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Abstract
Background: Laboratory test results are the cornerstone for patient diagnosis and treatment.

Gram staining is one of the classic laboratory test method actively used to differentiate bacteria.
However, gram stain examination and interpretation is difficult for medical laboratory
professionals as it requires multiple observations and years of experience. In Ethiopia, no
published evidence about competency assessment of medical laboratory professionals’ gram
staining technique was available. Such kind of information could help to identify gaps and make

suggestions to academicians, researchers and policy makers to address competency gaps.

Objective: To assess the competency of medical laboratory professionals on gram stain

examination and interpretation in selected hospitals of Addis Ababa, Ethiopia

Methods: A cross-sectional study was conducted to assess competency of medical laboratory
professionals on gram stain examination and interpretation from September 2015 to December
2017. Purposive sampling method was used and panel slides were prepared from Known bacterial
strains in American Type Culture Collection (ATCC). Data were collected from190 participants
based on examination and interpretation of six gram stained panel slides and response for 15
multiple questions. When then entered data into a REDCap software and analysis was performed
by R software. The study used Bloom’s cut off point to describe knowledge and skill of the

respondents.

Results: From 190 participants, 55(28.9%) participants scored low knowledge, 131(68.9%)
scored medium knowledge and only 4(2.1%) respondents scored high knowledge. Forty eight
(25.3%), 78(41%) and 64(33.7%) participants scored low, medium and high skill level from a
total of 190 participants, respectively.

Conclusion: Most Medical laboratory professionals are working without supervision and
refresher training on gram stain examination and interpretation. Hence, the knowledge level and
skill level of medical laboratory professionals are not satisfactory. Regular competence
assessment, training and follow up are necessary to improve Medical Laboratory Professional

competence.

Keywords: Knowledge and skill, Competence, Gram stain, Medical laboratory professionals,
Addis Ababa, Ethiopia
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1. Introduction

1.1. Background
Laboratory test results are the cornerstone for patient diagnosis and treatment. In the United

States, according to data from the Centers for Medicare & Medicaid Services Medicare database,
laboratory testing occurs for 98% of hospital admissions(1). Gram staining is one of the
laboratory test methods which is named after the Danish bacteriologist Hans Christian Gram who
originally devised it in 1882 and published in 1884 to discriminate between Pneumococci and
Klebsiella pneumoniae bacteria in lung tissue (2, 3). Gram stain is a classic biological protocol
that is still actively used to differentiate bacteria into two possible classifications: Gram-positive
cells, in which the primary stain is retained and Gram-negative cells, in which the primary stain
is lost (2, 4).

Gram stain is used routinely as requested in the clinical specimens submitted for smear and
culture. It may be used to characterize any specimen. Cerebrospinal fluid, other sterile body
fluids, expectorated sputum or bronchoalveolar lavages, wounds and exudates are routinely
stained directly in which bacterial infections are strongly suspected (5, 6, 7). Gram stain
interpretation gives immediate information regarding the presence or absence of bacterial
infection and morphotypes of bacteria involved in infection. This can be ground for

hospitalization and initiation of treatment and also initial choice of antibiotic therapy (8, 9).

In Ethiopia, most medical laboratories in health care facilities-cannot perform microbial culture
for the diagnosis of microorganisms. Microbial culture for the diagnosis of microorganisms is a
limited service. This was due to lack of skilled-man power, infrastructure, or cost of culture
diagnostic materials and other issues (10). Hence, Gram stain is a method of choice for the
diagnosis of microorganisms in most health care facilities, as microbial culture is impossible or

not accessible in most of these facilities.

In spite of its importance, interpretation of Gram stain is difficult for medical laboratory
professionals because such interpretation requires multiple observations and the judgment that
comes with years of experience (11). For gram stain interpretation, minor error may report the

presence of polymorph when not present, major error may report the presence of an organism not



present or fail to report the presence of 1" to 2* polymorphs, and very major error may fail to

report the presence of an organism and fail to report the presence of 3+ to 4+ polymorphs (8, 12).

Competency defines the ability to carry out the total performance responsibilities of the given
practitioner’s generic position or competency as the combined knowledge and skill factors
necessary to fulfill work obligations adequately. In other words, competency is the ability to
carry out a specific task within given parameters of control (1, 13).The competency required for
clinical laboratory personnel reflects performance in many dimensions such as knowledge,
intelligence, technical skills, problem solving abilities, interpersonal skills, and skills in oral and
written expression (1, 13,14).

In United States (U.S.), competency assessment in the clinical laboratory is mandated in U.S.
law since 1988 as part of CLIA ’88 and, published in the Federal Register as part of the Code of
Federal Regulations (CFR). The CFR defines the requirements for initial training verification,
initial competency assessment, and ongoing competency assessments of laboratory personnel
(15). According to CLIA '88, medical laboratory technologists must be assessed for competency
semiannually during the first year of employment and annually thereafter. This assessment must
include all of the following: direct observation, review of intermediate results, blind testing using
proficiency testing samples or internal samples, assessment of problem-solving skills, and
monitoring (13, 15, 16). It would be the responsibility of the technical supervisor to assure that
medical technologists are competent. However, some of the challenges clinical laboratories face

today is the design and implementation of competency assessment programs (13).

In Africa, including Ethiopia, there was no accessible mandated law how competency of medical

laboratory professionals should be assessed in each country.



1.2. Statement of the problem

Studies conducted in the U.S. and Canada reported that there were gaps on Gram stain
interpretation between Medical Laboratory Professionals (8, 17, 18). These gaps occurred in
countries with advanced Medical Laboratory Technologies, high level of higher institution
education quality, and high level of skilled man-power, accessible health information resources,

adequate training and other facilities.

In Ethiopia, even though gram stain is the method of choice for diagnosis of microorganisms to
guide initial choice of antibiotic therapy as stated above, there was a gap between higher
institutions to produce medical laboratory professionals with usable knowledge and practical
skills (19), lack of health information resources (20), no evidence of refresher training and
supervision on gram stain examination and interpretation, low level but progressive
Strengthening Laboratory Management Towards Accreditation (SLMTA) practice (16, 21) and
lack of continuing professional development(CPD) program. Hence, due to these gaps Gram
stain examination and interpretation by medical laboratory professionals is low quality and
inconsistent. Lack of proper gram stains examination and interpretation could lead clinicians to
miss diagnose and miss treat patients, which could cause drug resistance, resource-wastage, and
suffering and possibly death of patients and others (17, 22, 23).

In Ethiopia, there were also no accessible studies in the scientific literature that reported
competency of medical laboratory professionals on gram stain examination and interpretation.
This indicates that the area was not examined by both researchers and responsible bodies for
continuing professional development and quality medical laboratory services. Therefore, there
was lack of scientific evidence on competency of medical laboratory professionals on Gram stain

examination and interpretation in Ethiopia and in the study area in particular.



1.3. Significance of the study

High quality Gram stain examination and interpretation cannot be achieved without competent
medical laboratory professionals. Medical Laboratory Professionals can be competent on gram
stain examination and interpretation, if there are studies to show knowledge and practice gaps
and generate appropriate recommendations such as training and supervision. Despite the
importance, there were no accessible studies that examined competency on gram stain
examination and interpretation in Africa. Hence, competency assessment of Medical Laboratory
Professionals on gram stain examination and interpretation was necessary to identify gaps about
competency of Medical Laboratory Professionals during gram stain examination and

interpretation and to assess associated factors.

Scientific evidence from competency assessment of Medical Laboratory Professionals will
deliver important information for planning continuous professional development, training and
supervision. It also provides important evidence to higher institutions to better align their training
and produce knowledgeable and skilled man power. Generally, study in this area would be
valuable for Medical Laboratory Professional associations, higher institutions, government
bodies, stakeholders, participating hospitals and other health care facilities by showing

addressable competency gaps in gram stain examination and interpretation.



2. Literature review

There are several studies about the importance of Gram stain examination in diagnosis of
diseases using different body fluids and other specimens (24 - 26). A study in the U.S. reported
that gram stain for bacteriuria appears to have more sensitivity, specificity and positive
predictive value than routine urinalysis in detecting UTI in infants. In addition, the study
suggested that doing gram stain is helpful when the amount of urine obtained is insufficient for
routine urinalysis. Urine Gram stain can be adequate screening for UTI and early identification
of mixed organisms, which could help to alert the clinician to a possibility of contaminated

specimen (5).

In another study, various rates of sensitivity and specificity have been reported for different
samples obtained from the human body in different countries (25, 27, 28). Sensitivity of over
90% and specificity of 73% have been documented for bronchoalveolar lavage fluid and
intraocular samples (6). Gram stain study of specimens taken from artificial joints in orthopedic
surgery has been found to be not reliable for determining the presence of infection in patients
who are having revision surgery of the arthroplasty. While gram stain may be specific, it lacks

acceptable level of sensitivity (range 0 to 23%) (6).

Another study also showed that the Gram stain is not suitable for microbiological analysis of
burn wound surfaces (7, 29). However, in the U.S., Gram stain of a deep tissue biopsy of an ulcer
is largely predictive of the microorganism causing underlying infection and likely sustainable
because of the considerably lower costs when compared with cultures (30). In another study,
results after processing fitty pus samples, direct smear examination by Gram staining was found
to be better than culture in 5 pus samples and out of the total fifty samples or swabs processed,

74% were positive by Gram’s staining whereas only 64% were positive by culture (7).



Although different studies indicated Gram stain may be the oldest, most entrenched and an
important technique still in use in the microbiology laboratory, there were very few studies
reported competency assessment of medical laboratory professionals on gram stain examination

and interpretation (31).

In the U.S., a study surveyed a total of 552 institutions and, showed that 89.2% of institutions
had a written competency plan and of those, 90.3% used their plan for microbiology. The study
reported that approximately 98% of institutions review employee competency at least annually.
Of all laboratories surveyed, 87.5% perform direct supervision, 77.4%review test or QC results,
60% review instrument preventive maintenance, 52.2% conduct written testing, and 20.8%
perform other methods of assessment as a competency tool. For this study, measuring of
adherence to the laboratory’s own competency plan found that 89.7% assessed using direct
observation, 85.8% assessed by reviewing QC and patient test results, 78% assessed by
reviewing instrument records, and 74% assessed using written testing; 90.4% of new employees
were assessed as indicated per policy, and 90% of employees were found to have responded
satisfactorily to a written competency assessment regarding specimen processing. In these
institutions failure to comply with the laboratory’s own competency plan ranged from 1 to 6.4%,
and employees who failed competency assessment were not allowed to continue their usual work
in 8.6% of institutions (15).

In Ontario, Canada, a study reported that licensed clinical laboratories participate in external
quality assessment (proficiency testing) and perform competency evaluation of their staff. The
study was done on competency assessment practices. The Quality Management Program-
Laboratory Services (QMP-LS) surveyed all 112 licensed Ontario microbiology laboratories. Of
the 111 responding laboratories, 6 indicated they did not have a formal evaluation program since
they perform only limited bacteriology testing. Of the remaining 105 respondents, 87% perform
evaluations at least annually or every 2 years, and 61% include any test or task performed,
whereas 16% and 10% focus only on problem areas and high-volume complex tasks,
respectively. A survey respondents indicated that the most common competency issue requiring

remediation was associated with Gram staining and interpretation (22).



An assessment of medical laboratory professionals was done in the U.S. by using sets of direct
Gram stained smears for which the culture results were known. For this study accuracy of
identification of Pseudomonas aeruginosa was 60% for the first survey conducted in 1987 but
improved progressively to over 80% in 1988 and 1989 until a decline was observed in 1990(18).
According to the study, this was correlated with an increase in the number of untrained personnel
and indicated a greater need for in-service education in interpretation of gram-stained smears
(18). The study reported that enteric bacilli were easier to categorize correctly, and the accuracy
ranged from 80 to 100% throughout the period of the study survey while accuracy of
identification of the "Bacteroides-Haemophilus" group also has remained in the 90 to 100%
range since 1987. The assessment result indicated accuracy of identification of staphylococci has
never been less than 80% and usually has been in the 90 to 100% range rather Streptococcus
pneumoniaein sputum specimens had been correctly recognized 80 to 100% of the time during
most of the survey but fell to 50% early in 1990. The study showed this was during a period of
intensive training of new employees and the accuracy reached 90 to 100% later in 1990. For this
study , Neisseria species recognition always has fallen in the 95 to 100% range but dropped to
50% early in 1988(18).

Another study was conducted in the U.S., by reviewing major errors in Gram stain reports from
positive blood cultures during a 23-month period. The study reported that blood cultures were
misread for 57 (0.7%) of 8,253 patients. Of 5,885 read as gram-positive cocci, 6 (0.1%) had only
gram-negative organisms by culture, 3 of which were Acinetobacter species. Of 1,959 read as
gram-negative bacilli, 25 (1.3%) had only gram positive organisms by culture. Of these, 9 were
Bacillus and 2 were Clostridium species. Non recognition of mixed Gram stains accounted for 28

errors that most often were associated with a reading of gram-positive cocci(23).

Furthermore, a different study in the U.S., reported using computer based Gram stain
competency assessment on 278 users. Overall, users correctly identified approximately 90% of
the Gram stain items. When questions were categorized by cell type, users attained the highest
scores in host cells (93%) followed by other cells (92%), gram-positive cells (90%), and gram-
negative cells (88%). When categorized by type of interpretation, users attained the highest
scores in the other category (92%), followed by identify by structure (91%), and identify by

name (87%) (16). On the other hand from 40 Gram stain items, 6 were answered correctly by

7



99% or more of users, suggesting that these items were easy. When categorized by cell type,
these questions were spread across all 4 categories: host cells, 3; gram-negative, 3; other cells, 2;
and gram-positive, 1 (note that 3 questions were classified into more than 1 category). When
categorized by type of interpretation, only 1 question was identified by name category, 5 were
identified by structure category, and none were in the other category. There were 6 items that
were answered correctly by fewer than 75% of the users, suggesting that these items were
difficult. Five items were in the gram-negative category (range, 67%-74%), and 1 was in the host
cells category. When classified by type of interpretation, 2 of the difficult items were classified

as identify by structure and 4 as identify by name (17).

In the U.S., a study conducted to assess Gram stain interpretation proficiency of technologists
reported that the overall Gram stain interpretation proficiency rate for 70 satellite laboratory
technologists was 94%. In this study, host cells were interpreted with a higher success rate than
bacteria (98% versus 89%; P < 0.0001) (32).

In other study in the U.S., gram stain results were discrepant from culture for 5%  of all
specimens. Fifty-eight percent of discrepant results were specimens with no organisms  reported
on Gram stain but significant growth on culture while 42% of discrepant results had reported
organisms on Gram stain that were not recovered in culture. Upon review of available slides,
24% (63/263) of discrepant results were due to reader error, which varied significantly based on
site (9%-45%). The Gram stain error rate also varied among sites, ranging from 0.4% to 2.7%.
(33).

In Ethiopia a study conducted on 12 hospital laboratories participated on the national PT
program from 6 cycles of 2012 and 2013 G.C., Gram stain had high PT failure rates from 20 test

parameters. In this study Gram stain failure rate were 88.9% (34).



3. Objectives

3.1 General Objectives
+«» To assess the competency of Medical Laboratory Professionals on gram stain
examination and interpretation in selected hospitals of Addis Ababa, Ethiopia

3.2 Specific Objectives
% To determine the knowledge of Medical Laboratory Professionals on gram stain

examination and interpretation.

X3

%

To determine the skill of Medical Laboratory Professionals on gram stain examination

and interpretation.

X3

%

To identify competency associated factors with gram stain examination and interpretation
3.3. Hypothesis
The knowledge of Medical Laboratory Professionals on gram stain examination and

interpretation will be similar to knowledge of Medical Laboratory Professionals studied by

computer based competence assessment on 278 participants in the U.S. (17).



4. Materials and methods

4.1 Study design
A cross-sectional study was conducted to assess competency of Medical Laboratory

Professionals on gram stain examination and interpretation.

4.2. Study area, Study period and Study population

4.2.1. Study area

Addis Ababa is the capital city of Ethiopia with a population of 2,739,551 people, according to
the 2007 census (35). It has around 42 Hospitals, from which 30 hospitals are private hospitals.
The study was conducted in four federal hospitals (All Africa Leprosy Rehabilitation and
Training Center(ALERT), St. Paul’s Hospital Millennium Medical College, Amanuel Mental and
Specialized Hospital and Black Lion Specialized and Referral Hospital), six hospitals under
Addis Ababa City Administration Health Bureau (Minilik 11 Hospital, Zewditu Memorial
Hospital ,Yekatit 12 Hospital Medical College, Gandhi Memorial Hospital, Turnesh Bejing
Hospital and Ras Desta Damtew Memorial Hospital); two Uniformed hospitals(Armed Force
Referral and Teaching  Hospital and Police Hospital) and eight private hospitals(Kadisco
General Hospital, St. Gebreal General Hospital, Addis Hiwot General Hospital, Amin General
Hospital , Hayat General Hospital, Myung Sung Christian Medical Center, Yerer Primary
Hospital and Tzna General Hospital ) in Addis Ababa, Ethiopia. Tekele Haymanot General
Hospital and St.Yared General Hospital replaced by Amanuel Mental and Specialized Hospital
and Tzna General Hospital and excluded from this study because of Laboratory heads were not
interested to participate. Landmark hospital was not included in the study because of staff

shortage and work load.

4.2.2 Study period
The study was conducted from September 2015 to December 2017

4.2.3 Population

4.2.3.1 Source population
All Medical Laboratory Professionals who were working in Medical Laboratories of hospitals in

Addis Ababa, Ethiopia.
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4.2.3.1 Study population
Medical Laboratory Professionals who were working Medical Laboratories of Hospitals in Addis

Ababa and fulfilled the inclusion criteria.

4.3 Subjects requirements
4.3.1 Inclusion criteria
All Medical Laboratory Professionals who were working in selected Medical Laboratories of

Addis Ababa hospitals and who were on their job during the study period were included.

4.3.2 Exclusion criteria
Medical Laboratory Professionals who were absent during the study period

4.4 Variables

4.4.1 IndependentVariables
s Sex(M/F),

< Age in years,

+ Qualification(Categories),

« Service year(years),

+¢+ Previous training(yes or no ),

++ Hospitals(governmental ,Private and Uniformed),

«+ Higher Institutions

++ Supervision ( by regional or national laboratories)(yes or no),
+«»+ Health information resources (Categories)

< Employment status (i.e. full-time or part-time)

«»+ Shift (day, night, etc.)

+«+ Type of microscope

4.4.2 DependentVariables

< Competency level of Medical Laboratory Professionals on examination and interpretation
of gram stained panel slides

% Score of Medical Laboratory Professionals on theoretical questions

11



4.5. Sample size determination

In Addis Ababa there were around 42 Hospitals, from which 30 hospitals were private hospitals.
This study included all government hospitals (both federal and Addis Ababa city Administration
Health Bureau), uniformed hospitals and private hospitals. Preliminary assessment was done
about number of medical laboratory professionals in each hospital before data collection. In
private hospitals there were 5 medical laboratory professionals on average and the total number
of medical laboratory professionals working in private hospitals in Addis Ababa was around 150.
In Government hospitals there were around 288 and in uniformed hospitals 43 medical
laboratory professionals from the preliminary assessment. Total numbers of medical laboratory
professionals working in hospitals in Addis Ababa were around 481. Nancy G et al included 278
participants for computer based competence assessment study on gram stain in the U.S. While
similar studies in Ethiopia by Ayalew et al on Malaria and by Hailemariam et al on TB included
80 and 81 participants, respectively. In this study, based on the above studies as bench mark; 190

participants were included.

4.6. Sampling methods
Sampling methods for this study was Purposive. All government, uniformed and ten private

Hospitals in Addis Ababa were selected by Principal Investigator purposively for this study.

4.7 Data collection

4.7.1 Data collection tools and procedure

Gram stained panel slides and structured knowledge questions with background questionnaire
were used to conduct this study. One stained slide from graded and interpreted stained slides was
provided to each participant and then each participant was graded when interpreting one stained
slide within five minutes. Participants were also provided 15 structured knowledge questions
with background questionnaire to fill their response within 20 minutes. The questionnaire had
sub-components for socio-demographic characteristics, educational background, service year, in
service training, shift (day, night, etc.), employment status (i.e. full-time or part-time), type of
hospital, supervision background, use of health information resources, and frequency of health

information resources usage.
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Microscopes used for the study were checked for their proper functionality by a senior Medical
Laboratory Technologists at each laboratory and by the principal investigator as well. The whole

procedure for data collection was administered by the principal investigator.

Finally, the data from gram stained slide interpretation and 15 structured knowledge questions
with background questionnaire for each study participant were collected by the principal

investigator. Generally, gram stain grading can be reported as
(8,12, 36) :

% 1+ (very rare)
» Less than 10 in all fields examined
s 2+ (few)
» More than 10 in all fields but less than 1/field
% 3+ (moderate)
» More than 1/field but less than 25/field
% 4+ (many)
» More than 25 in one field

4.7.2 Panel Slide Preparation and Distribution

Bacteriology laboratory experts at the Armauer Hansen Research Institute (AHRI) and the
principal investigator prepared and validated the gram stained panel slides. Both patient sample
and samples from American Type Culture Collection (ATCC) were used for preparation of gram
stained panel slides. Panel slides were prepared from known bacterial strains known as American
Type Culture Collection (ATCC). The known bacterial strains were sub cultured on blood agar.
From growth on blood agar, gram stained panel slides were prepared and no organism slides
were prepared from patient sample. All slides were stained by gram staining procedure. Experts
interpreted the prepared gram stain smears using investigative criteria for the presence or
absence of gram stain findings (bacteria, yeasts and cells) and also quantification of findings
(few, moderate and many)(5,12,13). Experts were validated the gram stain interpretation
agreement with the culture growth on blood agar. The validated gram stain panel slides were

panel slides interpretation agreed with Culture growth. For this study, six gram stained panel
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slide types were used and the composition of test panels prepared in AHRI Bacteriology
Laboratory Department. The panel slides that were prepared included Gram positive cocci in
cluster(S.aureus)), =~ Gram  positive  cocci in  chain(S.pyogenes),  Gram  negative
diplococcic(N.gonorrhoeae), Gram positive diplococcic(S.pneumoniae) and Gram positive
rods(L.monocytogenes) from ATCC, and no microorganisms with many pus cells from patient
sample. Panel of slides were graded as few, moderate and many with different interpretation.
Next to preparation and validation, the slides were arranged, packed and distributed to the
participant by the principal investigator. The reporting formats and orders of how to perform the

tests were packed separately.

4.7.3 Data Managementand Quality Assurance
Data quality was assured through use of standardized data collection materials, pretesting of the

questionnaires, and intensive supervision during data collection by the principal investigator.

4.7.4 Data Entry and Analysis

After completing data collection, the data were entered in to RED Cap software and analysis was
performed by R software. The study used Bloom’s cut off point to measure knowledge and skill
of the respondents. Percent of correct response to a set of 15 knowledge questions was graded as
follows: 59 % or below (8/15) as low, 60-80 % (9-12/15) as medium and above 80 % (>12/15):
as high knowledge level. Similarly, percent of correct responses to a set of 6 skill related
questions was graded as follows: those who were performed correctly in 3 or below 59 % (3/6)
as low, 60-80 % (3-4.8/6) as medium and above 80 % (>4.8/6) as high skill level (37). A logistic
regression analysis was used to determine associations with dependent and independent
variables. Statistical significance was determined based on two-sided P value< 0.05. Median,
Very major error, major error, minor error, maximum score, minimum score and others errors
were analyzed for skill tests. For 15 knowledge questions the analyses was also performed for

median, maximum score and minimum score of exam answers.
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4.8 Ethical consideration
The study was approved by the departmental research and ethics review committee (DRERC) of

Department of Medical Laboratory Sciences, School of Allied Health Sciences, College of
Health Sciences, Addis Ababa University and Armauer Hansen Research Institute Ethics Review
Committee. Official letter was written to the participating hospitals from Department of Medical
Laboratory Sciences, School of Allied Health Sciences, College of Health Sciences, Addis
Ababa University. Information sheets were prepared in English and Amharic and it was read for
participants. Consent forms were prepared in Amharic and English and it was read and signed (if

agreed) by the participating medical laboratory professionals

Information that was obtained about the medical laboratory professionals from the questionnaires
and the pane slides were kept totally anonymous. Participants had the right not to participate or

to withdraw from the study at any time.

4.9 Operational definitions
Gram stain interpretation minor error: report the presence of polymorph when not present

).

Gram stain interpretation major error: report the presence of an organism not present or
failure to report the presence of 1+ to 2+ polymorphs (5).

Gram stain interpretation very major error: failure to report the presence of an organism and

failure to report the presence of 3+ to 4+ polymorphs (5).

Competency: the ability to carry out the total performance responsibilities of the given
practitioner’s generic position or the combined knowledge and skill factors necessary to fulfill

work obligations adequately(14).

Uniformed Hospitals: Armed Force Referral and Teaching Hospital and Police Hospital

4.10 Dissemination of Results
The result of this study will be reported to or shared with all those who are responsible for

continuous professional development of medical laboratory professionals. The results will also
be presented to the scientific community and policy-makers at different venues such as scientific

conferences and publication in peer-reviewed journals.
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5. Results
5.1 Background characteristics of respondents

A total of 190 Medical Laboratory Professionals were included in this study. The median age of
the respondents was 28 years with the Interquartile (IQR) range of 8 years. The median
experience of participant was 5 years with IQR range of 6 years while the median of experience
in bacteriology was 0.5 years with IQR range of 3 years. Most of the study respondents were
males 103 (55.1%) and regarding education, the majority of the respondents 98(52.1%) were had
first degree education status. One hundred thirty eight 138(75%) participants were from
government hospitals and the majority of participants 142(78.5%) studied in government higher

institutions (Table 1).
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Table 1 Socio demographic characteristics of Medical Laboratory Professionals working in
selected Hospitals of Addis Ababa, Ethiopia, 2017

Background Characteristics Number Percent (%)

Variables

Age in years(n=186) 19-25 37 19.9%
26-30 83 44.6%
31-35 30 16.1%
>=36 36 19.4%
Unknown 4 2%

Sex(n=187) Male 103 55.1%
Female 84 44.9%
Unknown 3 1.6

Hospital type(n=184) | Government 138 75%
Private 40 21.7%
Uniformed 6 3.2%
Unknown 6 3.1
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Higher Institution | Government 142 78.5%
type(n=181)
Private 39 21.5%
Unknown 9 4.7
Education level Masters 16 8.5%
(n=188) First degree 98 52.1%
Diploma 74 39.4%
Unknown 2 1

Eighty one 81(42.6%) of study participants used similar type of microscope. During the study
time, most of participants worked in Hematology 29 (15.4%), Microbiology 25(13.3%),
Phlebotomy 23(12.2%), Clinical Chemistry 24(12.77%) and Parasitology 20(10.6%) laboratory
sections. Most of the study participants 139(73.16%) were working without supervision on Gram
stain examination and interpretation from regional or federal institutions. One hundred sixty two
(85.7%) of respondents were working without training on gram stain examination and
interpretation. Majority of the study participants123 (65.4%) accessed health information
resources and most of respondents 102(68%) used these health information resources sometimes
(Table 2).
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Table 2 Other background characteristics of Medical Laboratory Professionals working in
selected Hospitals of Addis Ababa, Ethiopia, 2017

Background Characteristics Number Percent (%)
Variables
Microscope type Tensido 3 1.6%
(n=190)
Labomad 13 6.8%
HumaScop 22 11.6%
LEICA 14 7.4%
Ecoline 4 2.1%
Olympus 81 42.6%
PrimoStar 53 27.9%
Parasitology 20 10.6%
Serology 9 4.8%
Clinical Chemistry 24 12.8%
Phlebotomy 23 12.2%
Micro Biology 25 13.3%
Management 7 3.7%
18 9.6%
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Working department All section
(n=188) Blood Bank 10 15.4%

Hematology 29 15.4%

Urine Analysis 2 1.1%

Others 21 11.2%

Unknown 2 1
Supervision Yes 51 26.8%
(n=190) No 139 73.2%
Training on  Gram| Yes 27 14.3%
stain(n=189)

No 162 85.7%

Unknown 1 0.5
Health information | Yes 123 65.4%
resources(n=188)

No 65 34.6%

Unknown 2 1
Frequency of health | Always 26 17.3%
information  used as

Some times 102 68%
resources

Never 22 14.7%
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5.2 Knowledge of Medical Laboratory Professionals in selected Hospitals in
Addis Ababa, Ethiopia, 2017(n=190)

For the 15 theoretical knowledge questions administered to participants, minimum score was
3(20%) and maximum score was 13(86.7%). From 190 participants, 55(28.9%) participants
scored with low knowledge level, 131(68.9%) scored medium knowledge level and only 4(2.1%)

respondents were scored high knowledge level.

Analyses were carried out to examine the association between different factors and knowledge of
study participants on gram stain examination and interpretation. Education level, Super vision by
regional or federal government body and training about gram stain had significant association
with knowledge level of study participants (p value = 0.0000006, 0.004 and 0.002 respectively).
From all study participants with high knowledge level (4), 3(75%) of them had masters’ level
and one (25%) had first degree level. Respondents with diploma education level had no high

knowledge level.

All participants who were supervised by regional or federal government body had high
knowledge level and all participants with high knowledge level had supervision. However,
participants working without supervision had no high knowledge level. From study respondents
with low knowledge level, most of the respondents 41(74.6%) with low knowledge level were
those who had no supervision. From all study participants, there were 41(21.6%) participants
who had no supervision and low knowledge level. Of all high knowledge level participants, the
majority 3(75%) had training on gram stain whereas of all participants with low knowledge
level, most of them 49(89.1%) had no training on gram stain. Of all study participants, 25.9%

had no training on gram stain and had low knowledge level.

Age, higher institution type, microscope type, sex, working department, hospital type, health
information resources and frequency of health information resources use had no significant
association with knowledge level of medical laboratory professionals on Gram stain examination
and interpretation. Even though, age groups 19-25 years and 31-35 years had no high knowledge
level. For this study, female participants, participants working in private hospitals, learned in

private higher institutions, used microscope type Tensido, Labomad, HumaScop, LEICA and
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Ecoline and participants who had no access of health information resources do not have high

knowledge level(Table 3).

Table 3The level of the knowledge of the medical laboratory professionals on gram stain

examination and interpretation associated with background characteristics in hospitals in

Addis Ababa, Ethiopia, 2017

Independent Knowledge level Total X P
Characteristic
valu
Variables Low Medium High N (%) .
N (%) N (%) N (%)
Age 19-25 11(5.9%) | 26(13.98%) | 0(0%) 37(19.89%) | 2.9 |08
26-30 26(13.9%) | 54(29%) 3(1.6%) | 83(44.6%)
31-35 9(4.84%) | 21(11.3%) | 0(0%) 30(16.1%)
>=36 9(4.84%) | 26(13.98%) | 1(0.5%) | 36(19.4%)
Total N (%) 55(29.6%) | 127(68.3%) | 4(2.2%) | 186
Sex Male 26 73(39.1%) |4(2.1%) | 103 44 101
(55.1%)
(13.9%)
Female 28 56(29.95%) | 0(0%) 84(44.9%)
(14.9%)
Total N (%) 54 129(68.9%) | 4 187
(28.9%)
(2.1%)
Government 42(22.8%) | 92(50%) 4 (2.2%) | 138(75%)
Private 10(5.4%) | 30(16.3%) | 0(0%) 40(21.7%)
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Hospital Uniformed 3(1.6%) | 3(1.6%) 0(0%) 6(3.3%) 31 |05
Type

Total N (%) 55(29.9%) | 125(67.9%) | 4(2.2%) | 184
Higher Government 47(25.9%) | 92(50.8%) | 3(1.7%) | 142(78.5%) | 3.4 |0.2
Institution
Type Private 8(4.4%) 31(17.1%) | 0(0%) 39(21.6%)

Total N (%) 55(30.4%) | 123(67.9%) |3 (1.7%) | 181
Microscope | Tensido 0(0%) 3(1.6%) 0(0%) 3(1.6%) 7.2 |08
Type Labomad 3(1.6%) 10(5.3%) 0(0%) 13(6.8%)

HumaScop 6(3.2%) 16(8.4%) 0(0%) 22(11.6%)

LEICA 3(1.6%) 11(5.8%) | 0(0%) 14(7.4%)

Ecoline 0(0%) 4(2.1%) 0(0%) 4(2.1%)

Olympus 24(12.6%) | 55(28.9%) | 2(1.1%) | 81(42.6%)

PrimoStar 19(10%) | 32(16.8%) |2 (1.1%) | 53(27.9%)

Total N (%) 55(28.9%) | 131(68.9%) | 4(2.1%) | 190
Education Masters 2(1.1%) 11(5.9%) 3(1.6%) | 16(8.5%) 24. | 0.00
level 6 0000

First Degree 29(15.4%) | 68(36.2%) | 1(0.5%) | 98(52.1%) 6

Diploma 23(12.2%) | 51(27.1%) | 0(0%) 74(39.36%)

Total N (%) 54(28.7%) | 130(69.2%) | 4 (2.1%) | 188
Working Parasitology 6(3.2%) 14(7.5%) 0(0%) 20(10.6%) 14,

0.79
8

Department | Serology 3(1.6%) 5(2.7%) 1(0.5%) | 9(4.8%)
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Clinical 6(3.2%) 17(9%) 1(0.5%) | 24(12.8%)
Chemistry
Phlebotomy 6(3.2%) 17(9%) 0(0%) 23(12.2%)
Micro 9(4.8%) 14(7.5%) 2(1.1%) | 25(13.3%)
Biology
Management | 1(0.5%) 6(3.2%) 0(0%) 7(3.7%)
All section 5(2.7%) 13(6.9%) 0(0%) 18(9.6%)
Blood Bank 2(1.1%) 8(4.3%) 0(0%) 10(5.3%)
Hematology 10(5.3%) | 19(10.1%) | 0(0%) 29(15.4%)
Urine 1(0.5%) 1(0.5%) 0(0%) 2(1.1%)
Analysis
Others 5(2.7%) 16(8.5%) 0(0%) 21(11.2%)
Total N (%) 54(28.7%) | 130(69.2%) | 4(2.1%) | 188
Supervision | Yes 14(7.4%) | 33(17.4%) 4(2.1%) | 51(26.8%) 11. | 0.00
1 4
By Federal| No 41(21.6%) | 98(51.6%) | 0(0%) 139(73.2%)
(Regional)
0, 0, 0, 0,
institution Total N (%) 55(28.9%) | 131(68.9%) | 4(2.1%) | 190
Yes 6(3.2%) 18(9.5%) 3(1.6%) | 27(14.3%)
No 49(25.9%) | 112(59.3%) | 1(0.5%) | 162(85.7%)
Training on | Total N (%) 55(29.1%) | 130(68.8%) | 4(2.1%) | 189 2.1 [0.00
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Gram stain % 2
Health Yes 35(18.6%) | 84(44.7%) | 4(2.1%) | 123(65.4%) | 2.2 |0.3
Information

No 19(10.1%) | 46(24.5%) | 0(0%) 65(34.6%)
resources

Total N (%) | 52(28.7%) | 130(69.1%) | 4(2.1%) | 190
How much Always 8(5.3%) | 16(10.7%) | 2(1.3%) |26(17.3%) |39 |04
Times  use | Some times 29(19.3%) | 71(47.3%) | 2(1.3%) | 102(68%)
the health

0, 0, 0, 0

ciormation | VEVET 5(3.3%) | 17(11.3%) | 0(0%) 22(14.7%)
resources Total N (%) | 42(28%) | 104(69%) | 4(2.7%) | 150
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5.3 SKkill of Medical Laboratory Professionals on gram stain examination and
interpretation

From all 190 participants high score for skill test was 6(100%) and low score was 0(0%) from 6
skill related tests. Forty eight (25.3%), 78(41%) and 64(33.7%) participants scored low, medium
and high skill level respectively. Hospital type, microscope type and health information resources
availability were significantly associated with skill level (p wvalue 0.0009, 0.04 and 0.01
respectively).  However, age, sex, frequency of health information resources use, training on
gram stain, supervision, working department type, education level and higher institution type did

not show statistically significant association with skill level of respondents.

All study subjects from uniformed hospitals had high skill level on gram stain examination and
interpretation. Among participants with low skill level and medium skill level, most of the
respondents were from government hospitals (43(89.6%) and 52(70.3%) respectively).
Participants used microscope type Labomad and Ecoline had no low skill on gram stain
examination and interpretation. However, participants used microscope type Tensido had no high
skill level on gram stain examination and interpretation. Of the respondent who had access for
health information resources, most of them scored medium and high skill level on gram stain
examination and interpretation (49(39.9%) and 50(40.7%) respectively). Furthermore, the
majority of those who had no access of health information resources on gram stain scored low
and medium skill level on gram stain examination and interpretation (23( 35.4% )and 28(43.1%)

respectively) (Table 4).
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Table 4.The level of the skill of the Medical Laboratory Professionals on gram stain
examination and interpretation associated with background characteristics in hospitals in
Addis Ababa, Ethiopia, 2017

Independent Skill  Level Total X P
Characteristic
valu
Variable Low Medium High N (%) .
N (%) N (%) N (%)
Age 19-25 9(4.8%) 15(8.1%) | 13(6.9%) 37(19.9%) 34 0.8
26-30 23(12.4%) | 34(18.3%) | 26(13.9%) | 83(44.6%)
31-35 4(2.2%) 14(7.5%) | 12(6.45%) | 30(16.1%)
>=36 11(5.9%) 15(8.1%) | 10(5.4%) 36(19.4%)
Total N (%) 47(25.3%) | 78(41.9%) | 61(32.8%) | 186
Sex Male 23(12.3%) | 41(21.9%) | 39(20.9%) | 103(55.1%) | 1.47 | 0.5
Female 23(12.3%) | 36(19.3%) | 25(13.4%) | 84(44.9%)
Total N (%) 46(24.6%) 77(41.2%) | 64(34.2%) | 187
Government 43(23.4%) | 52(28.3%) | 43(23.4%) | 138(75%)

Hospital Private 5(2.7%) 22(11.9%) | 13(7.1%) 40(21.7%) 18.7 | 0.00
Type 09
Uniformed 0(0%) 0(0%) 6(3.3%) 6(3.3%)

Total N (%) 48(26.1%) | 74(40.2%) | 62(33.7%) | 184
Higher Government 38(20.9%) | 58(32%) 46(25%) 142(78%) 054 (0.8
Institution

Private 9(4.9%) 15(8.3%) | 15(8.3%) 39(21.6%)
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Type

Total N (%) 47(25.9%) | 73(40%) | 61(33.7%) | 181
Tensido 2(1%) 1(0.5%) | 0(0%) 3(1.6%) 21.6 | 0.04
Labomad 0(0%) 4(2%) 9(4.7%) 13(6.8%)
HumaScop 6(3.2%) 11(5.8%) | 5(2.6%) 22(11.6%)
LEICA 1(0.53%) 9(4.7%) | 4(2%) 14(7.4%)
Ecoline 0(0%) 3(1.6%) | 1(0.5%) 4(2%)
Olympus 21(11%) | 30(15.8%) | 30(15.8%) | 81(42.6%)
PrimoStar 18(9.5%) | 20(10.5%) | 15(7.9%) | 53(27.9%)
Total N (%) 48(25.3%) | 78(41.1%) | 64(33.7%) | 190
Microscope
Type
Education Masters 4(2.1%) 4(2.1%) 8(4.3%) 16(8.5%) 42 |04
level
First Degree 24(12.8%) | 46(24.5%) | 28(14.9%) | 98(52.13%)
Diploma 19(10.1%) | 28(14.9%) | 27(14.4%) | 74(39.4%)
Total N (%) 47(25%) | 78(41.5%) | 63(33.5%) | 188
Parasitology 3(1.6%) 11(5.9%) | 6(3.2%) 20(10.6%)
Serology 3(1.6%) 1(0.5%) | 5(2.7%) 9(4.8%)
Clinical 7(3.7%) 11(5.9%) | 6(3.2%) 24(12.8%)
Chemistry
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Phlebotomy 5(2.7%) 14(7.5%) | 4(2.1%) 23(12.2%)

Micro Biology | 5(2.7%) 9(4.8%) | 11(5.9%) | 25(13.3%)

Management 3(1.6%) 4(2.1%) 0(0%) 7(3.7%)

All section 42.1%) | 6(3.2%) | 8(4.3%) 18(9.6%)

Blood Bank 1(0.5%) 2(1.1%) 7(3.7%) 10(5.3%)

0.2

Working Hematology 8(4.3%) 9(4.8%) | 12(6.4%) | 29(15.4%) | 255
Department Urine 1(0.5%) 1(0.5%) | 0(0%) 2(1.1%)

Analysis

Others 7(3.7%) 9(4.8%) 5(2.7%) 21(11.2%)

Total N (%) 47(25%) 77(40.9%) | 64(34.1%) | 188
Supervision Yes 10(5.3%) 20(10.5%) | 21(11%) 51(26.8%) | 2.10 | 0.3
By Federal | No 38(20%) 58(30.5%) | 43(22.6%) | 139(3.1%)
(Regional)

0, 0, 0,
A Total N (%) 48(25.3%) | 78(41.05 |64(33.7%) | 190
%)

Training  on| Yes 7(3.7%) 13(6.9%) | 7(3.7%) 27(14.3%) | 1.01 | 0.6
Gram stain

No 41(21.7%) | 64(33.9%) | 57(30.2%) | 162(85.7%)

Total N (%) 48(25.4%) | 77(40.7%) | 64(33.9%) | 189
Health Yes 24(12.8%) | 49(26.1%) | 50(26.6%) | 123(65.4%) | 8.95 | 0.01
Information

No 23(12.2%) | 28(14.9%) | 14(7.5%) | 65(34.6%)
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resources Total N (%) 47(25%) 77(40.9%) | 64(34.1%) | 188
How much Always 7(4.7%) 6(4%) 13(8.7%) | 26(17.3%) |56 |0.2
Times  use | Some times 17(11.3%) | 47(31.3%) | 38(25.3%) | 102(68%)
the health
0, 0, 0, 0,
oo | Never 6(4%) 9(6%) 7(4.7%) 22(14.7%)
resources Total N (%) 30(20%) | 62(41.3%) | 58(38.7%) | 150
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5.4 Errors of Medical Laboratory Professionals on gram stain examination and
interpretation

There were 44 observations (4%) with major errors and 321 observations (28%) with very major
errors from all 1140 observations. Of all observations 321(28.2%) reported without grading, 39
observations (3.4%) reported gram positive bacteria as gram negative bacteria and 15
observations (1.4%) reported gram negative bacteria as gram positive bacteria. One hundred
forty eight observations (12.9%) also reported without grading with gram positive bacteria
reported as gram negative bacteria and forty three observations (3.7%) reported without grading

with gram negative bacteria reported as gram positive bacteria (Table 5).
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Table 5.The level of the Error of the medical laboratory professionals on gram stain

examination and interpretation for skill test in hospitals in Addis Ababa, Ethiopia, 2017

Error type Slides Cod Characteristics Number Percent
Errors GSS-01 Very major error | 15 7.9%
No error 175 92.1%
GSS-02 Very major error | 22 11.6%
No error 168 88.4%
GSS-03 Very major error | 20 10.5%
No error 170 89.5%
GSS-04 Very major error | 131 68.9%
No error 59 31.1%
GSS-05 Very major error | 32 16.8%
No error 158 83.2%
GSS-06 Major error 44 23.1%
Very major error | 101 53.1%
No error 45 23.7%
Al(N=190x6=1140) | Major error 44 4%
Very major error | 321 28%
No error 775 68%
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GSS-01 No grading 63 33.2%
Gram positive | 19 10%
reported as Gram
Negative
Both 59 31%
No Error 49 25.9%

GSS-02 No grading 70 36.8%
Gram positive | 15 7.9%
reported as
Gram Negative
Both 60 31.6%
No Error 45 23.7%

GSS-03 No grading 96 50.5%
No grading and 14 7.4%
Gram positive
reported as Gram
Negative
No Error 80 42.1%
No grading 26 13.7%
Gram positive | 5 2.6%

reported as
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Gram Negative

GSS-04
Both 15 7.9%
No Error 144 75.8%
GSS-05 No grading 62 32.6%
Gram Negative 15 7.9%
reported as Gram
positive
Both 43 22.7%
No Error 70 36.8%
GSS-06 No grading 4 2.1%
No error 186 97.9%
No grading 321 28.2%
Gram positive | 39 3.4%
reported as
Gram Negative
No grading and 148 12.9%
Gram positive
reported as
Gram Negative
Gram Negative 15 1.4%

reported as Gram

positive
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Other Error Al(N=190%x6=1140) | No grading and 43 3.7%
Types Gram Negative

reported as Gram

positive

No error 574 50.4%

5.5 Knowledge and skill of Medical Laboratory Professionals by median age,
general experience and experience in bacteriology laboratory in years

Participants with low knowledge and skill, medium knowledge and skill and high knowledge and
skill had median age of 29, 30 and 29.5 years respectively. Medical laboratory professionals with
low knowledge and skill, medium knowledge and skill, high knowledge and skill had median
experience of 5, 6 and 7.5 years respectively. Participants with 0.16, 0.665 and 2.15 median
years experience in bacteriology laboratory also had low knowledge and skill, medium

knowledge and skill and high knowledge and skill respectively (Table 6).
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Table 6.The level of the knowledge and skill of Medical Laboratory Professionals on gram

stain examination and interpretation by median age, experience and experience in

bacteriology laboratory in years in Hospitals of Addis Ababa, Ethiopia, 2017

Variables Median Skill level Knowledge level
Age 29 Low Low
27 Medium Low
29.5 High Low
26.5 Low Medium
30 Medium Medium
27 High Medium
29.5 High High
Experience in|5 Low Low
years
4 Medium Low
7.5 High Low
4 Low Medium
6 Medium Medium
5 High Medium
7.5 High High
Experience in| 0.16 Low Low
bacteriology
1 Medium Low

36




laboratory

0.375 High Low
0 Low Medium
0.665 Medium Medium
1 High Medium
2.15 High High

37




5.6 Association of knowledge and skill level of Medical Laboratory
Professionals on gram stain examination

There was statistically significant association knowledge and skill level of study participants on
gram stain examination and interpretation (p value= 0.006). Those who had high knowledge
level scored high skill level on Gram stain examination and interpretation and they had no low
and medium skill level. Of all study participants 21(11%) scored low knowledge level and low
skill level, 60(31.6%) had medium knowledge level and medium skill level and 4(2.1%) was
with high knowledge and skill level (Table 7).

Table7.Association of knowledge level and skill level of the Medical Laboratory
Professionals on gram stain examination and interpretation in Hospitals in Addis Ababa,
Ethiopia, 2017

Knowledge Low skill | Medium skill level | High skill | Total 2 P

Vs skill | level value
Level

Level

Low 21(11%) 18(9.5%) 16(8.4%) | 55(28.9%) | 14.6 | 0.006

knowledge

level

Medium 27(14.2%) 60(31.6%) 44(23.2%) | 131(68.9%)

knowledge

level

High 0(0%) 0(0%) 4(2.1%) 4(2%)

knowledge

level

Total 48(25.3%) 78(41%) 64(33.7%) | 190
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6. Discussion
This study may be the first to assess competence of Medical Laboratory Professionals on gram

stain examination and interpretation using both knowledge and skill tests. Although, no similar
studies were published to compare our findings, we found that most of the study participants
were working without supervision 139(73.2%) and refreshers training 162(85.7%) on gram stain
examination and interpretation. However, according to CLIA’88, Medical Laboratory
Professionals must be assessed for competence semiannually during the first year of employment
and annually thereafter (15). The study also showed that the majority of study participants
123(65.4%) had access health information resources and most of the respondents 102(68%) used
these health information resources sometimes while also 22(14.7%) of the respondents never
used health information resources. Further, our results showed that competence of Medical
Laboratory Professionals on gram stain examination and interpretation lacks attention from
responsible bodies. A survey study conducted in Canada by Desjardins M et al., also indicated
that the most common competency issue requiring remediation was associated with gram

staining and interpretation (22).

In the study, we used both knowledge and skill tests to assess competence of medical laboratory
professionals on gram stain examination and interpretation. For the 15 theory knowledge test
questions administered to the participants, the minimum and maximum score results were
3(20%) and 13(86.7%) respectively. Of the total 190 participants, 55(28.9%), 131(68.9%) and
4(2.1%) participants scored with low, medium and high knowledge level respectively. Thus, this
finding revealed that participants with high knowledge level were very few. This may be due to
lack of supervision and training. However, a study in the U.S., using computer based gram stain
competency assessment on 278 study subjects reported that owverall users correctly identified
approximately 90% of the gram stain items (16). This may be due to appropriate supervision,

training and access to advanced laboratory setting (1).

We found that education level, super vision and training on gram stain had statistically
significant association with knowledge level of study participants. From all study participants
with high knowledge level, 3(75%) of them had masters’ level and one (25%) had first degree
level educational status. Respondents with diploma education level had no high knowledge level.

Participants who were supervised had high knowledge level and all participants with high
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knowledge level had supervision. However, participants working without supervision had no
high knowledge level. From study respondents with low knowledge level, most of the
respondents (74.6%) with low knowledge level were those who had no supervision. From all
study participant 21.6% participants were who had no supervision and low knowledge level.
Generally, the study showed that education level and supervision have an impact on gram stain

knowledge level of medical laboratory professionals.

In our study, from all high knowledge level participants, majority 4(75%) were participants who
had training on gram stain while from all participants with low knowledge level, most of them
49(89.1%)were who had no training on gram stain. From all study participants 49(25.9%) were
participants with no training on gram stain and low knowledge level. In spite of, most of
participants are working without training; we found that training had an impact on gram stain
knowledge level of study participants. However, in this study training had not affect skill level of
the study participants. A previous study in the U.S., reported that training and in-service
education was correlated with skill of medical laboratory professionals on interpretation of gram-
stained smears. It showed that those who had training had high level skill level compared with
those who had no training on gram stain interpretation (26). The difference with the U.S. study
may due to different factors that affect knowledge and skill level of Medical Laboratory
Professionals on gram stain interpretation. Moreover, our panels of slides are live true slides

unlike the U.S one which could have its own impact on the difference.

The study indicated that, from all 190 participants, high and low score for skill was 6(100%) and
0(0%) from all 6 skill tests. About 48(25.3%), 78(41%) and 64(33.7%) participants scored low,
medium and high skill level from all 190 participants respectively. The result showed that
hospital type, microscope type and health information resources availability affects skill level of
participants on gram stain interpretation. In this study, subjects from uniformed hospitals had
high skill on gram stain examination and interpretation. From all participants with low skill, most
of the respondents 43(89.6%) were found from government hospitals and also from all subjects
with medium skill most 52 (70.3%) of them were from government hospitals. In our study, skill
level of the study participants was different in different sites and statistically significantly
associated with type of hospitals. Similarly, a study conducted in the U.S. indicated that gram

stain error rate were varied significantly based on sites (33).
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Although related literature was not accessed, we found also that participants who used
microscope type Labomad and Ecoline had no low skill on gram stain examination and
interpretation. However, participants used Tensido microscope had no high skill on gram stain
examination and interpretation. This significant association of skill level of participants and
microscope type showed that microscope type can affect gram stain examination and
interpretation and mislead for incorrect interpretation of the result. However, it is difficult to
comment on the true quality or functionality of any of the microscope used by participant

laboratory personnel.

Most of respondents of our study had access for health information resources and most of them
scored medium and high skill level on gram stain examination and interpretation. Furthermore
the, majority of those who had no access of health information resources on gram stain scored
low and medium skill level on gram stain examination and interpretation. Our results also
indicated that health information resources availability can improve the skill of medical
laboratory professionals on gram stain examination and interpretation. However, if the health
information resources are not available, it leads to low skill on gram stain examination and

interpretation.

In our study, from all 1140 observations for skill of medical laboratory professionals on gram
stain examination and interpretation, we found, 44 observations (4%) with major errors and 321
observations (28%) with very major errors. Of all observations, 321(28.2%) reported without
grading, 39 (3.4%) reported gram positive bacteria as gram negative bacteria and 15(1.4%)
reported gram negative bacteria as gram positive bacteria. One hundred forty eight observations
(12.9%) also reported without grading with gram positive bacteria reported as gram negative
bacteria while 43 observations (3.7%) reported without grading with gram negative bacteria
reported as gram positive bacteria. Similarly in Ethiopia a study conducted on 12 hospital
laboratories participated on the national PT program from 6 cycles of 2012 and 2013 G.C., Gram
stain had high PT failure rates from 20 test parameters. For this study Gram stain failure rate
were 88.9% (34). However, a study done in U.S., from 5,885 observations read as gram-positive
cocci, 6 (0.1%) had only gram-negative organisms by culture and from 1,959 read as gram-
negative bacilli, 25 (1.3%) had only gram positive organisms by culture (27). Lack of proper

Gram stain examination and interpretation could lead clinicians to misdiagnose and mistreat
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patients, which could cause drug resistance, resource-wastage, and suffering and death of
patients (16, 17, 27).

All in all to the best of our knowledge, we did not find similar type of study tools and methods to
compare and contrast our findings. Thus, such kind of studies is required across the world in
order to assess the competency of laboratory professionals and design continuous professional
development. Having competency assessment definitely improve the quality of the laboratory

services provided using gram staining methods.
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7. Limitation

Although this study was the first of its kind to be conducted, it had a number of weaknesses.

1. From six stained panel slides, 5 stained slide types prepared from ATCC known bacterial
strain and one slide type from patient sample. Because of ATCC strain was not available, from
five stained panel slide types prepared from ATCC, only one stained slide was from Gram

negative bacterial strain.
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8. Conclusion
Based on the findings of this study, the following conclusions can be drawn:

Education level, supervision and training may negatively affect knowledge level of medical
laboratory professionals on gram stain examination and interpretation. Most of study participants
were working without supervision and training on gram stain. Medical laboratory professionals
working without supervision and training had low knowledge level on gram stain examination
and interpretation and this could be affecting their skill level on examination and interpretation

of gram stain.

Hospital type, microscope type and availability of health information resources may affect skill
of medical laboratory professionals. Medical laboratory professionals working in uniformed
hospitals had high skill level and those working with some type of microscope had no high skill
level on gram stain examination and interpretation. The study participants who had access to

health information had improved skill level on gram stain examination and interpretation.

Knowledge level was found to be associated with skill level of medical laboratory professionals
on gram stain examination and interpretation. Participants who had high knowledge can have

high skill on gram stain examination and interpretation.

Most of study participant medical laboratory professionals were not including grading level
when reporting gram stain result. There was also misinterpretation of gram stain result; including
major error, very major error , reporting gram positive bacteria as gram negative bacteria and
gram negative bacteria as gram positive bacteria. This type of lack of proper Gram stain
examination and interpretation could lead to misdiagnosis and mistreatment of patients by
clinicians, which could cause drug resistance, resource-wastage, and suffering and death of

patients.
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9. Recommendation

>

Practice focused training is needed to reduce error rate of gram stain examination and
interpretation and to improve knowledge and skill level of medical Ilaboratory
professionals on gram stain examination and interpretation.

Supervision by regional or federal institutions and stakeholders’ is necessary to improve
knowledge and skill of medical laboratory professionals on gram stain examination and
interpretation.

Improving and encouraging access to health information resources is important to
improve knowledge and skill level on gram stain examination and interpretation.
Equipping laboratories with appropriate microscope type used for gram stain examination
and interpretation may improve the examination and interpretation. It should be
purchased with care for its power and quality.

It is necessary to conduct nationwide study about Medical Laboratory Professionals
competence assessment on gram stain examination and interpretation.

Guidelines of competence assessment on Gram stain examination and interpretation has

to be prepared by the responsible authorities
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11. Annexes

Annex I: Information Sheet (English Version)

Title of the project: Medical Laboratory Professionals Competency Assessment on Gram stain
Examination and Interpretation in Hospitals in Addis Ababa, Ethiopia

Name of Principal Investigator: Adugna Tsehay
Organization: Addis Ababa University
Name of sponsor: Armauer Hansen Research institute

This information sheet was prepared for Medical laboratory professionals who will be involved
in project entitled above. 1 will tell them about the whole processes that have been undertaken in

the study and requesting them to participate voluntarily.
Description and Purpose of the study

The Gram stain is a classic biological protocol that is still actively used to differentiate bacteria
into two possible classifications: Gram-positive cells, in which the stain is primary retained and
Gram-negative cells, in which the primary stain is lost. Gram stain is one of the most frequently
performed laboratory diagnostic procedures. Gram stain interpretation gives immediate
information regarding the presence or absence of bacterial infection and morphotypes of bacteria
involved in infection. This can be ground for hospitalization and initiation of treatment and also
initial choice of antibiotic therapy. However, the competency of medical laboratory professionals
is not well known in this study area. Therefore, this study was designed to determine the
competency of medical laboratory professionals on Gram stain examination and interpretation in
Hospitals in Addis Ababa. This study will be identified lower competency and associated factors
of medical laboratory professionals on Gram stain examination and interpretation and provide
scientific evidence to responsible bodies for continues professional development.

Procedures

In order to undertake the above-mentioned study, theoretical examination questions related with
the topic; socio demographic characteristics, six Gram stained panel slides examination and

interpretation will be taken from each study participants for analysis. Written consent wills
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obtain from each study participants and they will be kindly asked to give required information
related with the study. The analysis of the data will be done by principal investigator.

Time Allowed: You should grade and interpret one slide within five minutes. You will be also
provided 15 structured knowledge questions and background questionnaires to be answered and
filled within 20 minutes.

Risks and discomforts: There will have not any possible risks during examination and
interpretation of panel slides and answering of exam questions. It might be a possibility of
discomfort during examination and interpretation of panel slides and answering of exam
questions. Please feel free to ask which is not comfortable to you.

Benefits and Compensation: Participants in this study will be paid 50 birr for lunch.

Confidentiality: The information obtained during this study will be remained confidential.
Disclosure of any of the data to third parties other than those allowed in the informed consent
will not permit. Records will remain confidential. To maintain confidentiality, the investigator
will keep records in locked cabinets and the results will be coded to prevent identification of the

volunteers. However, you can find out the competence results of your own.

Right to refuse or withdraw: | assure them that, they will be free to withdraw from the study at

any time and that they will be not discriminated in any form for education or other services.

Whom to Contact: The following contact addresses will be given to contact investigators at any time.

Name of investigator: AdugnaTsehay Phone No: 251929135819

Email: delmemorise @yahoo.com

Department of Medical Laboratory Sciences, CHS, AAU, Tel. 0112 7551 70

Sponsor Address: AHRI Ethics Review Committee Tel. 0113481289
Name of advisors: KassuDesta (BSc, MSc, PhD Candidate, AAU)
AdaneMihret (DVM,MSc,PhD, Armauer Hansen Research Institute

Co-advisors;HelmnehSineshaw (MD, MPH, Director, Treatment Patterns and Outcomes
Research, American  Cancer Society’s)

KirubelEshetu (BSc, MSc, Regional Operations Director, International Clinical
Laboratories)

AddisuGize(BSc, MSc, Immunologist, St Paul’s Hospital Millennium Medical College)
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Annex II: Informed Consent form (English Version)
I am informed fully in the language | understand about the aim of above mentioned research. I

understood the purpose of the study entitled with ‘“Medical laboratory professional competency
assessment on Gram stain examination and interpretation in Hospitals in Addis Ababa,
Ethiopia”. | have been informed that | will be done examination and interpretation of gram stain
and also written examination. In addition | have been told all the information collected
throughout the research process will be kept confidential. | understood my current and future
medical services and others will not be affected if | refused to participate or with draw from the

study.
Agree Not agree

Therefore | give my consent freely for my participation in this study.
Code of participant:

Signature: Date

Name of researcher:; Signature:

Date
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Annex III: Background Questionnaire
1. Participant Code--------------=-=m-mmmmmeem -

AQE: —--mm e e e
Sex:Male [_1 Female ]
2. Hospital Code -------==m-mmmmmemm oo e oo e e e
3. Hospital type:
Government ] Private " med ]
4. Where did you study your higher Education?
Government College ]  University College [ University ]
Private College [ University College  [_] University L1

5. Type and condition Of MiCroSCOPE--=-==============mtem e e oo e e e

6. Qualification of medical laboratory professional

Masters [__] First Degree [ ] Diploma [ Certificate [ ]

7. Service year of medical laboratory professional ----------------mmmmomm oo

8. Employment status (i.e. full-time or part-time) -----------====--=mmmomm oo

9. Shift (day, night, etC.) -----=====mmmmmm

10. Where do you work now (In which SECtION)? ---==- === =mm omm e o oo e e e
11. Your service year in bacteriology laboratory or section---------=====-==m=m-mmmmmem oo

12. Have you ever been supervised by regional or national laboratories about competence of

examination and interpretation of gram stain?

Yes[ ] No[ ]
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13. Did you have any training about gram stain technique?

Yes ] No ]

14. Are there health information resources available in your work area or nearby? (For gram

staining technique)
Yes [ ] No[ ]

If your answer is yes, which one is available circle it.

A. books

B. Internet

C. journals

D. Guidelines
Others SPeCify-----== == mmmmm e e e o e e e e
15. How much times you use these health information resources?

A. Always  B.sometimes C. Never
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Annex IV: Media preparation for blood agar
Purpose: Blood agar is blood agar base Il enriched with 5-10 % sheep blood. Blood agar is used

for isolation and cultivation of many types of fastidious bacteria. It is also used to differentiate
bacteria based on their hemolytic characteristics, especially within the genera Streptococcus,
Enterococcus, and Aerococcus. It is appropriate for culturing almost all specimens for

bacteriology.

Principle:  Several species of Gram-positive cocci produce exotoxins called hemolysins able to

destroy red blood cells (RBCs) and hemoglobin. Blood agar, which is a mixture of tryptic soy

agar and sheep blood, allows differentiation of bacteria based on their ability to hemolyze RBCs.
Procedure

1. Add 40 gm Blood agar powder in 1000 ml of distilled water

3. Heat until completely dissolved on the water boil

4. Autoclave at 121 ¢® for 15 minutes

6. Cool until 45-50 ¢°

7 Aseptically add sheep blood 5% (7%) and mix well

8. Dispense 15-20 ml of the ready media on to the petridish

9. Wait until solidify or Dry

10. Check sterility at 37¢® incubators for 24 hours with positive control

11. Inoculate or subculture

12. Check growth within 24 -48 hours
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Annex V: Gram stain smear preparation procedure

1. Labeling slides: - Every slide must be labeled clearly with codes by a lead pencil
2. Smears should be spread evenly covering an area of about 15-20 mm diameter on a slide.

3. After making a smear, leave the slide in a safe place for the smear to air-dry, protected from
dust, flies, cockroaches, ants, and direct sunlight.

4. To fix the smear, rapidly pass the slide; smear uppermost, three times through the flame of a
spirit lamp or pilot flame of a Bunsen burner.

5. Allow the smear to cool before staining it.

Note: this study used five slides prepared from known bacterial strains (ATCC) and one slide
prepared from patient sample. The ATCC was first took from Deep freezer and allow to room
temperature in the hood. Then it was subculture on blood agar and after 24 hours, the smear was
done from growth culture. To get different grading smear, there was serial dilution by normal
saline. To prepare slide smear with few number of bacteria by using 0.5 ul loop, one loopful
colony can emulsify with 2000 and more ul of normal saline, for moderate: 1000-2000ul of
normal saline with one loopful colony and to prepare slide with many number of bacteria; less
that 1000 ul of normal saline with one loopful colony( using 0.5 ul loop). But it may differ based
on the growth of the colony. Slides coded as GSS (Gram Stain Slide) 001, GSS002, GSS003,
GSS004, GSS005 and GSS006. GSSO1 slides prepared from S.aurous, GSS002 slides prepared
from S.pyogen, GSS003 slides prepared from L.monocytogen, GSS004 slides prepared from S,
pneumonia and GSSO005 slides prepared from N. gonoreau ATTC. GSS006 prepared from pus

patient sample with no microorganism and many pus cells.
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Annex VI: Gram Stain Procedure
1. Fix the dried smear.

Note: When the smear is for the detection of gonococci or meningococcal, it should be fixed
With methanol for 2 minutes (avoids damaging pus cells).

2 Cover the fixed smear with crystal violet stain for 30—-60 seconds.

3 Rapidly wash off the stain with clean water.

Note: When the tap water is not clean, use filtered water or clean boiled rainwater.

4 Tip of all the water, and cover the smear with Gram’s iodine for 30—60 seconds.

5 Wash off the iodine with clean water.

6. Decolorize rapidly (few seconds) with acetone—alcohol. Wash immediately with clean water.

Caution: Acetone—alcohol is highly flammable therefore use it well away from an open flame.

7. Cover the smear with Safranin for 30 sec to 1 min.

8. Wash off the stain with clean water.

9. Wipe the back of the slide clean, and place it in a draining rack for the smear to air-dry.

10 Examine the smear microscopically, first with the 40 x objective to check the staining and to

See the distribution of material, and then with the oil immersion objective to report the bacteria

and cells.
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Annex VII: Gram stained panel slides result report form

Participant code:

To be filled by Laboratory personnel

To be filled by Principal Investigator

Slide

number

Result

Expected Result Error type

Remark

GSS-01

GSS-02

GSS-03

GSS-04

GSS-05

GSS-06
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Annex VIII: Competence assessment for theoretical bases in Gram staining
for medical laboratory professionals working in Addis Ababa Hospitals, Addis
Ababa, Ethiopia

1. Gram stain is a:

a) Simple stain  b) Differential stain  c) Special stains D. All
2. Using gram staining method, Gram positive organisms appear:
a) Pink. b) Violet c) Orange D) None

3. Using gram staining method, Gram negative organisms appear:
a) Pink. b) Violet. c) Orange. D) None

4. Organisms which are decolorized by Acetone alcohol & stained by the color of the counter
stain are called:

a) Gram positive b) Gram negative ¢)Acid fast. D. Aand B

5. Organisms which resist decolourization & retain the color of the primary stain (Crystal violet)

are called:
a) Gram positive b) Gram negative ¢) Alcohol fast D. All
6. The counter stain in Gram stain is:
a) Crystal violet b) Safranin.  c) Concentrated carbol fuchsin  D. All E. None
7. Decolourization in Gram stain is done by:
a) Acetone Alcohol. b) Acid alcohol ¢) Safranin. D. None
8. All cocci are Gram positive except:
a) Staphylococci. b) Neisseria. c) Streptococci. D. Streptococcus pneumoniae

9. The different reaction to Gram stain is due to the following except:
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a) Thicker peptidoglycan layer in Gram negative bacteria.

b) Protoplasm of Gram positive bacteria is strong acidic.

c) Permeability in Gram positive bacteria is less than in Gram negative bacteria.
D. Al

10. Which of the following is true about structure of Gram positive cell wall?
a) Is composed of thick peptidoglycan layer

b) periplasmic space is absent

¢) Include significant amount of teichoic and lipoteichoic acids

d) All of the above

11. Which of the following is true about structure of gram negative cell wall?
a) Thick peptidoglycan layer

b) periplasmic space is absent

¢) Include outer membrane

d) All of the above

12. Gram’s staining consists of:

a) 2 stages b) 4 stages ) 3 stages d) 5 stages

13. The purpose of iodine in gram staining methods is:

a) Decolonization b) Fixative (mordant) c¢) Counter stain d) Primary stain
None of above

14. The gram stain

a) Classifies bacteria according to the structure of the cell envelope.
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b) Is an alternative to the acid-fast stain; a positive reaction for each stain will mean the
same thing.

c) Gives the best results when an old culture (grown 2 or more days) is used.

d) should be performed on an extremely thick smear, such that the gram reaction can be

seen by the naked eye
15. “Gram-variability”

a) Is a term which can be used where two gram reactions are seen due to an error in the

staining procedure?

b) Applies to an organism which changes its cell wall structure from the gram-positive type

to the gram-negative type asthe culture ages.

c) Applies to what is ultimately seen when cells in a culture of gram-positive bacteria lose the

ability to retain the primary stain during the decolorization process

D) Indicates a mixed (i.e., impure) culture.
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AN¢(Annex) IX : POZ°I°'1 TP A (Consent form) PATICE @-P 8. (Amharic version)

ao-(\-  Aoo-f- (19°L45@ €% hd NAe Adtoodn @ TGIE 0e- AN
aolBPTF FATFEN: CAle “Dhgh ANl AeXe 0717F POT3aF 00T
P0G PUAICG ANC-PS MAGo-CPTF (174-9° AlvELT 9°Covd- hS TCHA7E AL
PAT® NPT aoool?  CHENTIOT TG T WA FLEEPAV:: 9°Covd- WS
P24-9° AOELT TCATVT RILTILLT T1IICEN A8V PAUG I°Cavl-9°
ATRILLLT  FIICEN (EeT149C TG YLk @OT  Noo-p PAHOANAN
aolBDTY U TLATER oo A2L71mNE 10T POPE WS POLeT
PURICS  AMNINFT DTS E NN @L9° AvAHe AR 0RTLT RS
AL LCNNVT - HL&FAy- ::

ANTT1U1AU- __ hAONTPC

NAILY (LY TS T AL AZLAFE WA G287 ATFAY-:
P tagém h&

&HCY: R

Ptool-T16@m 097 6C1 :

R
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ANZ( Annex)X: Yool B (Information Sheet) Pa%1CE @ +E.(Amharic
Version)

eTCERE Chh : Nas%0 AN AFeSP N°LTT POTH0T o-0T P910<
PVNICG ANL-PS MAao-CPT (194-9° ANELT 9°Covéd- hS TCAD AL PAT®-
NP1 avaol?

PPYE ool N9 WST 018
+£9° : h/O AN RLOCHEL

PAN 10 09 ACTIOC 10T SOCT hF0tteit

LY CavPlB PR h& NA Chh ONFovAbnt@- TCEERT 0T A4 ALY
PN avG  ANGFS NAeo-C2F  CHHDE 1@ 0T SPLATT ATESNT 4
NeomfP AG 0TSk AAThSOI® oA UL T PI°T194-TU LPSA::

aoAm, AS PTGE hAAT

24-9° O0ERT ke LT NU-AT AFAT AovALe T AU-79° e +sE Ut N+
TPI® AL APPA £A hALL 18AShA AWLE 1@ 94-9° - THEN AN
+A° NPIETE ALHAIT® PoU4L8 AWPT 949° vibAl AT PIE PA°IT@
PMmé GTm:: 949° 0ELT A% 0FLD29 U POLASDT PANCGTS
g°Cavd- $LI° Firt 1@ P90 0L FCAYL Pankéf kAT aoSC
LI ANaoS’C N tovAnt A OMROANT 181 AL +AJ4 eV Panksf 9°Ch
F2TOh AL LM77 PP oolE7 LOMA: L19° L POTHA M-+P Agog-ho
AG VAYPS A%INCaeC AL oo\l PS ALINTAN POLTA AT AT8.U-9°
Parl: OP-kh vAgCGT Pooih °Cem, AT LTAAN: GUNT AG NHY PTG
ahaMN, fvnges ANEE NAoo-CPF NP+ 1910 aL3@P9°:: QALY LV
TS+ 0AGN AN N°L7TF  PATHAT 0T 907 Puhges A NE-R4
NAao-PPF N4 OERLT 9°Covd- hS TCAL 9°Cavd- AL PAT@F NP+
NAao N7 P984, 1@+

Phh'Le: $L9° +htiTF

e Nae Phooant@7 TST A°IMS®7 hCah 2C 4385 ePr ehon'
PI°Cavd- TLLPTT ANBI°YL-bn NWELLEETE QA 6 TrA ANALE 9°Coand-
AG TCA°% A9°Cavéd- haf187158% PTG +HAFLPT P2U0e LIPSA: PAUR
Ng°9° 1 hafI818% PTGkt +AFELLT +ong +No? hPSE IC oIS
gl BT AIBOM LMPPA:: PovlBm TS NANG T Favld-ola- PONLL7
LIPGA::
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ALIPTF AG TU8CHTF : N9°Covéd-0 ®P T AS 0T ANALLE -TIN¢-
OP T AI8UI° PI°Covld- TLEPE oo NTLONT@- @P 1 9°19° L1
hEILPT LI TI5CTT P7185¢ LUPGA::

TPo1 TPPT AG WAPTF : (v TST AL +HAZé PPr A4 50 NC
POLNEAT@ LS 2 FFa149° OTGE V7 oo0lt N7.eoAhd T hhA-T
NAs-HTF AL NAMS P7L.00% LUPSA ::

ONTER1E 2 Y TS 0P CTTH  oolBPT TLNTER AP
LPTAA:: oolB DEOAMOE AT @0T WA APLAT®  AhAT OhEPC
ATISTO®9° NS 15T ovlB R4 T1LLT WLAS LI LhCAT TLNTEP
AP SPTAN:: TNTECrET AaomP  Favld-o1e@ LNCLET N71HA4-
afCLLSPT ONT PULLNLT N W7 O-MATI° 0T S PLET avhf-T
AR TN Ohe AT GLLIVEPA:: PoUt@. oo 0FF:  AARICH hTGk
N5 @wov LR oo@ N AILTLTA 121TE ATSATO AU ATICUCT
DMLI° AMA WIATAPT avIAN ATRTILLAVT D Wl DV ATPAY-::

Yy TP AN PUntAE CUTERYE ALEART NFE®-9° LN
+avd- 9L PTT T ATBTAN 0T LA

Phavd- TS PF 09 WET 018 Phan ¢TC: 09 29 1358 19
n71240 : delmemorise @yahoo.com

Pacthim- 09° : hde 202 (LAOOE APhOO: ThT8 hes: AhR)

hBY VLT ( ALY TARON PThATA I ACTIOC 1707 P9°CI°C +£9°)

VAV OFA@- (A9°AF hP°ThT: A260TCE PVNIS AW AT o-mt
°CI°C: PA7L6h hIONC “TVNL0N)

e Ak (MLAa0MT AA0AE CH0T7rE AS PTé T °HS Né- hOh PR
AN A+e PhALhA ANE140)
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Title of Project: Competency Assessment on Gram stain Examination and Interpretation among

Medical Laboratory Professionals working in selected Hospitals of Addis Ababa, Ethiopia

I, the undersigned, declare that this MSc research project is my original work. It has not been
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