3(2.3) 0(0.0)

laboratory

However, just a few respondents could convincingly
attest to the availability of adequate and appropriate
PPE with proper utilization training (45.1%), adequate
rest and other welfare packages (45.8%), as well as access
to appropriate Biological Safety Cabinets (BSCs) and
other essential equipment in their workplaces (48.8%).
(Table 4).

Interestingly, a strong association existed between
respondents’ personal effort in creating a safe laboratory
testing environment and all the laboratory safety-ena-
bling factors explored in this study (See Additional file 3:
Table S3).

Discussion

Medical scientists are constantly at risk of exposure to
infectious agents in the course of their work especially
in the era of the COVID-19 pandemic where laboratory
test results underscore efficient pandemic response. Lab-
oratory safety requires an awareness of exposure risks,
compliance to safe laboratory practices, adherence to
standard operating procedures and use of containment
equipment in the laboratory. Studies have shown that
when laboratory staff are aware and adhere to the rec-
ommended safety precautions, the risk for laboratory-
acquired infections becomes lower [8].

However, awareness and biosafety are big issues in
laboratory settings in developing countries as standard
operating procedures (SOPs) are lacking and less efficient
[9].

With Nigeria coping with the challenges of the COVID-
19 pandemic, ensuring a safe testing environment is the
core of laboratory diagnosis and management of COVID-
19 cases.

This study was designed to determine the awareness
of laboratory safety measures, assess personal efforts of
medical scientists in creating a safe environment for test-
ing, and examine the laboratory safety-enabling factors.

Most of the study participants (60.3%) were found
to possess high-level of awareness of laboratory safety
measures and the level of awareness of laboratory safety
measures was significantly associated with their level of
education (x>=6.143; p=0.046). Respondents displayed
in-depth awareness of the importance of laboratory
safety practice; understanding and following instructions
in the laboratory safety manual as well as standard oper-
ating procedures; local ventilation; proper maintenance
of laboratory equipment, access to chemical/biological
spill kits and fully stocked first-aid kits.

In addition, study participants had a good orientation
about good housekeeping practices and the importance
of access to appropriate Biological Safety Cabinets (BSCs)
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Table 4 Laboratory safety enabling factors
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Strongly
agreen
(%)

Agree n (%) Slightly agree n (%)

Slightly Disagree n (%) Strongly
disagree n disagree n
(%) (%)

Sufficiently trained Medical scientists are available in 43 (32.8)

my place of work

Reviewed, updated protocols and working practice 49 (37.4)
policies are available and communicated (e.g. a safe
work practices, decontamination) in my place of

work

Training and awareness plans, as well as Standard 55(42.0)
Operating Procedure (SOP) compliance programs are

in place for all staff

Adequate and appropriate PPEs are supplied (includ- 36 (27.5)
ing disposable gloves, solid-front or wrap-around

gowns, or coveralls with sleeves that fully cover the

forearms, eye protection (goggles or face shield), and
respiratory protection (US6NIOSH-certified N95 or

equivalent, or higher protection), are available and

staff are trained in their use

Provisions for adequate rest and other welfare issues 32 (24.4)
(e.g. workplace stress, concern for family members)

are available in my place of work

All staff (i.e. scientific and support) are informed of 65 (49.6)
the risk associated with SARS-CoV-2 infection, symp-
toms, reporting procedures and support from the

organization/hospital in the event of illness

Process for incident reporting and investigation exists 52 (39.7)

in my place of work

Sufficient space, including storage of specimensand 50 (38.2)
other materials (e.g. waste), is available in my place

of work

Access to appropriate Biological Safety Cabinets
(BSCs) and other essential equipment is ensured in
my place of work

37(28.2)

Adequate supplies of required disinfectants and 45 (34.4)

other materials are ensured at my place of work

Procedures are in place to ensure materials can be 47 (35.9)

transported safely to and from the laboratory

Good general security controls are in place including 37 (28.2)

those required to address out of hours work times

33(25.2)

48 (36.6)

42 (32.1)

23(17.6)

28(21.4)

41(31.3)

43(32.8)

41(31.3)

27 (20.6)

43(32.8)

45 (34.4)

46 (35.1)

23(17.6) 7(53) 10(7.6)

21 (16.0) 1(0.8)

16 (12.2) 2(15)

31(23.7) 19(14.5)

23(17.6) 18(13.7) 16(12.2)

14(10.7) 4(3.0) 2(1.5)

22(16.8) 8(6.1) 0(0.0)

23(17.6) 4(3.0) 4(3.0)

31(237)

24 (183) 4(3.1)

26 (19.8) 6 (4.6)

25(19.1) 10 (7.6)

in the containment of SARS-CoV-2. These findings are
incongruent with the results of the study conducted
among laboratory staff of two public health facilities
in Nigeria. According to this study, many respondents
(41.5%) were found to be unaware of laboratory safety
practices and 25.4% of respondents do not observe safety
practice in the laboratory [10]' The difference in the level
of awareness in these two studies may be due to the
increased laboratory safety education, training and cam-
paigns especially in this era of the COVID-19 pandemic.
The study found that the majority of the respondents
(63%) showed good personal effort in creating a safe lab-
oratory testing environment by regularly participating in
laboratory safety and PPE training, by prompt reporting
of accidents, incidents or near-misses in the laboratory

and adequate decontamination of bench surfaces, all gen-
erated wastes and other materials in the laboratory. Most
of the respondents also carried out proper labeling of
containers with their contents and regular hand washing.
Most respondents attested to regular use of personal pro-
tective equipment (PPE) when working in the laboratory
and not eating, drinking, applying cosmetics or handling
contact lenses in the laboratory. These personal efforts
from medical scientists reinforce a safe environment in
the laboratory, which enhances the provision of qual-
ity, efficient and effective laboratory services which are
essential in productive COVID-19 pandemic response.
The study conducted among personnel who worked in
various laboratories and hospitals in Denizli, Turkey
yielded similar results where study participants displayed
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good personal efforts in enhancing optimum laboratory
safety [11].

It was also revealed in this study, that safety awareness
has a positive impact on safety practice as awareness of
laboratory safety measures had a significant influence on
personal efforts of medical scientists in creating a safe
laboratory-testing environment. This is in agreement
with the result of a study in Pakistan in which the par-
ticipating healthcare workers showed good knowledge/
awareness of COVID-19 disease and displayed good
safety practices [12].

Even though most of the medical scientists in this study
demonstrated good personal efforts in creating a safe lab-
oratory-testing environment, there were, however, inade-
quate supply of appropriate PPEs as well as poor training
in their use, inadequate provisions for rest and other
welfare packages, poor access to appropriate Biological
Safety Cabinets (BSCs) and other essential equipment.
This discovery is an aberration to the recommended
WHO laboratory biosafety standard and may jeopard-
ize the safety of medical scientists, reduce the chance of
obtaining timely, accurate and reliable laboratory results
which are important for effective and efficient COVID-
19 pandemic responses such as diagnosing, managing,
determining treatment and prognostic outcomes, as well
as the overall patient safety. This is consistent with pre-
vious findings in some research facilities in Nigeria in
which study participants attested to poor availability of
PPE and no access to biosafety level (BSL)-1-4 facilities
[13]. This result also agrees with the report of the sur-
vey conducted by the International Federation of Clini-
cal Chemistry and Laboratory Medicine IFCC in which
the majority of the laboratory staff work without wearing
face masks, eye goggles, disposable gowns or use appro-
priate safety cabinets even when performing aerosol-gen-
erating procedures [14, 15].

Interestingly, a strong association existed between the
personal efforts of respondents in creating a safe labora-
tory testing environment and laboratory safety enabling
factors. This further substantiates the importance of
availability and accessibility of safety equipment, tools,
supplies and materials in the laboratory.

Conclusion

The respondents displayed a high level of awareness
of safety standards and great personal efforts in creat-
ing a safe laboratory-testing environment by observing
safety protocols. However, it was evident that there was
poor availability of safety facilities, equipment, support
and welfare packages required to enhance the safety of
these medical scientists as they play their roles as part
of front line workers in the battle against the deadly
COVID-19 disease. The safety of medical scientists
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should constitute a major concern as the pressure to
increase COVID-19 testing with short turnaround
times increases. In order not to compromise the safety
of medical scientists and the efficiency of laboratory
test results, we advocate for the provision of biosafety
devices, PPEs in medical laboratories across Nige-
ria and zeal boosting welfare and support packages
especially in this critical time in the world’s history.
Adequate training in the use of PPEs, in laboratory
biosafety practices and maintenance of biosafety equip-
ment, should be prioritized.

Lastly, policies on safety practices should be rein-
forced and enforced.

However, it is important to note that the participants’
recruitment method used relies majorly on personal
and social relationships to reach potential participants
instead of a more systematic sampling method. It also
has the potential for sample clustering which may make
generalization of the study findings difficult.

In addition, there is increased likelihood of recall bias
as participants’ responses were largely dependent on
the honest report of the real-life experiences. Therefore,
more studies with systematic sampling methods, multi-
dimensional measures and expanded inclusion such as
focus groups, in-depth interviews with the inclusion of
medical scientists who are located in rural areas with
limited internet access, are warranted.

Abbreviations

BSCs: Biological Safety Cabinets; BSL: Bio-Safety Level; IFCC: International Fed-
eration of Clinical Chemistry and Laboratory Medicine; PPE: Personal Protec-
tive Equipment; SD: Standard Deviation; SOP: Standard Operating Procedure;
WHO: World Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512879-021-06806-0.

Additional file 1: Table S1. Awareness level of laboratory safety measures
in relation to their demographics.

Additional file 2: Table S2. Influence of awareness on personal efforts in
creating a safe laboratory-testing environment and years of experience.

Additional file 3: Table S3. Association between personal effort of
medical scientist in creating a safe laboratory-testing environment and
laboratory safety enabling factors.

Additional file 4: Figure S1. Overall level of awareness of laboratory
safety measures.

Additional file 5: Figure S2. Overall level of personal efforts in creating a
safe laboratory testing environment.

Acknowledgements

The authors thank Mr. Ogundare Olusegun for his valuable help during data
collection and Mr. Kayode Olaniyan for his expertise support during the data
analysis of this study. Our heartfelt gratitude also goes out to Associate Profes-
sor Akin Omisore for his great editorial assistance during the study period.


https://doi.org/10.1186/s12879-021-06806-0
https://doi.org/10.1186/s12879-021-06806-0

Lekan-Agunbiade and Agunbiade BMC Infect Dis

(2021) 21:1114

Authors’ contributions

TTLA conceived, designed, monitored data collection, and drafted the manu-
script. OIA monitored data analysis and reviewed the draft. Both authors read
and approved the final manuscript.

Funding
The authors received no funding for this study.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

We carried out this study following the Declaration of Helsinki. Universities
were closed due to lockdown, so the Primary Healthcare Department of Ife-
East Local Government, lle-Ife, Nigeria (a body in-charge of community health
and research governance) ruled that no formal ethics approval was required
in this particular case. The study participants gave written informed consent
to participate in the survey and we gave an assurance of absolute respect,
confidentiality and anonymity to the study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no financial and non-financial competing
interests.

Received: 18 January 2021 Accepted: 20 October 2021
Published online: 29 October 2021

References

1.

COVID-19 Dashboard by the Center for Systems Science and Engineering
(CSSE) at Johns Hopkins University (JHU)". ArcGIS. Johns Hopkins Uni-
versity. https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.
html#/bda7594740fd40299423467b48e9%ecf6. Accessed 10 Jan 2021.
Update on COVID-19 in Nigeria. 2020: https://covid19.ncdc.gov.

ng/. Accessed 10 Jan 2021.

Lippi G, Plebani M. The critical role of laboratory medicine during Corona-
virus disease 2019 (COVID-19) and other viral outbreaks. Clin Chem Lab
Med. 2020;58(7):1063-9. https://doi.org/10.1515/cclm-2020-0240.

Lippi G, Adeli K, Ferrari M, Horvath AR, Koch D, Sethi S, Wang CB. Biosafety
measures for preventing infection from COVID-19 in clinical laboratories:
|IFCC Taskforce Recommendations. Clin Chem Lab Med. 2020;58(7):1053—
62. https://doi.org/10.1515/cclm-2020-0633.

Page 8 of 8

Laboratory biosafety guidance related to Coronavirus disease 2019
(COVID-19). https://apps.who.int/iris/bitstream/handle/10665/331138/
WHO-WPE-GIH-2020.1-eng.pdf. Accessed at 7 Jul 2020.

Loh TP, Horvath AR, Wang CB, Koch D, Adeli K, Mancini N, Ferrari M,
Hawkins R, Sethi S, Lippi G, International Federation of Clinical Chemistry
and Laboratory Medicine Taskforce on COVID-19. Operational considera-
tions and challenges of biochemistry laboratories during the COVID-19
outbreak: an IFCC global survey. Clin Chem Lab Med. 2020;58(9):1441-9.
https://doi.org/10.1515/cclm-2020-0710.

Nurses, health care workers on the frontlines of COVID-19 need to be
praised: Council of Nurses. 2020. https://www.sabcnews.com/sabcnews/
nurses-health-care-workers-on-the-frontlines-of-covid-19-need-to-prais
ed-council-of-nurses/. Accessed 12 Jun 2020.

U.S. Department of Health and Human Service, Center for Disease Control
and Prevention. Guidelines for a safe work practices in human and animal
medical diagnostic laboratories. Recommendations of a CDC-convened,
biosafety blue ribbon panel. MMWR. 2012;61:7-37.

Shahid A, Mustufa MA, Kazmi SU, Siddiqui TR, Mohiuddin S, et al. Practice
and awareness regarding biosafety measures among lab techni-

cians working in clinical laboratories. Karachi, Pakistan Appl Biosaf.
2010;15(4):172-9.

Fadeyi A, Fowotade A, Abiodun MO, Jimoh AK, Nwabuisi C, Desalu OO.
Awareness and practice of safety precautions among healthcare workers
in the laboratories of two public health facilities in Nigeria. Niger Post-
grad Med J. 2011;8:141-6.

. Ozsahin A, Demir M, Zencir M, et al. Safety awareness among laboratory

workers. Adv Therapy. 2006;23:414-20.

Saglain M, Munir MM, Rehman SU, et al. Knowledge, attitude, practice
and perceived barriers among healthcare workers regarding COVID-19: a
cross-sectional survey from Pakistan. J Hosp Infect. 2020;105(3):419-23.
Odetokun IA, Jagun-Jubril AT, Onoja BA, Wungak YS, Raufu 1A, Chen JC.
Status of Laboratory Biosafety and Biosecurity in Veterinary Research
Facilities in Nigeria. Saf Health Work. 2017,8:49-58.

Loh T, Horvath A, Wang C, Koch D, Lippi G, Mancini N, Ferrari M, Hawkins
R, Sethi S, Adeli K. The International Federation of Clinical Chemistry and
Laboratory Medicine Taskforce on COVID-19. Laboratory practices to
mitigate biohazard risks during the COVID-19 outbreak: an IFCC global
survey. Clin Chem Lab Med. 2020;58(9):1433-40. https://doi.org/10.1515/
cclm-2020-0711.

Lim CY, Bohn MK, Lippi G, Ferrari M, Loh TP, Yuen KY, Adeli K, Horvath

AR. Staff rostering, split team arrangement, social distancing (physical
distancing) and use of personal protective equipment to minimize risk
of workplace transmission during the COVID-19 pandemic: a simula-
tion study. Clin Biochem. 2020;86:15-22. https://doi.org/10.1016/j.clinb
jochem.2020.09.003 (ISSN 0009-9120).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://covid19.ncdc.gov.ng/
https://covid19.ncdc.gov.ng/
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1515/cclm-2020-0633
https://apps.who.int/iris/bitstream/handle/10665/331138/WHO-WPE-GIH-2020.1-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/331138/WHO-WPE-GIH-2020.1-eng.pdf
https://doi.org/10.1515/cclm-2020-0710
https://www.sabcnews.com/sabcnews/nurses-health-care-workers-on-the-frontlines-of-covid-19-need-to-praised-council-of-nurses/
https://www.sabcnews.com/sabcnews/nurses-health-care-workers-on-the-frontlines-of-covid-19-need-to-praised-council-of-nurses/
https://www.sabcnews.com/sabcnews/nurses-health-care-workers-on-the-frontlines-of-covid-19-need-to-praised-council-of-nurses/
https://doi.org/10.1515/cclm-2020-0711
https://doi.org/10.1515/cclm-2020-0711
https://doi.org/10.1016/j.clinbiochem.2020.09.003
https://doi.org/10.1016/j.clinbiochem.2020.09.003

	Laboratory diagnosis and management of COVID-19 cases: creating a safe testing environment
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	COVID-19 testing and management recommendations by international federation of clinical chemistry and laboratory medicine (IFCC)
	World health organization’s (WHO) recommendations on laboratory safety standards

	Methods
	Survey instrument
	Data analysis

	Results
	Socio-demographic characteristics of subjects
	Awareness of laboratory safety measures
	Personal efforts in creating a safe laboratory-testing environment
	Laboratory safety enabling factors

	Discussion
	Conclusion
	Acknowledgements
	References


