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Editorial 
 

Advancing the Laboratory Profession!  
 

 

 
 

The laboratory science profession has struggled for decades with 
defining the value of the laboratory along with advancing the 
profession in health care. This past year, the Centers for 
Medicare and Medicaid Services in the United States (US) made 
significant changes to the Clinical Laboratory Improvement 
Amendments (CLIA). The ruling covers several major points.  
1) Changed the definition of the traditional continuing medical 
education (CME) credits to include other opportunities for 
continuing education. This supports the role of others outside of 
medical doctors serving as laboratory directors. 2) Removed 
physical science as a qualifying degree for laboratory science. 3) 
Strengthened the language regarding those qualified to perform 

moderate and high complexity laboratory testing. 4) Removed nursing as a degree to qualify for 
a laboratory director under § 493.1405(b). 5) Support the standardization in nomenclature 
within the United States for baccalaureate degree professionals as medical laboratory 
scientists. 6) Supported and confirmed that the Doctor of Clinical Laboratory Scientist (DCLS) is 
a qualifying degree for a high complexity laboratory director (HCLD) provided they have the 
requisite experience and past a certification exam. These are all major milestones that will 
elevate the laboratory profession within the US health system.  

Let’s look at the DCLS a little closer. The DCLS is a clinical professional doctoral program 
designed to prepare graduate laboratory professionals with prior clinical training for advanced 
clinical practice and teaching careers in medical laboratory science. “The DCLS increases 
diagnostic efficiency, facilitates patient management outcomes, and improves timely access to 
accurate and appropriate laboratory information by participating directly in patient care 
decisions, monitoring laboratory utilization, and conducting research on the diagnostic pro-
cess.” Individuals with a DCLS are experts in clinical laboratory testing. The DCLS contributes 
to increasing laboratory efficiency, improves timely access to accurate and appropriate 
laboratory information through appropriate test selection and interpretation of test results; 
monitoring laboratory data and testing processes, and directs laboratory operations to comply 
with all state and Federal laws and regulations. A DCLS plays a critical role in ensuring high 
quality, appropriate patient care by overseeing the clinical, scientific and related operational 
aspects of the diagnostic laboratory. The scope of laboratories has become increasingly complex 
requiring an HCLD to have a combination of technical and medical knowledge related to 
laboratory methods and the limitations to ensure quality and accuracy of laboratory results. 
The advancement of the laboratory profession will continue to grow with the increasing demand 
for a higher level of knowledge and practitioners. It is also important to acknowledge that we 
have multiple masters level practitioners and Doctor of Philosophy (Ph.D.) professionals that 
have been working throughout the field of laboratory science for many decades. The DCLS does 
not replace the expertise and value provided by those professionals, it expands and strengthens 
the professional expertise across all clinically relevant fields. Now is the time for the laboratory 
profession to continue to grow and for others in health care and the public to understand the 
significant role laboratory plays in their daily care! 

  Patricia Tille Ph.D. MLS(ASCP) AHI(AMT) FACSc 

Patricia Tille Ph.D MLS(ASCP) AHI (AMT) FASCs 
IJBLS Editor in Chief 
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Research article 
 

Generation of a Diagnostic Algorithm that Utilizes ESR and CRP Values in 
the Detection of Osteomyelitis in Patients with Comorbidities 

 
Mindy Manek1, Vicki S. Freeman1, Jose H. Salazar1, Juan U. Rojo1* 

 
1 Department of Clinical Laboratory Sciences, School of Health Professions, University of Texas Medical 

Branch, Galveston, Texas, USA  
 

Background: Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) 
tests are routinely ordered for differentiating osteomyelitis from cellulitis. 
However, ESR and CRP values are often overlooked and clinical decisions for 
diagnosis and treatment of osteomyelitis are primarily based on results of imaging 
exams. Furthermore, current clinical guidelines do not recommend the use of ESR 
and CRP as markers for osteomyelitis. Nonetheless, ESR and CRP continue being 
incorporated in the panel of tests ordered in patients suspected of having 
osteomyelitis. This practice leads to overutilization and unnecessary testing which 
can delay proper diagnosis and treatment. In an effort to reduce unnecessary 
ordering of ESR and CRP tests by providing evidence-based guidelines, this study 
identified a patient population for which ESR and CRP laboratory values may be 
clinically significant in detecting osteomyelitis. 
Methods: A retrospective study from medical records of patients diagnosed with 
cellulitis and osteomyelitis was completed. Laboratory values of white blood cell 
(WBC) count, ESR, and CRP were compared between patients presenting with 
comorbidities and without comorbidities. Optimal cutoff values for ESR and CRP 
were identified, and a diagnostic algorithm was generated. A second population 
was utilized to test the performance of the algorithm in differentiating 
osteomyelitis from cellulitis by utilizing ESR and CRP test results.  
Results: WBC, ESR and CRP did not provide clinically significant results to identify 
osteomyelitis in the total patient cohort. However, when grouping patients based 
on the presence or absence of comorbidities, a cutoff value of > 90 mm/hr for ESR 
and a value of >10.0 mg/dL for CRP was statistically significant only in the group of 
patients with comorbidities. Based on the established cutoffs, a diagnostic 
algorithm was generated which, when tested, demonstrated the ability to correctly 
identify 97.1% of test patients with a diagnosis of osteomyelitis.  
Conclusion: The results provide guidelines for the possible better utilization of ESR 
and CRP when evaluating patients suspected of osteomyelitis. This study suggests 
the use of a diagnostic algorithm to effectively utilize ESR and CRP test results in 
a population where the values were demonstrated to be clinically significant.  
 
Keywords: ESR, CRP, diagnostic algorithm, comorbidities, osteomyelitis, and 
cellulitis 

______________________________________________________________________________________ 

Accepted: December 10, 2023 
*Corresponding author: Juan U. Rojo. E-mail: jurojo@utmb.edu.  
Tel: 1+(409)772-9476; 301 University Blvd., Galveston, TX, 77555-0128, USA. 
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Introduction 
Accurate and timely diagnosis of osteomyelitis 
is critical as bone infections are associated 
with surgeries, amputations, extended 
exposure to antibiotics, gastrointestinal 
complications, and acute kidney injury.1 If 
osteomyelitis is not properly diagnosed and 
differentiated from cellulitis, the infection can 
spread to other parts of the body hence 
increasing the risk for amputation and septic 
shock. While the optimal procedure to 
diagnose osteomyelitis is with bone biopsy 
results, the practice is not routinely performed 
due to the invasive nature of the procedure.2,3 
Instead, less invasive methods such as imaging 
exams, WBC count, ESR, and CRP are the 
preferred tests for the diagnosis of 
osteomyelitis.4,5 However, WBC count, ESR, 
and CRP are not specific markers for osteo-
myelitis as they assess overall inflammation 
regardless of cause.6–10 Moreover, recommend-
dations by the Infectious Disease Society of 
America (IDSA) do not include ESR and CRP 
testing when evaluating patients for osteo-
myelitis, rather, the 2012 IDSA Clinical 
Practice Guidelines suggest the diagnosis of 
osteomyelitis should be determined by clinical 
examination and imaging studies.11  

Despite the IDSA recommendations, ESR 
and CRP continue being part of the routine 
testing in the evaluation of patients suspected 
with osteomyelitis.12 And, often times, 
regardless of ESR and CRP values, diagnost-
icians rely on advanced imaging techniques 
such as computed tomography (CT) and magn-
etic resonance imaging (MRI) studies when 
there is a high index of suspicion for 
osteomyelitis.1 Thus, it is important to reassess 
the diagnostic utility of ESR and CRP when the 
values are often overlooked and higher 
diagnostic utility is applied to imaging 
reports.12,13  

The practice of discontinuing the use of ESR 
and CRP for the diagnosis of osteomyelitis may 
not be immediately possible. Thus, better 
guidelines can be implemented to improve the 
clinical utility and continued use when appro-
priate. Several studies identified ESR and CRP 

to be of diagnostic utility in diagnosing 
osteomyelitis of the foot in patients with 
diabetes.1,14,15 The variability of ESR and CRP 
levels observed may be due to the presence of 
comorbidities or due to other non-infectious 
inflammatory conditions.16 Most studies that 
have evaluated the clinical significance of ESR 
and CRP have primarily focused on patients 
with diabetes. Hence, further studies that 
consider other types of comorbidities are 
needed to better understand how predisposing 
conditions may have an impact on the clinical 
value of ESR and CRP tests.  

The purpose of this study was to evaluate 
the diagnostic utility of ESR and CRP to detect 
osteomyelitis and determine if there are 
differences in patient populations that could 
benefit from the use of the tests. This study is 
a retrospective analysis of laboratory values 
from patients diagnosed with cellulitis or 
osteomyelitis at an academic teaching hosp-
ital. ESR and CRP cutoff values to distinguish 
osteomyelitis from cellulitis in patients with 
and without comorbidities were established to 
generate a diagnostic algorithm. Then, a 
second population was utilized to test the 
accuracy of the algorithm in identifying 
patients with osteomyelitis. It is intended that 
having clear ESR and CRP cutoff values, along 
with a decision tree, can be an effective 
method to evaluate patients suspected of 
osteomyelitis. 

 

Methodology 
After obtaining IRB approval (IRB# 23-0013), a 
non-experimental, quantitative, retrospect-
tive, non-blinded study was performed using 
EPIC to retrieve medical records of patients 
diagnosed with cellulitis (ICD-10 L03) or 
osteomyelitis (ICD-10 M86) from January 1, 
2018, to December 31, 2022, admitted at an 
800-bed academic hospital. Demographic data 
of age, sex, and race/ethnicity were included 
to assess relationship on outcome measures. 
Laboratory values included in the analysis 
comprised of WBC count, CRP, and ESR values 
obtained within 72 hours of hospital admission. 
Comorbidities were defined as patients 
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presenting with a current or previous diagnosis 
of cardiac disease (ICD-10 151.9), peripheral 
vascular disease (ICD-10 173.9), diabetes 
mellitus (ICD-10 E08), and/or chronic 
inflammatory disease (ICD-10 G61; K50; K51; 
J44). Pregnant patients, patients with history 
of immunosuppressive therapy, autoimmune 
diseases and immunodeficiencies were exclu-
ded as well as patients who did not have an ESR 
or CRP test performed within 72 hours of 
admission. Test results for high-sensitivity CRP 
(hs-CRP) were not included in this study.  

A priori power analysis and review of 
previous research was used to determine the 
appropriate sample size. A two-tailed test with 
a type I error set at α = 0.05 and a power of 
0.95 using t test in G*Power software 
estimated a priori sample size of 54 partici-
pants for the generation of the algorithm. 
Contingency tables were created to organize 
statistical variables that included comparison 
of factors between patients with cellulitis and 
with osteomyelitis as well as reliability of WBC, 
ESR, and CRP for identifying osteomyelitis. 
Patient demographics and comorbidities were 
analyzed using Student’s t test and Mann-

Whitney U test for continuous variables; x2 test 
for homogeneity and Fisher exact test for 
categorical variables. Receiver operating cha-
racteristic (ROC) curve analysis and descriptive 
statistical analysis were used to determine the 
performance of WBC, ESR, and CRP tests. 
Optimal cutoff values were established using 
maximum Youden’s value for WBC, ESR, and 
CRP in detecting osteomyelitis. Cohen’s d test 
was utilized to convert the ROC area under the 
curve (AUC) value to measure the effect 
size.17–19 A p-value of ≤0.05 was used to 
determine the statical significance of the data 
analyzed.  

 

Results 
Establishing the optimal cutoff values for 
WBC, ESR and CRP 
Data from medical records of patients diag-
nosed with cellulitis or osteomyelitis from 
January 1, 2018, through June 30, 2022, was 
used as a data subset to establish optimal 
cutoff values for WBC, ESR and CRP. A total of 
264 patients were identified out of which 127 
had a diagnosis of cellulitis and 137 of 
osteomyelitis (Table 1).  

Table 1. Comparison of factors between patients with cellulitis or osteomyelitis. Descriptive statistics were used to calculate 
frequencies, median values and IQR between 25th and 75th quartiles. Sex, race/ethnicity, and comorbidities are presented 
for n and percentage of specified group. Percentages are displayed in parentheses. IQR = interquartile range, WBC = white 
blood cell, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate. *p-value determined using Student’s t test and 
Mann-Whitney U test for continuous variables and Fisher’s exact test for categorical variables
.

Parameter Total Cohort Cellulitis Osteomyelitis 
 n = 264 n = 127 n = 137 
 Median IQR Median IQR Median IQR p value* 
Age; median years 61.1 50.050 - 70.025 61.5 49.900 - 71.500 60.8 50.100 - 68.450 0.784 
Sex; n (%) 
Male 191 (72.3) 87 (68.5) 104 (75.9) 0.215 
Female 73 (27.7) 40 (31.5) 33 (24.1) 0.215 
Race/Ethnicity; n (%) 
Caucasian/White 141 (53.4) 71 (55.9) 70 (51.1) 0.460 
Black or African American 45 (17.0) 21 (16.5) 24 (17.5) 0.871 
Hispanic or Latino 75 (28.4) 33 (26.0) 42 (30.7) 0.416 
American Indian or Alaskan 
Native 

2 (0.8) 1 (0.8) 1 (0.7) 1.000 

Asian 1 (0.4) 1 (0.8) 0 (0.0) 0.481 
Comorbidities; n (%) 
Cardiovascular disease 27 (10.2) 14 (11.0) 13 (9.5) 0.690 
Peripheral vascular disease 72 (27.3) 24 (18.9) 48 (35.0) 0.004 
Diabetes mellitus 87 (33.0) 22 (17.3) 65 (47.4) <0.001 
Chronic inflammatory disease 10 (3.8) 4 (3.1) 6 (4.4) 0.751 
Laboratory values 
WBC (103/µL) (baseline) 9.97 7.23 - 13.83 10.69 7.22 - 13.93 9.46 7.21 - 13.75 0.280 
CRP (mg/dL) 7.8 2.23 - 16.85 7.8 2.40 - 16.60 7.8 2.00 - 16.95 0.444 
ESR (mm/h) 65 40.00 - 99.75 58 31.0 - 91.0 80 46.0 - 107.5 0.001 
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Age comparison of patients demonstrated 
no statistically significant difference in age 
with a total cohort mean age of 61.1 years old. 
No significant difference in the occurrence of 
cellulitis and osteomyelitis based on sex was 
observed. The study population consisted of 
53.4% Caucasian/White patients, followed by 
28.4% Hispanic/Latino, 17.0% Black/African 
American, 0.8% American Indian, and 0.4% 
Asian patients.  
Diabetes mellitus was the predominant 
comorbidity in the total study population with 
an overall prevalence of 33% followed by 
27.3% with peripheral vascular disease, 10.2% 
with cardiovascular disease, and 3.8% with 
chronic inflammatory disease. The total study 
population was categorized to identify 
patients diagnosed with cellulitis or 
osteomyelitis presenting with or without 
comorbidities (Figure 1). A total of 49 
patients presented with cellulitis and 
comorbidities, 78 with cellulitis without 
comorbidities, 94 with osteomyelitis with 
comorbidities, and 43 with osteomyelitis  
 
without comorbidities.  
 
 
 
 
 
 
 
 

Figure 1. Classification of total cohort of patients.  
Orange = patients diagnosed with osteomyelitis and 
comorbidities, green = patients diagnosed with cellulitis 
without comorbidities, blue = patients diagnosed with 
cellulitis with comorbidities, and yellow = patients 
diagnosed with osteomyelitis without comorbidities. 

ROC curves were used to determine test 
performance of WBC, CRP, and ESR in the total 
cohort, patients with comorbidities, and 
patients without comorbidities (Figure 2). In 
the total cohort which included patients with 
and without comorbidities (Figure 2A), ESR 
gave a sensitivity of 61.7% (95% CI 55.0-68.5). 
The AUC was converted to Cohen’s d giving a 
small effect size for ESR.17 CRP and WBC gave 
overall sensitivities of 47.3% (95% CI 40.3-54.2) 

and 46.2% (95% CI 39.1-53.2), respectively. For 
CRP and WBC, the AUC was below 0.5 and 
therefore provided no discriminatory ability in 
detecting osteomyelitis. The ROC in the 
patients with comorbidities group (Figure 2B) 
showed ESR to have an overall sensitivity of 
56.1% (95% CI 46.1-66.1). This converted to 
Cohen’s d gave a small effect size of 0.217.17 
CRP and WBC gave overall sensitivities of 51.9% 
(95% CI 42.3-61.6) and 48.6% (95% CI 38.5-
58.8), respectively. The AUC was calculated 
for CRP and converted to Cohen’s d gave a 
negligible effect size of 0.067. The AUC for 
WBC had no discriminatory ability as it was 
below 0.5 and the effect size could not be 
evaluated. For the group of patients without 
comorbidities (Figure 2C), the ESR had an 
overall sensitivity of 61.2% (95% CI 49.7-72.6) 
which converted to Cohen’s d gave a small 
effect size of 0.402. CRP and WBC gave overall 
sensitivities of 45.0% (95% CI 34.0-56.1) and 
44.1% (95% CI 33.6-54.7), respectively. The 
AUC of CRP and WBC had no discriminatory 
ability to differentiate osteomyelitis from 
cellulitis in patients with comorbidities as they 
were below 0.5. 

Contingency tables were created to detect 
optimal cutoff values for WBC, ESR, and CRP. 
Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), 
positive and negative likelihood ratios (LR+ and 
LR-), odds ratios, and 95% CI were established 
for the total cohort (Table 2), patients with 
comorbidities (Table 3), and patients without 
comorbidities (Table 4). In the total cohort, an 
ESR value of >70 mm/hr gave an overall 
sensitivity of 70.2% with a specificity of 50.0%. 
However, WBC and CRP performed poorly. In 
patients with comorbidities, odds ratios and 
95% CI demonstrated an ESR level of > 90 
mm/hr and CRP level of > 10.0 mg/dL to have 
the greatest values for detecting osteomyelitis 
in patients with comorbidities. For patients 
without comorbidities, the data calculated did 
not provide significant results in establishing 
optimal cutoff to differentiate osteomyelitis 
from cellulitis. Similarly, WBC count could not  
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Figure 2. Receiver operating characteristic (ROC) curves for C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and white blood 
cell (WBC) count to detect osteomyelitis. A) Total cohort. B) Patients with comorbidities. C) Patients without comorbidities.

provide significant values for establishing 
cutoff values in any of the groups. The results 
from the contingency tables were used to 
construct an algorithm based on the presence 
or absence of comorbidities and utilizing ESR 
and CRP values for the detection of 
osteomyelitis (Figure 3). 
 

Testing the performance of the diagnostic 
algorithm 

A second population of 35 patients diagnosed 
with osteomyelitis or cellulitis from July 1, 
2022, to December 31, 2022, was utilized to 
test the accuracy of the generated algorithm. 
A two-tailed test with a type I error set at α = 
0.05 and power of 0.95 in G*Power software 
demonstrated the study population of 35 
patients to meet the minimum effect size 
criteria with a power of 81.65%. Each of the 35 
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patients was individually tested by following 
the algorithm guidelines in which presence or 
absence of comorbidities defined the need to 
look up associated ESR or CRP values. If ESR 
value was > 90 mm/hr, CRP test results were 
evaluated in which values > 10.0 mg/dL 
indicated a diagnosis of osteomyelitis. The 
patient classification by the algorithm was 

compared to the actual medical records and 
final diagnosis notes. Following this approach, 
34 of the 35 patients tested were correctly 
identified by the algorithm (Table 5). The 
patients tested had an even representation 
across ESR and CRP values as well as both 
patient groups with and without comorbidities 
were represented.  

 
Table 2. Diagnostic reliability of WBC, ESR, and CRP values for distinguishing osteomyelitis from cellulitis in total cohort 
including patients with and without comorbidities. WBC = white blood cell; ESR = erythrocyte sedimentation rate; CRP = C-
reactive protein; PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- = 
negative likelihood ratio; OR = odds ratio; CI = confidence interval. 
 

Parameter Sensitivity Specificity PPV NPV LR+ LR- OR 95% CI 
Laboratory value: 
WBC (x103/µL) 

>10 0.443 0.442 0.473 0.452 0.892 1.211 0.887 0.310 - 0.575 
>15 0.529 0.444 0.513 0.517 1.043 0.929 1.140 0.350 - 0.708 
>20 0.528 0.444 0.529 0.526 1.125 0.9 1.106 0.095 - 0.960 

ESR (mm/hr) 
>20 0.223 0.385 0.375 0.341 0.600 1.733 0.716 0.000 - 0.458 
>30 0.547 0.458 0.537 0.527 1.163 0.897 1.028 0.272 - 0.822 
>40 0.536 0.583 0.545 0.538 1.163 0.838 1.063 0.320 - 0.753 
>50 0.667 0.545 0.579 0.590 1.375 0.698 1.223 0.439 - 0.894 
>60 0.698 0.250 0.609 0.563 1.556 0.778 1.321 0.483 - 0.914 
>70 0.702 0.500 0.600 0.593 1.464 0.686 1.251 0.405 - 1.000 
>80 0.450 0.500 0.466 0.470 0.875 1.071 0.911 0.195 - 0.705 
>90 0.618 0.516 0.581 0.607 1.388 0.646 1.046 0.497 - 0.740 

CRP (mg/dL) 
>1.0 0.491 0.522 0.497 0.502 0.990 0.994 0.905 0.326 - 0.655 
>3.0 0.509 0.400 0.517 0.535 1.071 0.868 1.115 0.278 - 0.740 
>6.0 0.480 0.600 0.444 0.444 0.800 0.667 0.148 0.070 - 0.890 
>7.0 0.595 0.444 0.563 0.559 1.286 0.788 3.173 0.306 - 0.885 
>8.0 0.580 0.667 0.556 0.571 1.250 0.750 2.103 0.337 - 0.823 
>10.0 0.599 0.618 0.569 0.550 1.321 0.773 1.289 0.400 - 0.799 
>15.0 0.369 0.333 0.420 0.430 0.724 1.324 0.676 0.112 - 0.626 
>20.0 0.497 0.500 0.478 0.490 0.914 1.036 0.988 0.324 - 0.670 

 
Table 3. Diagnostic reliability of WBC, ESR, and CRP values for distinguishing osteomyelitis from cellulitis in patients with 
comorbidities. WBC = white blood cell; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; PPV = positive 
predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; OR = odds 
ratio; CI = confidence interval. 
 

Parameter Sensitivity Specificity PPV NPV LR+ LR- OR 95% CI 
Laboratory value: 
WBC (x103/µL) 

>10 0.465 0.444 0.487 0.455 0.926 1.200 1.053 0.685 - 1.619 
>15 0.587 0.625 0.552 0.529 1.204 0.857 0.851 0.573 - 1.265 

ESR (mm/hr) 
>20 0.565 0.571 0.534 0.545 1.130 0.818 0.967 0.837 - 1.117 
>40 0.539 0.545 0.520 0.514 1.083 0.941 0.977 0.864 - 1.105 
>70 0.429 0.286 0.483 0.439 0.933 1.167 1.072 0.866 - 1.329 
>90 0.632 0.500 0.581 0.607 1.385 0.586 0.943 0.881 - 1.009 

CRP (mg/dL) 
>1.0 0.536 0.500 0.530 0.523 1.089 0.897 1.138 0.287 - 4.519 
>3.0 0.607 0.571 0.565 0.560 1.275 0.786 0.685 0.281 - 1.671 
>7.0 0.538 0.500 0.530 0.550 1.094 0.821 0.735 0.281 - 1.919 
>10.0 0.753 0.700 0.667 0.636 1.613 0.571 0.690 0.486 - 0.980 
>20.0 0.400 0.400 0.435 0.444 0.769 1.202 1.039 0.946 - 1.141 
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Table 4. Diagnostic reliability of WBC, ESR, and CRP values for distinguishing osteomyelitis from cellulitis in patients without 
comorbidities. WBC = white blood cell; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; PPV = positive 
predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; OR = odds 
ratio; CI = confidence interval. 

Parameter Sensitivity Specificity PPV NPV LR+ LR- OR 95% CI 
Laboratory value: 
WBC (x103/µL) 

>10 0.378 0.440 0.417 0.429 0.714 1.328 1.393 0.755 - 2.570 
>15 0.392 0.474 0.438 0.435 0.768 1.299 1.032 0.888 - 1.198 

ESR (mm/hr) 
>20 0.403 0.556 0.429 0.470 0.750 1.129 1.093 0.762 - 1.568 
>40 0.438 0.500 0.471 0.455 0.873 1.100 1.027 0.853 - 1.237 
>60 0.458 0.583 0.382 0.467 0.619 1.143 1.166 0.617 - 2.203 
>70 0.556 0.444 0.529 0.571 1.125 0.750 0.975 0.816 - 1.164 
>90 0.570 0.500 0.533 0.550 1.146 0.819 0.974 0.910 - 1.041 

CRP (mg/dL) 
>1.0 0.424 0.444 0.360 0.471 0.563 1.125 1.593 0.238 -10.654 
>3.0 0.385 0.462 0.421 0.457 0.731 1.192 1.738 0.396 - 7.624 
>7.0 0.273 0.455 0.157 0.397 0.229 1.519 6.331 0.257-155.746 
>10.0 0.486 0.563 0.506 0.504 1.026 0.971 1.009 0.813 - 1.250 
>20.0 0.533 0.474 0.504 0.503 1.018 0.990 0.992 0.903 - 1.089 

 
Table 5. Performance of the proposed diagnostic algorithm in identifying patients with osteomyelitis. Percentages are 
displayed in parenthesis. ESR = erythrocyte sedimentation rate; CRP = C-reactive protein. 

  Comorbidities No Comorbidities 
Met Algorithm 
Requirements 

Failed Algorithm 
Requirements 

  n = 12 n = 23 n = 34 n = 1 
Laboratory value, n (%) 
ESR < 40 mm/hr 3 (8.6) 5 (14.3) 7 (20.0) 1 (2.9) 
ESR 40 - 90 mm/hr 3 (8.6) 9 (25.7) 12 (34.3) 0 (0) 
ESR > 90 mm/hr 6 (17.1) 9 (25.7) 15 (42.9) 0 (0) 
CRP ≤ 10.0 mg/dL 4 (11.4) 11 (31.4) 15 (42.9) 0 (0) 
CRP > 10.0 mg/dL 8 (22.9) 12 (34.3) 20 (57.1) 0 (0) 
Overall algorithm performance, n (%) 34 (97.1) 1 (2.9) 

 
Figure 3. Proposed diagnostic algorithm for the recommended approach to utilizing ESR and CRP in the diagnosis of 
osteomyelitis. Graphic designed with Biorender.com. ESR = erythrocyte sedimentation rate; CRP = C-reactive protein. 
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Discussion  
In order to establish clear guidelines for the 
proper utilization of laboratory tests, cutoff 
values for ESR and CRP were evaluated by 
comparing patients that present comorbidities 
and those without. When evaluating ESR and 
CRP results from the total cohort in detecting 
osteomyelitis, ESR demonstrated fair perfor-
mance when > 70 mm/hr and CRP performed 
poorly at all interval values which correlates 
with previous studies that report the diag-
nostic limitations of ESR and CRP tests.20 
However, after the total cohort patient popu-
lation was grouped into those that present 
comorbidities (cardiac disease, peripheral 
vascular disease, diabetes mellitus, or chronic 
inflammatory disease) and those who do not 
present comorbidities, the ROC AUC demon-
strated ESR to be able to detect osteomyelitis 
in the patients with comorbidities group only. 
Likewise, using contingency tables, the diag-
nostic reliability of ESR and CRP for disting-
uishing osteomyelitis from cellulitis was found 
to be statistically significant when ESR > 90 
mm/hr and CRP > 10.0 mg/dL in the group of 
patients that presented comorbidities.  

Having clear cutoff values for non-specific 
inflammatory markers can improve patient 
outcomes. Based on an evaluation of the 
current literature, the diagnostic value of 
establishing cutoff values for ESR and CRP 
improved patient outcomes. In the diagnosis of 
periprosthetic infection, ROC analysis and 
contingency tables demonstrated ESR and CRP 
to have a sensitivity of 94.3% and 91.1% 
respectively when an ESR threshold of 30 
mm/hr and a CRP cutoff of 10 mg/L were 
used.21 In another study, an ESR specific cutoff 
of 25-30 mm/hr was shown to be useful in the 
assessment of systemic lupus erythematosus 
(SLE).22 Likewise, a CRP cutoff value of > 20 
mg/dL was utilized as a risk factor indicator for 
septic arthritis in children.23 It is indicated that 
when used appropriately, ESR and CRP can be 
highly effective at detecting certain cond-
itions. 

Based on the cutoff values obtained from 
this study, a diagnostic algorithm to detect 

osteomyelitis was created to guide the 
diagnostician in selecting appropriate testing 
by taking into consideration the presence or 
absence of comorbidities. This algorithm was 
able to correctly identify 97.1% of the subjects 
as diagnosed with osteomyelitis. The study 
presented here appears to be the first to 
propose a diagnostic algorithm detailing the 
use of ESR and CRP for the identification of 
osteomyelitis associated with the presence of 
comorbidities.  

The data presented in this study suggest 
that patients without comorbidities do not 
benefit from having an ESR or CRP test per-
formed. Only patients with comorbidities 
should have an ESR test completed, and if 
results are greater than 90 mm/hr, follow up 
with a CRP test, in which only a value >10 
mg/dL would suggest osteomyelitis. This is in 
agreement with other studies that demon-
strated ESR and CRP to have little diagnostic 
utility in detecting osteomyelitis of the foot in 
nondiabetic patients, but in the case of 
patients with diabetes, an ESR > 60 mm/hr and 
CRP > 7.9 mg/dL were found to be optimal 
cutoff values to initiate treatment for 
osteomyelitis.1  

Having clear cutoff values along with an 
algorithm can benefit diagnosticians in making 
clinical decisions and reduce overutilization of 
laboratory tests. As an example, the London 
Health Sciences Center (LHSC), a tertiary-care 
hospital located in Ontario, Canada, imple-
mented an educational bulletin and a clinical 
decision support system to decrease by 40% 
unnecessary ESR testing which translated to a 
cost savings of $11,000 Canadian Dollars (CAD) 
per year.12  

Similar approaches that derive from 
utilizing statistical methods such as ROC and 
contingency tables should be further explored 
when defining cutoff values. Likewise, estab-
lishing specific values or thresholds should be 
determined for laboratory tests and include 
consideration of the patients’ conditions. The 
results presented herein suggest that patient 
comorbidities should be considered before 
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ordering ESR and CRP test. Ultimately, a diag-
nostic approach that derives from evidence-
based medicine will lead to improved guide-
lines that can improve health care costs and 
improve health outcomes.24  

 

Limitations 
One of the major limitations of this study is the 
use of retrospective data. In addition, the 
study population is limited to patients 
admitted to a single institution. A more 
comprehensive study should be completed 
with data from multiple clinical sites. Prior 
treatment and the use of anti-inflammatory 
drugs at the time of admission was not 
evaluated which may have affected baseline 
ESR and CRP levels.  

 

Conclusion 
The results from this study suggest that ESR 
and CRP are not useful in the diagnosis of 
osteomyelitis in the general population of 
hospitalized patients suspected of having 
osteomyelitis. However, when comorbidities 

are taken into consideration, ESR and CRP can 
have clinical value as indicators of osteo-
myelitis. An improvement in guidelines for the 
use of ESR and CRP such as the diagnostic 
algorithm proposed here can help diagnos-
ticians make practical use of the tests and 
emphasize cutoff values when diagnosing 
osteomyelitis. 
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Purpose: The incorporation of simulation-based learning activities is not a new 
concept in the field of medical laboratory science. Studies have shown that 
simulation experiences incorporated into academic curricula provide students 
with a safe learning environment while developing their skills and boosting self-
confidence. Currently, no studies are available in the literature related to 
exposure to or experience with Laboratory Information Systems (LIS) for Medical 
Laboratory Science students during their program coursework. This study focused 
on using an LIS to supplement the education of Medical Laboratory Science 
students at a large public university in the United States.  
Materials & Methods: The LIS simulation activity was integrated into the 
students’ hematology laboratory course during two separate sessions. The first 
part of the activity served as an introduction to the purpose and function of the 
LIS in the clinical laboratory. The second part focused on result entry and manual 
review of the hematology instrument into the LIS. To assess the effectiveness of 
the simulation activity, student responses from pre- and post-activity surveys 
were analyzed using the Wilcoxon signed-rank test and thematic analysis.  
Results: The results obtained from the Wilcoxon signed rank test showed a 
significant improvement in students' understanding of LIS functionality after 
completing part 1 of the activity. Results also indicated that students' 
understanding of how diagnostic tests are ordered in the laboratory significantly 
improved. Student responses were overwhelmingly positive when asked if 
students were looking forward to using this LIS for future laboratory courses.  
Conclusion: The LIS simulation activity effectively introduced students to the 
purpose and functionality of an LIS in the clinical laboratory. Future 
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upon graduation from the program. 
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Introduction 
The incorporation of simulation-based learning 
activities is not a new concept in the field of 
medical laboratory science (MLS). Studies have 
shown that when simulation activities are 
incorporated into the curricula, student 
confidence and self-perception increase 
following the activity.1 Virtual simulation 
provides students with a safe learning 
environment where there can be no direct 
harm to patients.2 Although the incorporation 
of simulation has been on the rise in various 
areas of education, the inclusion of simulation 
in MLS education is still a growing area of 
study.3 The COVID-19 pandemic drastically 
changed the method of delivery for higher-
level education, in which most coursework was 
presented in a face-to-face format. E-learning 
education methods were adopted throughout 
many educational systems to protect students 
and the greater community against possible 
infection. Studies have shown that students 
had a positive perception of the e-learning 
format.4 E-learning has become widely 
adopted following the COVID-19 pandemic due 
to educators' positive results and students' 
positive perceptions of this method. Other 
studies have shown that synchronous distance 
education did not differ greatly from trad-
itional education, resulting in higher satis-
faction rates among students enrolled in these 
online courses in some cases.5 A flexible 
learning environment allows students to take 
in material at their own pace, without the 
stressors of time and space constraints. As e-
learning methods continue to expand in health 
science curricula, there is a growing need to 
provide students with a new way to learn 
material away from the classroom. Simulation-
based laboratories may provide the solution to 
fill the gap when students are not actively 
engaged in a traditional classroom setting. 

Simulation is a method to expose students 
to concepts that can be further elucidated in a 
real-world scenario. These simulation experi-
ences have become quite advanced, providing 
students with an effective means of honing 
their skills online, incorporating the concepts 

of e-learning and laboratory simulation.2,6 Exp-
eriential learning through practice with simu-
lation has been recommended for students in 
the field of nursing as preparation for new 
graduates.7 The concept of simulation has be-
en shown throughout the literature as an effe-
ctive means of enhancing student knowledge, 
and it can be a valuable tool to support student 
retention and lead to higher exam scores.8  

No studies related to Laboratory Infor-
mation System (LIS) exposure or experience for 
MLS students during program coursework were 
found in the literature. While students may 
feel ready to engage with new and different 
technology, their understanding of the use of 
technology in a hospital setting and medical 
laboratory is extremely limited. Feedback 
from prior graduates indicated a need for more 
information and experience related to the 
purpose and use of an LIS before their clinical 
practicum experience. This study focuses on 
the effectiveness of an LIS simulation to 
supplement the education of senior MLS 
students. 

 

Materials and Methods 
The Institutional Review Board approved this 
project (STUDY00019137). A simulation active-
ty using the LIS was developed and integrated 
as part of the coursework for the hematology 
laboratory course. Students completed prepa-
ratory work online and then engaged in a 
hands-on LIS simulation activity during two 
separate laboratory sessions. The first part of 
the activity introduced students to the LIS and 
pre-analytical components of the laboratory 
exercise, where students were tasked with 
creating a requisition, documenting the collec-
tion time of their specimen, and printing a 
laboratory barcode label. The second part inv-
olved post-analytical components of the lab-
oratory exercise, which was a continuation of 
the first part of the LIS simulation activity, 
where students used the LIS to manually enter 
and review patient results. Both parts of the 
LIS simulation activity were accompanied by a 
short video and a written procedure that the 
students were instructed to review before 
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attending the laboratory session associated 
with each part. The video for part 1 and part 2 
of the simulation LIS activity, along with the 
written procedure for each part, demonstrated 
how to use our LIS program and provided 
additional information on the functionality of 
LIS. The goal of providing materials for stud-
ents before the lab session was to help them 
feel prepared and more comfortable using the 
LIS, having already been exposed to it through 
video presentations and written procedures.  

The effectiveness of the preparatory work 
and the overall simulation experience were 
assessed using a mixed methods approach. 
Survey questionnaires were developed using 
QualtricsTM to assess students’ understanding 
of the role of the LIS in the medical laboratory. 
Relevant research studies on student perc-
eptions of simulation activities in health or 

science courses were used to guide the 
development and design of the pre and post-
surveys, including how the survey questions 
were written and presented to the stud-
ents.1,2,9 Pre- and post-activity surveys were 
integrated as part of the coursework for the 
students currently enrolled in the hematology 
didactic course. The surveys were developed 
for the course to understand prior student 
experience and their understanding of LIS in 
the laboratory and assess their learning and 
confidence using it following the simulation 
activity. These surveys followed a five-point 
Likert scale, with five indicating a response of 
strongly agree and one indicating a response of 
strongly disagree. Surveys also included open-
ended questions where students could provide 
additional information about their experience 
in the LIS simulation. 

 
Table 1: Wilcoxon Signed Rank Test of Student Responses 
This table shows selected questions from pre- and post-activity surveys, Z-scores, and corresponding p values. 
 Negative Ranks Positive Ranks 

 
   

 n Mean 
rank 

Sum of 
ranks 

n Mean 
rank 

Sum of 
ranks 

Ties Z p 

(Activity helped me under-
stand purpose/ function 
after Part 1)-(Before Part 1) 

2 6 12 20 12.05 241 6 -3.788b <0.001a 

(LIS activity helped 
select/order tests after Part 
1)-(Understanding lab test 
ordering before Part 1) 

3 8.67 26 22 13.59 299 3 -3.725b <0.001a 

(Self-confidence after Part 
2)-(After Part 1) 

4 11.25 45 13 8.31 108 11 -1.576b 0.115 

(Desire to use LIS after Part 
1)-(Before part 1) 

5 5 25 4 5 20 19 -0.333c 0.739 

(Understanding reference 
ranges after Part 2)-(Before 
Part 2) 

17 10.94 186 3 8 24 8 -3.189c 0.001a 

(Activity helped better 
understand LIS after Part 2)-
(After Part 1) 

2 5.5 11 9 6.11 55 17 -2.138b 0.033a 

(Understanding of Critical 
Values after Part 2)-(Before 
Part 2) 

17 10.29 175 2 7.5 15 9 -3.386b <0.001a 

(Desire to use LIS after Part 
2)-(After Part 1) 

5 5.5 27.5 5 5.5 27.5 18 0.000d 1 

a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks 
c. Based on positive ranks 
d. The sum of negative ranks equals the sum of positive ranks 
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Due to the small sample size and non-para-
metric nature of the data, analysis was 
performed using the Wilcoxon signed-rank test 
through the statistical analysis software IBM 
SPSS (v 28). A total of 29 students were 
enrolled in the course and participated in the 
LIS simulation activity. However, one student 
was excluded from this study as they had not 
completed all the assigned surveys as part of 
the course requirements, so the sample size 
for this study was 28 students. 
 

Results 
Prior to data analysis, inclusion criteria were 
established. Data was de-identified to allow 
for correlation of student responses between 
the pre and post-survey data. Students who did 
not complete all assigned pre and post-surveys 
related to the LIS simulation were excluded 
from any data analyses. The final sample size 
for this project included 28 students. 

Students responded very well to the activ-
ity, and they demonstrated an improved und-
erstanding of the value of the LIS in the 
laboratory and a desire to use it for future 
laboratory activities, as shown in Table 1. In 

particular, there was a significant improve-
ment in their understanding of the purpose and 
function of the LIS, laboratory test ordering 
processes, and their understanding of refe-
rence ranges and critical patient results. The 
majority of students found the simulation 
activity useful and agreed that it integrated 
well into the hematology laboratory course 
(Table 2).  

 

The surveys assigned to the students as part of 
the laboratory course also included open-
ended questions where feedback on the LIS 
simulation activity could be provided. Many of 
the students touched on similar themes. 
Students particularly enjoyed the manual 
entry of their complete blood count (CBC) 
results, allowing them to apply the concepts 
they learned in their MLS lecture courses in the 
laboratory. Many students mentioned that the 
length of time between both parts of the 
activity may have been detrimental to their 
learning, suggesting that the two parts be 
scheduled in a closer timeframe. Other stud-
ents suggested working with multiple samples 
instead of one, which would provide additional 
evidence to evaluate students’ comfort level 
working with the LIS 

 
 
Table 2: Median Student Responses to Survey Questions 
Students responded to survey questions using a Likert scale, with 5 indicating strongly agree and 1 
indicating strongly disagree. Most students agreed the activity was useful and integrated well with 
the hematology lab session. 
Survey Question Median ± SEM (IQR) 

–  
Survey Question 

I am looking forward to using this LIS for my future 
laboratory courses in the MLS program 

4 ± 0.107 (1) 4 ± 0.107 (1) 

The pre-lab handout and tutorial video effectively 
prepared me for the LIS activity  

4 ± 0.104 (0.25) 4 ± 0.108 (1) 

The LIS simulation experience integrated well with 
the laboratory course material 

4 ± 0.104 (1) 4.5 ± 0.109 (1) 

The LIS simulation experience helped my self-
confidence as a future MLS 

4 ± 0.166 (1) 4 ± 0.132 (1) 
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Discussion 
In general, students responded very well to the 
LIS simulation activity. Participation in the 
activity significantly improved students’ und-
erstanding of the purpose and function of the 
LIS in laboratory practice. Regarding the self-
confidence ratings in their skills as Medical 
Laboratory Scientists, student opinions did not 
differ much between both parts of the 
simulation activity. Students felt confident in 
their skills, as noted during the simulation 
activity. The MLS faculty indicated that the 
students appeared well-prepared to complete 
the simulation activity, and their responses to 
the pre-activity materials were also positive. 

Limitations of this study include the sample 
size and time constraints. This simulation 
activity involved 28 students in a Medical 
Laboratory Science program. Future recom-
mendations include expanding this study to 
incorporate additional universities and MLS 
programs to increase the sample size. Another 
limitation was not validating the surveys used 
to assess student learning outcomes due to 
time constraints associated with the project. 
Survey questions for the pre and post-sim-
ulation assignments were developed using pre-
vious research studies as a guide. Validation of 
these surveys in the future may help stand-
ardize student responses and minimize any 
confusion students may have had regarding 
questions. Obtained results in this study may 
have also suffered from distortion effects, such 
as central tendency bias or social desirability 
bias. Different survey methods may also be 
explored in the future to mitigate any 
perceived biases by students in their resp-
onses. 

Many students mentioned that the length of 
time between both parts of the activity (3 
weeks) may have been detrimental to their 
learning and suggested that the two parts be 
scheduled in a closer timeframe. Other stud-
ents suggested working with multiple samples 

instead of on a single sample, providing 
additional evidence to evaluate students’ com-
fort level working with the LIS. 

Students provided valuable feedback and 
suggestions to improve the activity and 
assignments for future students in the course. 
The data demonstrated that most students 
agreed that the activity incorporated well into 
their current MLS program curricula. Most 
students agreed that the opportunity to 
engage in the LIS simulation activity improved 
their confidence in using an LIS and helped 
them look forward to future opportunities 
using it. 

 

Conclusion 
The findings suggest that incorporating a 
simulation-based learning activity to introduce 
students to the purpose and function of an LIS 
was effective. 
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The purpose of this research is to identify the antimicrobial resistant pattern to 
provide scientific evidence for improving antimicrobial therapy for Escherichia 
coli and ESKAPE organisms in urine samples recovered from Central Alabama in 
2020. A total of 3498 organisms were identified by matrix assisted laser desorption 
ionization time of flight mass spectrometry (MALDI-TOF MS) and the sensitivities 
were performed on MicroScan WalkAway 96 by using the Clinical Laboratory 
Science Institute (CLSI) microdilution method. The identified organisms were from 
clean-catch midstream, foley catheter, and straight catheterized urine. For the 
69.4% of E. coli isolates, ampicillin/sulbactam had the lowest sensitivity at 54%. 
Among the 920 ESKAPE pathogens, Enterococcus faecium was most resistant to 
ampicillin with sensitivity at 8%. Staphylococcus aureus was most resistant to 
penicillin with sensitivity at 7%; Klebsiella pneumoniae was most resistant to 
nitrofurantoin at 35%; Acinetobacter baumannii lacked samples for statistical 
analysis; Pseudomonas aeruginosa was most resistant to levofloxacin with 
sensitivity at 68%; Enterobacter species was most resistant to ertapenem at 
83%. Overall, the resistant patterns of E. coli and the ESKAPE organisms isolated 
in the hospital system were comparable to those reported globally and nationally; 
however, because these organisms are becoming resistant faster than new 
antibiotics are being introduced to the market, diligence must take place to 
conserve and appropriately use current antibiotics in patient treatments.  
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Introduction 
Urinary tract infections (UTIs) have been 
identified as the fifth most common type of 
healthcare-associated infection with an esti-
mated 62,700 urinary infections occurring in 
acute care settings and an estimated 150 
million UTIs occurring annually worldwide.1,2,3 
Majority of urinary infections that occur is 
predominantly caused by uropathogenic Esch-
erichia coli (UPEC), which contributes to 80% 
of all UTIs, with 83.9% sensitive to extended-
spectrum cephalosporins, 65.2% sensitive to 
fluoroquinolones, and 98.9% sensitive to 
carbapenems.4,5  

Urinary tract infections are classified as ei-
ther complicated or uncomplicated. Compli-
cated UTIs occur due to urinary obstructions, 
urinary retention, kidney calculi, renal failure, 
renal transplants, pregnancy, or indwelling 
devices. 2,6,7 In addition, complicated UTIs 
have a higher risk of treatment failure and may 
require longer courses of antibiotic treat-
ment.8 Uncomplicated UTIs most frequently 
occur in healthy individuals as a result of 
cystitis, sexual activity, diabetes, and obe-
sity.2, 9,10 Complicated and uncomplicated UTIs 
are most often caused by Candida species, 
Enterococcus faecalis, Klebsiella pneumoniae, 
Proteus mirabilis, Pseudomonas aeruginosa, 
Staphylococcus aureus, Staphylococcus sapro-
phyticus, and Streptococcus agalactiae, also 
known as group B Streptococcus (GBS).2,7,11-15 
The most commonly isolated organism for both 
complicated and uncomplicated UTIs is UPEC.2 

The treatment of complicated and 
uncomplicated UTIs can have undesirable 
effects. The use of antibiotics can alter gastro-
intestinal and vaginal normal flora, which can 
lead to drug resistant organisms.2, 16 The repla-
cement of normal flora with antimicrobial 
resistant microorganism can cause colonization 
resulting in treatment failures.2 Most patients 
with uncomplicated UTIs, are treated with 
broad-spectrum antibiotics and recover with-
out any issues. However, individuals with 
complicated UTIs become more difficult to 
treat due to increased antibiotic resistance.8 In 
fact, there is a 25% risk that a bacteriuria will 

become a complicated UTI.8 In the United 
States, it has been reported that over 626,000 
hospital admissions occur annually due to 
complicated UTIs.8  

Enterococcus species, Klebsiella pneumo-
niae, Staphylococcus aureus, and Pseudo-
monas aeruginosa are commonly found in both 
complicated and uncomplicated UTIs and are 
part of an emerging group of antimicrobial 
resistant organisms called the ESKAPE 
pathogens. The ESKAPE pathogens were def-
ined, in 2008 by the Infectious Disease Society 
of America, as a group of pathogenic organisms 
that causes hospital infections which escapes 
antimicrobial therapies.17,18,19 The ESKAPE org-
anisms are Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acine-
tobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacter species. Included in this 
group are the vancomycin-resistant entero-
cocci (VRE), methicillin-resistant Staphylo-
coccus aureus (MRSA), extended spectrum 
beta-lactamase (ESBL), and carbapenem-
resistant enterobacteriaceae (CRE).19, 20 

In majority of clinical settings, patients are 
initially treated empirically for UTIs without 
knowing the identification or susceptibility of 
the causative organism; therefore, under-
standing the resistance patterns of the ESKAPE 
and UPEC organisms is beneficial especially in 
cases of complicated UTIs. Accordingly, this 
study was performed to determine the percent 
recovery and resistance patterns for the 
ESKAPE and UPEC organisms from three 
hospitals in Central Alabama. Findings from 
this study will provide scientific evidence to 
physicians and antibiotic stewardship programs 
to improve initial experiential treatment for 
uropathogens.  
 

Materials and Methods 
This study was performed by retrospective 
analysis of inpatient urine culture data from 
three teaching hospitals within a hospital 
system in Central Alabama between January- 
December 2020. This hospital system has an 
estimated 207 admissions per month or seven 
admissions per day. Urine cultures were 
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collected from clean-catch, midstream, foley 
and straight catheter, pediatric, and other 
sources, such as suprapubic collection. The 
antimicrobial susceptibility results were 
reported based on the CLSI minimum inhibitory 
concentration (MIC) breakpoints.  

The twenty-three antimicrobials included 
in this study were from the classes’ 
aminoglycosides (gentamicin, tobramycin), 
other beta-lactams (ampicillin/sulbactam, 
ampicillin, amoxicillin/clavulanate, oxacillin, 
penicillin, piperacillin/tazobactam), carbap-
enems (ertapenem, meropenem), cephalo-
sporins (cefepime, ceftriaxone, ceftazidime, 
cefazolin, cefuroxime), fluoroquinolones (cip-
rofloxacin, levofloxacin), and others (trimeth-
oprim/sulfamethoxazole, tetracycline, nitro-
furantoin, linezolid, vancomycin, and dapto-
mycin). Quality control was performed weekly 
using the organisms P. aeruginosa ATCC 27853, 
E. coli ATCC 35218 and 25922, K. pneumoniae 
ATCC 700603, E. faecalis ATCC 29212, S. 
aureus ATCC 29213 and BAA-977, MRSA ATCC 
43300, and VRE ATCC 51299. The CLSI (M100) 

performance standards for antimicrobial 
susceptibility testing served as interpretive 
criteria for each antimicrobial and organism 
evaluated. Chi-square test or Fisher’s exact t-
test was used to determine the significant 
difference in antimicrobial sensitivity on IBM 
SPSS for Windows (version 28 software 
package).21 The level of significant difference 
was defined at p<0.05. 

Figure 1. Frequency Distribution of Pathogens Isolated 
from Urine Cultures 

Results 
A total of 3498 organisms (Figure 1), from urine 
cultures performed between January and Dec-
ember 2020 from a Central Alabama hospital 
system, were identified by MALDI-TOF MS. 
Antimicrobial sensitivities were performed by 
MicroScan WalkAway 96 based on the CLSI 
microdilution method. Among the 3498 identi-
fied organisms (Figure 2), 83.2% were isolated 
from clean-catch midstream urine specimens, 
10.5% from foley catheter urine, 5.5% from 
straight catheterized urine, and 0.8% from 
pediatric urine and other sources. 

Figure 2. Frequency Distribution of Types of Urine 
Specimens 

 
The results (Figure 1) demonstrated that E. coli 
contributed to 69.4% of all the infections, 
followed by K. pneumoniae (13.4%), P. 
aeruginosa (6.0%), S. aureus (3.0%), Entero-
bacter species (2.3%), and other species 
(Acinetobacter species, Enterococcus species, 
Klebsiella species, and Pluralibacter gergo-
viae, 5.9%). Among the 920 ESKAPE organisms 
identified (Figure 3), K. pneumoniae was the 
most common organism isolated at 50.9%, 
followed by P. aeruginosa (22.7%), S. aureus 
(11.3%), Enterobacter species (8.6%), E. 
faecium (5.7%), and A. baumannii (0.8%). For 
the 2428 E. coli isolates, cefepime, ertapen-
em, meropenem, ceftazidime, ceftriaxone, 
and piperacillin/tazobactam had the highest 
sensitivities at 99-100%, followed by nitro-
furantoin (98.0%) and  were  most  resistant  to 
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Figure 3. Frequency Distribution of the ESKAPE 
Organisms Isolated from Urine Cultures 

ampicillin/sulbactam (54.0%). For the ESKAPE 
pathogens, E. faecium was most sensitive to 
daptomycin (100%) and most resistant to 
ampicillin (8.0%). S. aureus was most sensitive 
to vancomycin, ceftriaxone, and cefazolin 
(100%) and most resistant to penicillin (7.0%); 
K. pneumoniae was most sensitive to cephalo-
sporins, aminoglycosides, and quinolones (97-
100%) and most resistant to nitrofurantoin 
(35.0%); A. baumannii was sensitive to the 
antibiotics tested, but there were not enough 
samples for statistical analysis with sensi-
tivities ranging from 86% to100%; P. aeruginosa 
 
 

 
 
Table 1. Antibiotic Spectrum (%) of E. coli and ESKAPE Pathogens from Urine Cultures in Central Alabama. 

Antibiotic agent E. coli K. pneumoniae P. aeruginosa S. aureus E. faecium Enterobacter spp. A. baumannii 
S R S R S R S R S R S R S R 

Aminoglycosides               

Gentamicin 92 8 99 1 72 28 -- -- -- -- 97 3 100 0 

Tobramycin 95 5 99 1 96 4 -- -- -- -- -- -- 100 0 

Other β-lactams               

Ampicillin/Sulbactam 54 46 86 14 -- -- -- -- -- -- -- -- 100 0 

Ampicillin -- -- -- -- -- -- -- -- 8 92 -- -- -- -- 

Amoxicillin/Clavulanate 87 13 96 4 -- -- -- -- -- -- -- -- -- -- 

Oxacillin -- -- -- -- -- -- 53 47 -- -- -- -- -- -- 

Penicillin -- -- -- -- -- -- 7 93 -- -- -- -- -- -- 

Piperacillin/Tazobactam 99 1 97 3 93 7 -- -- -- -- -- -- -- -- 

Carbapenems               

Ertapenem 100 0 97 3 -- -- -- -- -- -- 83 17 -- -- 

Meropenem 100 0 98 2 90 10 -- -- -- -- 100 0 100 0 

Cephalosporins               

Cefepime 100 0 100 0 90 10 -- -- -- -- 92 8 86 14 

Ceftriaxone 99 1 100 0 -- -- 100 0 -- -- -- -- -- -- 

Ceftazidime 99 1 100 0 82 18 -- -- -- -- -- -- 100 0 

Cefazolin 92 8 97 3 -- -- 100 0 -- -- -- -- -- -- 

Cefuroxime 97 3 97 3 -- -- -- -- -- -- -- -- -- -- 

Fluoroquinolones               

Ciprofloxacin 82 18 98 2 70 30 -- -- -- -- 92 8 100 0 

Levofloxacin 83 17 98 2 68 32 -- -- -- -- 92 8 100 0 

Others               

Trimethoprim/ 
Sulfamethoxazole 

73 27 92 8 -- -- 98 2 -- -- -- -- -- -- 

Tetracycline 80 20 85 15 -- -- -- -- -- -- -- -- -- -- 

Nitrofurantoin 98 2 35 65 -- -- -- -- 30 70 -- -- -- -- 

Linezolid -- -- -- -- -- -- -- -- 97 3 -- -- -- -- 

Vancomycin -- -- -- -- -- -- 100 0 30 70 -- -- -- -- 

Daptomycin -- -- -- -- -- -- -- -- 100 0 -- -- -- -- 
 

S= sensitive; R=resistant  
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Table 2. Percent Sensitivity Comparison for ESKAPE Organisms Isolated from Urine Cultures 
 Central Alabama NHSH* Karlowsky, Hoban, 

et. al. 
Enterococcus faecium    

Vancomycin 30.0% 14.9% --- 
Staphylococcus aureus    

Oxacillin 53.0% --- --- 
Oxacillin/Methicillin/Cefoxitin --- 48.0% --- 

Klebsiella pneumoniae    
Cefepime, Ceftriaxone, Ceftazidime 100% --- 48.9% 

Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 77.5% --- 
Levofloxacin 98.0% --- 57.3% 

Ertapenem 
 Meropenem 

97.0% 
98.0% --- --- 

Imipenem, Meropenem, Doripenem --- 90.5% --- 
Ertapenem, Imipenem --- --- 78.5% 

Acinetobacter baumannii    
Cefepime, Ceftriaxone, Ceftazidime 99.3% --- 13.9% 

Levofloxacin 100% --- 11.6% 
Meropenem 100% --- --- 

Imipenem, Meropenem, Doripenem -- 36.0% --- 
Imipenem --- --- 18.6% 

Pseudomonas aeruginosa    
Gentamicin 72.0% --- --- 
Tobramycin 96.0% --- --- 

Amikacin, Gentamicin, Tobramycin --- 78.9%  
Amikacin --- --- 75.2% 

Levofloxacin 68.0% --- 55.2% 
Ciprofloxacin, Levofloxacin -- 67.4% --- 

Meropenem 90.0% --- --- 
Imipenem --- --- 60.0% 

Imipenem, Meropenem, Doripenem --- 76.1% --- 
Enterobacter species    

Cefepime 92.0% --- --- 
Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 59.5% --- 

Cefepime, Ceftriaxone, Ceftazidime --- --- 61.0% 
Ertapenem 83.0% --- 79.4% 

Meropenem 100% --- --- 
Imipenem, Meropenem, Doripenem --- 93.5% --- 

Imipenem  --- --- 86.1% 
Levofloxacin 92.0% --- 76.4% 

Escherichia coli    
Cefepime, Ceftriaxone, Ceftazidime 99.0% --- --- 

Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 83.9% --- 
Ciprofloxacin 
 Levofloxacin 

82.0% 
83.0% 

--- 
--- 

--- 
--- 

Ciprofloxacin, Levofloxacin, Moxifloxacin --- 65.2% --- 
Ertapenem, Meropenem 100% --- --- 

Imipenem, Meropenem, Doripenem --- 98.9% --- 
*NHSN comparison susceptibility data from year 2014. 

was most sensitive to tobramycin (96.0%) and 
most resistant to levofloxacin (68.0%); Ent-
erobacter species had the highest sensitivity to 
meropenem (100%), and the lowest sensitivity 
to ertapenem (83.0%). The antibiotic spectrum 
for E. coli and the ESKAPE organisms is 
summarized in Table 1. 
 

Discussion 
Findings of this study were compared with 
published literature from the National Health-
care Safety Network (NHSN) at the Centers for 
Disease Control and Prevention (CDC), World 
Health Organization (WHO), and others; and no 
previous studies were found on antimicrobial 

resistance of E. coli or ESKAPE pathogens in 
Central Alabama. There may be limitations in 
this study as the NHSN reported pathogens 
from catheter associated urinary tract 
infections (CAUTI) whereas this study evalu-
ated E. coli and ESKAPE organisms from all 
urine culture isolates. However, a comparison 
can be made between isolates recovered in 
Central Alabama and those on a national and 
global level as shown in Table 2.  

During 2011-2014, Enterococcus faecium 
accounted for 3.7% of all pathogens reported 
to the NHSN, with 2.7% occurring in CAUTIs.5 In 
addition, 14.9% were reported as sensitive to 
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vancomycin.5 In comparison, this study demon-
strated that E. faecium was isolated 1.5% from 
all urine specimens with 30.0% of them 
sensitive to vancomycin demonstrating a lower 
isolation and resistance rate. 

Enterococci can have a high-level of acqu-
ired vancomycin resistance due to the 
alteration of the peptidoglycan cell wall 
precursors by amino acid substitution that 
causes D-alanyl-D-alanine dipeptide to become 
D-alanyl-D-lactate depsipeptide.22 The vanA 
gene encodes for this amino acid substitution 
which causes reduced ability of vancomycin to 
bind to the bacterial cell wall.22 E. faecium 
strains with this type of vancomycin high level 
resistance are classified as class A resistance. 
This type of resistance can be shared with 
other gram positive organisms through conju-
gation.22 On the other hand, strains of E. 
faecium that have high to low levels of vanco-
mycin resistance are classified as class B resis-
tance. This level of resistance is caused by the 
vanB gene and can be shared through 
conjugation with other Enterococcus strains.22 
Other non-faecium enterococci strains, such as 
Enterococcus gallinarium, Enterococcus casse-
liflavus, and Enterococcus flavescens have low 
levels of vancomycin resistance and are 
designated as class C resistance.22 This type of 
resistance is caused by the genes vanC1, vanC2, 
and vanC3. E. faecium also has resistance to 
beta-lactam drugs, such as ampicillin, due to 
the alteration of the target enzyme penicillin-
binding protein 5 (PBP5), which is the main 
resistance determinant for this organism.23 In 
addition, resistance to quinupristin-dalfo-
pristin occurs in E. faecium by enzymatic inhi-
bition, efflux, and target modification.22 

NHSN reported Staphylococcus aureus 
accounted for 11.8% of all urine cultures repor-
ted with 1.6% occurring in CAUTIs.5 Of the S. 
aureus isolated from CAUTIs, 48.0% were 
sensitive to oxacillin, methicillin, and cefox-
itin.5 In this study, 3.0% of the S. aureus was 
isolated from all urine cultures with 7.0% 
sensitive to penicillin and 53.0% sensitive to 
oxacillin, which is lower than the total number 
of isolates reported to the NHSN, but 

comparable to the susceptibility rate for beta-
lactams. There were no vancomycin inter-
mediate Staphylococcus aureus (VISA), or van-
comycin resistant Staphylococcus aureus 
(VRSA) isolates identified in this study or in the 
NHSN study.  

It has been documented that urinary cath-
eterization is the most important risk factor for 
MRSA in complicated UTIs.4,24,25 The cause of 
MRSA is due to the mecA gene, which encodes 
for penicillin binding protein 2A (PBP2A).22 The 
PBP2A protein has a low affinity for beta-
lactam antibiotics, which causes resistance to 
methicillin, nafcillin, oxacillin, and cephalo-
sporins.22 S. aureus not only has resistance due 
to the alteration of the target enzyme PBP2A 
protein, but also due to penicillinase prod-
uction otherwise known as beta-lactamase. 
Since vancomycin is the drug of choice in the 
treatment of MRSA, vancomycin intermediate 
and vancomycin resistant strains have been 
observed. The first VRSA was isolated in 
2002.22 VRSA occurs due to the sharing of vanA 
genes from VRE through a plasmid-mediated 
transfer.22 VISA occurs as a result of bacterial 
cell wall thickening, which binds the drug and 
prevents it from reaching its designated 
target.22  

Klebsiella pneumoniae has been isolated an 
average of 7.0% from both complicated and 
uncomplicated UTIs.2 K. pneumoniae has 
demonstrated antibiotic resistance to the ext-
ended spectrum cephalosporins, fluoroquino-
lones, and aminoglycosides.5, 26 In this study, K. 
pneumoniae was isolated 13.4% from all urines 
with 100% sensitive to the extended spectrum 
cephalosporins, 98.0% sensitive to levoflox-
acin, and 97.5% sensitive to carbapenems. In 
comparison, the NHSN’s study grouped K. 
pneumoniae and Klebsiella oxytoca together 
with 10.1% isolated and 77.5% sensitive to the 
extended spectrum cephalosporins, and 90.5% 
sensitive to carbapenems.5 Another study by 
Karlowsky, Hoban, and et. al, reported 48.9% 
of K. pneumoniae sensitive to the extended 
spectrum cephalosporins, 57.3% were sensitive 
to levofloxacin, and 78.5% sensitive to 
carbapenems.26 K. pneumoniae isolated from 
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urine cultures in Central Alabama were more 
sensitive when compared to those reported in 
the NHSN and the Karlowsky, Hoban, et. al. 
study and had a higher isolation rate when 
compared to the NHSN.  

Klebsiella pneumoniae resistance to beta-
lactam drugs occurs due to enzyme inhibition 
of penicillinases, ESBL, and carbapenemases 
(i.e., New Delhi metallo-beta-lactamase (NDM-
1)), as well as through decreased outer 
membrane permeability.22 The NDM-1 enzyme 
is encoded by blaNDM-1, which contributes to the 
increased presence of carbapenem-resistant 
Klebsiella pneumoniae (KPC) infections.27 The 
decrease in outer membrane permeability is 
due to the reduction of porins, which are used 
by antibiotics to enter the bacterial cell. The 
reduction in porins causes beta-lactam resis-
tance. The resistance to fluoroquinolones 
occurs due to the alteration of target enzymes, 
efflux, and target site protection.22 DNA gyrase 
(bacterial topoisomerase II) is a target enzyme 
that plays a role in the cell division of gram 
negative organisms. This enzyme is encoded by 
gyrA and when mutated, resistance to 
fluoroquinolones occurs.22 Another gene, qnr, 
is a plasmid-mediated fluoroquinolone resist-
ance gene that produces binding proteins to 
the DNA gyrase antibiotic target site; there-
fore, protecting this enzyme from binding to 
fluoroquinolones,22 allows K. pneumoniae to 
be resistant to the inhibitory effects of this 
drug class. Aminoglycoside resistance occurs 
due to enzymatic inhibition and alteration of 
ribosomal targets. Enzymatic inhibition is caus-
ed by aminoglycoside-modifying enzymes that 
confer resistance through N-acetylation, O-
nucleotidylation, and O-phosphorylation of the 
drug as it transported across the bacterial 
cytoplasmic membrane.22 The alteration of the 
ribosomal target occurs due to the methylation 
of the 16s rRNA, which is where 
aminoglycosides bind to stop protein 
synthesis.22 The genes armA, rmtA, rmtB, 
rmtC, rmtD, rmtE, and npmA22, 28 all contri-
bute to this methylation.  

Acinetobacter baumannii is commonly 
found in intensive care units and is intrinsically 

resistant to antibiotics due to outer membrane 
protection, efflux pump system, and reduction 
of porins.29 In this study, A. baumannii was 
reported <1%; therefore, the validity of this 
study’s analysis will be skewed. Of the seven 
A. baumannii isolates recovered, 99.3% were 
sensitive to the extended spectrum cephalo-
sporins, 100% sensitive to levofloxacin, and 
100% sensitive to carbapenems. In comparison, 
the NHSN reported a total of 276 isolates from 
CAUTIs with 36.0% sensitive to the carba-
penems.5 In the Karlowsky, Hoban, et. al. 
study, 43 isolates of A. baumannii reported 
13.9% sensitive to extended spectrum 
cephalosporins, 11.6% sensitive to levo-
floxacin, and 18.6% sensitive to carba-
penems.26 This study indicated higher sensi-
tivities than those of the NHSN and Karlowsky, 
Hoban, et. al, studies, which can be contri-
buted to the low number of A. baumannii iso-
lates recovered in this study. However, the 
CDC susceptibilities reported in 2017, 25.0% of 
Acinetobacter isolates were sensitive to any 
extended-spectrum beta-lactam and 11.0% 
were sensitive to any fluoroquinolone, which is 
comparable to the NHSN and the Karlowsky, 
Hoban, et. al studies.30 

A. baumannii has become more resistant to 
antibiotic classes over the years due to beta-
lactamases, enzyme inhibition by AmpC ceph-
alosporinases, plasmid-acquired beta-lacta-
mases of the TEM, SHV, Cefotaxime (CTX-M), 
PER, BEV families, metallo-beta-lactamases of 
the IMP (blaIMP), VIM (blaVIM), SIM families, and 
Oxacillin (OXA)-type serine carbapenemases 
(blaOXA).22, 26, 27 Aminoglycoside resistance and 
quinolones and tigecycline resistance also 
occurs due to enzymatic inhibition by 
aminoglycoside modifying enzymes and efflux 
pumps, respectively.22  

Pseudomonas aeruginosa is known for its 
opportunistic infections in cystic fibrosis, 
cancer, and burn patients.29 In this study, 6.0% 
of the Central Alabama urine isolates 
recovered P. aeruginosa with 72.0% sensitive 
to gentamicin, 96.0% sensitive to tobramycin, 
68.0% sensitive to levofloxacin, and 90.0% 
sensitive to meropenem. In the NHSN study, P. 
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aeruginosa contributed to 10.3% of CAUTIs, 
with 78.9% sensitive to aminoglycosides, 67.4% 
sensitive to fluoroquinolones, and 76.1% 
sensitive to carbapenems.5 In the Karlowsky, 
Hoban, et. al. study, 55.2% of P. aeruginosa 
isolates were sensitive to levofloxacin and 
60.0% were sensitive to imipenem.26 The 
aminoglycosides, gentamicin and tobramycin, 
had a combined sensitivity of 84.0% and is 
comparable to the NHSN study; however, the 
aminoglycoside sensitivities in the NHSN study 
were not separated out to determine if the 
susceptibility rate for the aminoglycosides was 
due to the disparity between gentamicin and 
tobramycin as seen in Central Alabama. In 
addition, Karlowsky, Hoban, and et. al. study 
only used amikacin reporting for amino-
glycoside with a 75.2% sensitivity.26 However, 
all three studies with aminoglycoside suscep-
tibility are comparable. In contrast, when 
comparing the carbapenems, this study 
demonstrated a much higher sensitivity than 
what was reported in the other studies. 
Despite the higher sensitivity of P. aeruginosa 
in Central Alabama, concern over carbapenem-
resistant strains must remain a top priority 
because 2.0% - 3.0% of carbapenem-resistant 
P. aeruginosa strains carry a mobile gene that 
is easily shared between bacteria resulting in 
increased resistance of this species.30 In 
addition, P. aeruginosa resistance can also 
occur for other drugs. The beta-lactam drugs 
become resistant due to enzymatic inhibition 
by AmpC cephalosporinases, ESBL, and met-
allo-beta-lactamases; in addition, beta-lactam 
resistance occurs due to active efflux pump 
(MexAB) and reduced permeability of the outer 
membrane due to the loss of the OprD 
channel.22 The MexAB pump is one of the 
largest multi-drug resistant pumps in P. 
aeruginosa and contributes to fluoroquinolone, 
tetracycline, and trimethoprim resistance.22,31 
The aminoglycosides have resistance to P. 
aeruginosa due to enzymatic inhibition caused 
by aminoglycoside modifying enzymes, efflux, 
and ribosomal methlyation.22 

Enterobacter species are common isolates 
of UTIs and demonstrates resistance to 

antibiotics due to ESBLs and carbapenemases 
caused by VIM, OXA, metallo-beta-lactamases, 
and KPC (encoded by blaKPC).27 In this study, 
Enterobacter species was recovered at a rate 
of 2.3% with 92.0% sensitive to cefepime, 
92.0% sensitive to levofloxacin, 83.0% sensitive 
to ertapenem, and 100% sensitive to mero-
penem. In the NHSN study, Enterobacter 
species contributed to 3.7% of CAUTIs with 
59.5% sensitive to extended spectrum cepha-
losporins and 93.5% sensitive to carbapenems.5 
The Karlowsky, Hoban, et. al. study, reported 
61.0% sensitive to cephalosporins, 79.4% sensi-
tive to ertapenem, 86.1% sensitive to imipen-
em, and 76.4% sensitive to levofloxacin. This 
study only reported cefepime for the exten-
ded- spectrum cephalosporins, while the NHSN 
and Karlowsky, Hoban, et. al, studies reported 
cefepime, ceftazidime, and ceftriaxone for the 
extended spectrum cephalosporins, which can 
contribute to a discrepancy between the 
sensitivity of this study and published litera-
ture. 

Escherichia coli is the most isolated 
organism from urine cultures. 5 In this study, E. 
coli was recovered at 69.4% with 99.0% 
sensitive to the extended spectrum cephalo-
sporins, 82.5% sensitive to the fluoro-
quinolones, and 100% sensitive to the carba-
penems. In the NHSN study, E. coli contributed 
to 23.9% of all CAUTIs with 83.9% sensitive to 
extended spectrum cephalosporins, 65.2% 
sensitive to fluoroquinolones, and 98.9% sens-
itive to the carbapenems. Central Alabama 
recovered a higher percentage of E. coli, which 
contributed to this study by encompassing all 
urine culture isolates instead of only CAUTIs as 
reported to the NHSN. In addition, the 
susceptibility of E. coli in Central Alabama 
appeared to be more sensitive to the 
fluoroquinolones than isolates reported to 
NHSN. This is understandable as CAUTIs are 
considered complicated infections and can 
result in longer treatment plans and treatment 
failures.8 In the Global Antimicrobial Resis-
tance and Use Surveillance System (GLASS) 
through the WHO, 8.4% to 92.9% of E. coli 
isolates are resistant to ciprofloxacin, which is 
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commonly used to treat UTIs.32 In this study we 
observed that bacteria are more resistant to 
fluoroquinolones than to other antibiotic 
classes. 
 

Conclusion 
Escherichia coli was the most isolated organ-
ism from urine cultures submitted to a hospital 
system in Central Alabama and did not 
demonstrate an increased pattern of resis-
tance when compared to other studies. 
Overall, we can say the resistant patterns of 
the ESKAPE organisms isolated in the hospital 
system were comparable to those reported 
globally and nationally. However, despite 
Central Alabama having slightly higher 
sensitivity rates for the ESKAPE organisms 
when compared to the NHSN and the 
Karlowsky, Hoban, and et. al studies, these 

organisms should still be treated with concern 
because they are becoming resistant faster 
than new antibiotics introduced to the market. 
Therefore, due diligence must take place to 
conserve and appropriately use current anti-
biotics by implementing antibiotic stewardship 
programs in hospitals and providing physicians 
with education on proper antibiotic use in 
ambulatory settings. By maintaining focus on 
these organisms and developing ways to reduce 
resistance, the rate of resistance can be 
diminished to prevent increased mortality or 
morbidity. 
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Background: The COVID-19 pandemic had a wide range of effects on healthcare 
services, from disrupting normal patient flow to healthcare facilities to stressing 
and overwhelming healthcare resources. This study aims to evaluate the influence 
of COVID-19 on breast cancer diagnosis in a tertiary healthcare facility in Nigeria. 
Methodology: The study was a descriptive cross-sectional survey using data 
extraction. The study population comprised medical professionals at Lagos State 
University Teaching Hospital (LASUTH), including doctors, laboratory technicians, 
and scientists in the pathology, oncology, and general medicine departments. Data 
were analysed using IBM-SPSS for Windows version 28.0.  
Results: The study comprised 36 participants. They were predominantly males 
(63.9%), aged 20-30 (47.2%), attained tertiary education (100%), Christians 
(88.9%), married (66.7%), medical laboratory scientists (33.3%), and had 1-5 years 
of experience (58.3%). Although 88.9% of the participants said they were at risk of 
contracting COVID-19 due to exposure to patients at work, 11% of them said they 
did not. Even though 27.8% of the participants said they are not experiencing a 
lack of proper supply diagnostics materials/supplies due to the pandemic, 72.2% 
said they are experiencing it. Some respondents gave 60% positive feedback on the 
satisfactory level of patients during the pandemic, while others rated the feedback 
they got as poor. Most participants agreed that the pandemic has resulted in 
several practical challenges for the facility, including a lack of funding, poor 
patient turnout, longer waiting times for results, and inadequate personal 
protective equipment (PPE). 
Conclusion: This study showed that healthcare providers and patients were 
hampered by a lack of PPE, apprehension about contracting an infection, high 
costs, and incompetence during the pandemic.  
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Introduction 
Coronavirus disease 2019 (COVID-19) has been 
widespread at an alarming rate worldwide, and 
the tremendous load COVID-19 has placed on 
health systems has significant implications for 
cancer care.1  Although data are sparse, pati-
ents with cancer appear to be more suscep-
tible to infection-related complications, such 
as an increased requirement for ventilator 
support and increased fatality rates.2–4  Also, 
diagnosis may be delayed since screening 
programs and diagnostic services have been 
reduced in several nations. People fearful of 
infection have been less willing to seek 
healthcare services.5  Several clinical trials 
have been halted, limiting current treatment 
choices for patients who may have enrolled 
and jeopardising longer-term therapeutic 
development. 6 However, responding rapidly, 
healthcare professionals and management in 
several nations have reorganised cancer 
services and updated instructions for medical 
personnel and patients to limit the impact of 
COVID-19 on cancer care provision.7  

Patients with cancer must attend health-
care facilities more frequently than patients 
with other diseases due to the nature of the 
disease and its treatment.8 Treatment of can-
cer patients involves the active participation 
of multidisciplinary teams throughout the dise-
ase’s course, from diagnosis through survivor-
ship or end-of-life care.8 Throughout the dis-
ease’s course, patients require repeated hospi-
tal visits to be assessed by various doctors and 
to undergo numerous laboratory or imaging 
tests for diagnosis, staging, or monitoring ther-
apy effects, in addition to various surgeries 
and therapies.8 Besides medical professionals, 
cancer patients require the assistance of 
various other professionals, including social 
workers, psychologists, educators, and other 
support services.8 Patients diagnosed with can-
cer require ongoing monitoring and assistance 
throughout and after treatment.1 These servi-
ces must operate in unison and on time, with a 
high level of dedication and compliance from 
patients to maximise patient benefit because 
any slight divergence from well-established 

standards may result in fragmented and low-
quality treatment, as well as a worse patient 
outcome.5,9  

The COVID-19 pandemic had a wide range 
of effects on healthcare services, from disrupt-
ing normal patient flow to healthcare facilities 
to stressing and overwhelming healthcare 
resources, and ultimately leading to the imple-
mentation of additional protective measures 
and social isolation through increased use of 
telehealth and virtual medicine.10 Patients 
with cancer, including breast cancer, are a vul-
nerable demographic.11 During pandemics, 
they face various risks, including increased sus-
ceptibility to life-threatening infections and 
interruptions in their treatment or regular me-
dical care.10  As a result, oncologists have fac-
ed significant difficulty balancing the admini-
stration of high-quality continuous unbroken 
cancer care to decrease patients’ risk of 
exposure.9,12 The pandemic’s detrimental im-
pact is most significant in low- and middle-
income nations, where resources are scarce, 
infrastructure is inadequate, healthcare pers-
onnel and organized care teams are insuf-
ficient, medical supplies and PPE are low, and 
technology is scarce—resulting in a deficiency 
in the provision and delivery of critical 
care.12,13 If left unchecked, the pandemic’s 
access barriers to oncology care would exacer-
bate existing cancer-preventative, diagnostic, 
and treatment gaps, ultimately worsening the 
region’s total cancer disease burden, morbid-
ity, and death. This study aims to evaluate the 
influence of COVID-19 on breast cancer diag-
nosis in a tertiary healthcare facility in Nigeria. 

 

Methodology 
Study Design 
This study design included the use of breast 
cytology and histopathology data, which were 
extracted from Lagos State University 
Teaching Hospital (LASUTH). These data were 
extracted to determine the trend and challen-
ges of cancer diagnosis during COVID-19 
compared to before the COVID-19 outbreak. 

 

Study Location 
The study was conducted at Lagos State 
University Teaching Hospital (LASUTH) in 
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Lagos, Nigeria. Lagos is the most populous 
state in Nigeria. The metropolitan area 
originated on islands, including Lagos Island, 
protected from the Atlantic Ocean by sand 
spits. However, the city has expanded onto the 
mainland west of the lagoon, with Ikeja, the 
capital of Lagos, and Agege over 25 miles 
northwest of Lagos Island. Lagos's population is 
estimated at 21 million, making it the largest 
African city.14  

 

Study Population 
The study population comprised medical 
professionals at LASUTH, including doctors, 
laboratory technicians, and scientists in the 
pathology, oncology, and general medicine 
departments.  

 

Data Source 
Existing data on breast cytology and 
histopathology from the facility were 
extracted to get information about the impact 
of the COVID-19 pandemic on breast cancer 
diagnosis. 

 

Sample Size 
The sample size for this study is comprised of 
36 respondents randomly selected from three 
departments in the facility. 

  

Data Analysis 
After the extraction of data procedure, the 
data was processed using the IBM-Statistical 
Package for Social Sciences (IBM-SPSS) version 
28.0 for Windows IBM Corp., Armonk, N.Y., 
USA. The descriptive data included the resp-
ondents’ sociodemographic characteristics and 
the impacts the COVID-19 pandemic has had on 
cancer diagnosis. Data were described as per-
centages/proportions, mean/average, and sta-
ndard deviation and presented as charts or 
tables. 

 

Inclusion and Exclusion Criteria 
Pathologists, technicians, doctors, and scien-
tists that work at LASUTH are included in this 
study, while non-medical professionals and 
non-medical staff at LASUTH were excluded.  

Ethical approval 
Before the study commencement, authori-
zations were sought from the Lagos State 
University Teaching Hospital, the covered 
area’s administrative and health authorities. 
The study received authorization with the 
approval number LREC/06/10/1913. Before 
participating in the study, the research team 
confirmed that all respondents willingly and 
with informed permission. Informed permiss-
ion was established using signed consent forms 
securely stored with completed questionnaire 
forms. Skilled data collectors did each study 
with extensive experience collecting data in 
LASUTH. Additionally, all study supervisors and 
note-takers received training on research 
ethics and consent processes.  

 
Results 
Sociodemographic profile of the study 
respondents 
As shown in Table 1, more than three-fifths of 
the respondents, 23 (63.9%), were male, and 
13 (36.1%) were female. Half, 17 (47.2%) of the 
respondents were between 20 and 30 years, 
36.1% were between 31 and 40 years, and 
16.7% were between 41 and 50. All the 
respondents (100%) had tertiary education, 
66.7% were married, and 33.3% were single.  

Most of the respondents, 32 (88.9%), were 
Christian, and 11.1% Muslim; 6 (16.7%) were 
general medicine practitioners, 8.3%  health 
administrators, 33.3% medical laboratory 
scientists, 11.1%  nurses, 5.6% were an oncolo-
gist, 11.1% apathologist, and 13.9% a physio-
therapist. More than half, 21 (58.3%) of respon-
dents had 1–5 years of experience, 33.3% had 
6–10 years of experience, and 8.3% had more 
than ten years of experience.  

 

Impact of COVID-19 on diagnostic processes  
As shown in Figure 1, 32 (88.9%) respondents 
said they were at risk of contracting COVID-19 
due to their exposure to patients at work, 
while 4 (11.1%) did not. 
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Table 1. Sociodemographic profile of the study respondents 
Variable Parameters Frequency Percent 

Gender 
Female 13 36.1 
Male 23 63.9 

Age 
20 - 30 years 17 47.2 
31 - 40 years 13 36.1 
41 – 50 years 6 16.7 

Education Tertiary 36 100 

Marital status 
Married 24 66.7 
Single 12 33.3 

Religion 
Christianity 32 88.9 
Islam 4 11.1 

Field of 
practice 

General medicine 6 16.7 
Health Administration 3 8.3 
Medical Laboratory Science 12 33.3 
Nursing 4 11.1 
Oncology 2 5.6 
Pathology 4 11.1 
Physiotherapy 5 13.9 

Years of 
experience 

1 - 5 years 21 58.3 
6 - 10 years 12 33.3 
> 10 years 3 8.3 
> 10 years 3 8.3 

Total  36 100.0 
 

 
Figure 1. Respondents who see themselves at risk of 
contracting COVID-19 infection due to exposure to 
patients and others at work 
 

 
Figure 2. Facility breast samples diagnosis during the 
COVID-19 pandemic 

Facility breast samples diagnosis during the 
COVID-19 pandemic 
As shown in Figure 2, most respondents said 
the facility could continue with breast sample 
diagnosis even during the COVID-19 pandemic. 

 

Effect of COVID-19 on the supplies of 
diagnostics materials 
As shown in Figure 3, when asked if they are 
experiencing a lack of proper supply diagnos-
tics materials/supplies due to the pandemic, 
26 (72.2%) said yes, and 10 (27.8%) said no. 

 

Analysis of breast data. Variation in breast 
sample diagnosis before and during the COVID-
19 pandemic  
As shown in Figure 4, the total breast samples 
tested increased by 39 (8.2%) from 2018 (474) 
to 513 in 2019. However, the number 
decreased by 172 (33.5%) in 2020 when the 
COVID-19 pandemic started, with a six-month 
lockdown. In 2021, the total number of breast 
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samples tested increased from 341 to 380, 
accounting for an 11.4% increase.  

 

 
Figure 3. Effect of COVID-19 on the supplies of 
diagnostics materials 
 

Figure 4. Variation in breast disease diagnosis with years 
(2018 – 2021) 
 

The diagnosis results showed a steady 
decrease in breast benign from 237 in 2018 to 
149 in 2021, representing a 37.1% decrease 
during the COVID-19 pandemic. Similarly, 
malignant cases increased from 237 in 2018 to 
277 in 2019 but reduced to 188 in 2020 and 231 
in 2021. 
 
Table 2. Variation of breast disease diagnosis before and 
during the COVID-19 pandemic  

As shown in Table 2, a total of 1708 valid 
breast samples were tested in four years (2018–
2019 - before and 2020-2021 – during the COV-
ID-19 pandemic). Of this, more than half, 987 
(57.8%) samples were tested before and 721 
(42.2%) during the pandemic. Similarly, breast 
514 (555.1%) malignant and 473 (61.0%) benign 
were diagnosed before COVID-19 compared to 
44.9% malignant and 38.0% benign during the 
pandemic. The odds of cancer diagnosis were 
1.28 (95% CI = 1.05 – 1.55, P = 0.013), higher 
than before the pandemic. 

 

 
Discussion 
The study's primary purp-
ose was to investigate how 
COVID-19 affected cancer 
detection. The pandemic's 
interruptions to cancer 
services have been espe-
cially severe in low-res-
ource contexts, such as 
many African nations and 
other low-middle income 
countries.6,9,15,16 It is ext-
remely challenging for me-
dical oncologists to cont-
inue meeting the needs of 

their patients and staff during this unprece-
dented epidemic.  Preliminary data reveals 
that cancer patients may be at a considerably 
higher risk of COVID-19-related disorders.17 
Most of the participants in this study are males 
between the ages of 20 and 30; they have all 
finished post-secondary education, are marr-
ied with children, in general, practice medi-
cine, and have between one and five years of 
experience. The selection process may contri-
bute to the difference in socioeconomic status 
indices.  

 

Impact of COVID-19 on 
diagnostic processes 
When asked how they 
were exposed to the risk 
of contracting COVID-19, 
most respondents (88.9%) 
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highlighted their close interactions with 
patients during the cancer diagnostic process. 
Dhada et al.18  reported a similar issue in their 
Systematic Review of cancer patients and 
carers, which is consistent with the current 
study's findings.18 According to their findings, 
incomplete therapy, COVID-19-related issues, 
and the resulting consequences on partici-
pants' mental and emotional health were all 
sources of worry in the studies included in their 
meta-analysis.18 As a result, cancer screenings 
were discontinued, regular oncology appoint-
ments were cancelled, and treatment was 
postponed, all of which contributed to 
increased stress and worry, demonstrating a 
terrible lack of disaster preparedness.19 

 

Facility breast samples diagnosis during the 
COVID-19 pandemic 
The outbreak is expected to influence the 
diagnosis of breast samples. On the other 
hand, the findings of this study suggested that 
the great majority of laboratories stayed open 
during the pandemic and continued testing on 
breast tissue samples. According to Elghobashy 
et al.20 and Nnaji & Moodley21, COVID-19 subst-
antially influenced diagnosis, which contra-
dicts their findings. Early detection program-
mes have been halted worldwide because of 
worries about the spread of COVID-19 in 
healthcare settings.22,23 This effect is expected 
to be more evident in low-resource settings 
due to weak infection control strategies and 
resource constraints in providing PPE, cancer 
screening, and diagnostic services.21 Due to the 
pandemic, routine breast sample procedures 
have been postponed in Ghana and Nigeria.9,24 
To minimise the spread of the COVID-19 virus 
and decrease demand for medical services, 
cancer patients are frequently encouraged to 
delay or postpone treatment, and hospitali-
zation is discouraged.5,9,25 However, this can 
be hazardous to patients' health since delays in 
cancer diagnosis or treatment have the poten-
tial to negatively impact patient outcomes, 
such as the chance of a late diagnosis, the 
spread of the illness, and the progression of a 
tumour from treatable to incurable.26–28  

 

Effect of COVID-19 on the supplies of 
diagnostics materials and availability of PPE.  
Participants in this research overwhelmingly 
blamed a lack of diagnostic equipment and 
personnel at the clinic during the outbreak. 
Furthermore, there were wide discrepancies in 
how much PPE was available at any one time 
during the pandemic. When asked about the 
availability and quantity of PPE, some resp-
ondents felt it was inadequate, while others 
felt it was fair or suitable. A rise in demand 
resulted in a shortage of PPE, which increased 
costs and reduced supply. Perhaps this is the 
result of travel bans that have hurt the 
economies of many nations. Similar results 
were found by Khot29 when they investigated 
healthcare supply bottlenecks. Amid the wide-
spread spread of COVID-19. Khot29 claims that 
the COVID-19 epidemic has wreaked havoc on 
the global healthcare supply chain, leading to 
a scarcity of raw materials and significant price 
hikes. That's because, as Khot29 explains, the 
worldwide grounding of aeroplanes and the 
prohibition of cross-border travel and cargo 
have seriously disrupted the global transport-
tation infrastructure.29 According to Reyn-
olds30’s findings, the global supply chain has 
been significantly disrupted by the 68 nations 
that have banned shipments of personal 
protective equipment supplies owing to the 
pandemic.30 

 

Variation in breast sample diagnosis before 
and during the COVID-19 pandemic  
The findings of this study demonstrated 
substantial changes in the diagnostic accuracy 
of breast cancer samples collected before and 
after the COVID-19 outbreak. There was steady 
growth before the outbreak, despite more 
samples being analysed before the pandemic's 
commencement in 2020. Similarly, there was a 
37.1 percent decrease in benign breast diag-
noses throughout the outbreak. Malignant 
cases also declined throughout the pandemic, 
matching the trend seen before and after the 
epidemic. The lockdown may have deterred 
breast cancer women from obtaining medical 
treatment, explaining the disparity. People's 
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unjustified fear of contracting the virus may 
add to the disparity. Lowry et al.31 reported 
that declines in cancer diagnoses during the 
pandemic were primarily due to declines in 
screen-detected cancers, which was consistent 
with previous work.32–34 The pandemic had a 
greater impact on screening than diagnostic 
breast imaging. Although monthly screening 
levels recovered to normal by the summer of 
2020, rescheduling missed mammography ex-
ams earlier in the pandemic would demand 
higher-than-average imaging volumes to comp-
ensate for the shortage in cancer diagnoses.35 

According to Angelini et al.36, cancer screening 
and diagnosis were among the several medical 
services that had to be halted owing to the 
limitations imposed to battle the pande-
mic.33,37 As a result, fewer cancer tests and 
detection would be performed during the out-
break. Cancer diagnoses and diagnostic tests 
exhibited a U-shaped declining trend during 
the pandemic, with a negative peak in April 
2020, when most governments around the 
world instituted quarantine measures to limit 
the disease. Angelini et al.36 discovered that 
the number of cancer diagnoses decreased by 
37.3% between 2010 and 2012, while the 
number of diagnostic tests decreased by 
27.0%.36 

 

Limitations 
It is possible that the findings of this study are 
not reflective of the breast cancer population 
in Nigeria. This study focused primarily on the 
influence of COVID-19 on breast cancer diag-
nosis and was carried out in an environment 
with limited resources. Consequently, further 
research should evaluate larger regions and 
the impacts of COVID-19 on breast cancer 
patients, such as those genetically susceptible 
to mental illness and clinical depression. 

 

Conclusions 
This study analysed the effects of the COVID-
19 pandemic on breast cancer screening in a 
low-resource nation. The findings show that a 
shortage of medical staff frequently caused 
increased patient volume due to a lack of 
willingness to show up to work or a lack of 
proper medical equipment. Lack of PPE, fear 
of catching an illness, high prices, and inexp-
erience inhibited healthcare providers and 
patients. As a result, it's crucial to furnish the 
healthcare industry with adequate funds, pers-
onnel, and supplies to suit the needs of patien-
ts and staff. In addition, information exchange 
and coordination among healthcare pract-
itioners are vital for delivering high-quality 
patient treatment and decreasing workloads. 
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Objective: The aim of this study was to investigate if there is a lack of professionals 
in the Nordic countries as well as the prognosis for the future in relation to 
educational output. In addition, the study aimed to investigate the Nordic 
professional’s point of view on how to make the profession attractive, what career 
opportunities that are needed and what role the BLS should have in the future 
healthcare setting. 
Materials and methods: Data for each country were provided from reports. 
Professionals present at the NML congress 2023 were invited to discuss questions 
related to the lack of BLS. Answers were collected, summarized, and grouped in 
themes. 
Results: Three of four Nordic countries report current and future challenges in BLS 
workforce and a substantial amount of BLS in the Nordic countries are 50 years or 
older. Despite efforts where admissions to the universities have increased, the 
amount of examinates has not increased proportionally. Professionals identifies a 
need for making the profession more attractive highlighting career opportunities, 
professional visibility, salary increase, and task-shifting.  
Discussion: We have identified several threats to the sustention of BLS in 
healthcare today and in the future in the Nordic countries. This includes high 
retirement numbers, drift towards working in the private sector, as well as low 
salaries and lack of career opportunities. In this study, the profession has provided 
useful insights on how to make the profession more attractive including increased 
visibility,  provide  career  paths,  and distinguish what the BLS competence is and  
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can be in the future.  
Conclusion: We have identified several future arenas for the profession that can 
attract students to educations, keep professionals in healthcare, and secure high  
quality in diagnostics. To succeed, we need stronger linkage between the 
profession itself, educational institutions, healthcare employers, and professional 
organizations. 
 
Abbreviations:  
Biomedical laboratory scientist (BLS) 
Nordisk Medisinsk Laboratoriegruppe (NML) 
 
Keywords/MeSH terms:  
Scandinavian and Nordic Countries, Medical Laboratory Personnel. 
 

Introduction 
A total of almost 28 million people reside in the 
Nordic Region (Sweden, Norway, Finland, 
Denmark, and Iceland). In the last 20 years or 
so, there has been an increase in the 
population by 13%. As in many other European 
countries, the populations are growing older 
and older. In 2022, 20% of the population was 
65 years of age and above. This number is 
expected to rise to 25% in 2040. Hence, there 
are more citizens requiring healthcare and 
individuals are living longer.1 A consequence of 
this is higher demands on healthcare and 
subsequently on laboratory testing and clinical 
physiological examinations. 

In the Nordic countries, biomedical 
laboratory scientists (BLS) work in laboratory 
medicine as well as in clinical physiology. 
Qualifications after education are provided 
through a license to practice. This guarantees 
patient safety and qualifications to provide 
high quality diagnostic testing/examinations 
and reporting.2 Biomedical laboratory medic-
ine is a field that is developing rapidly due to 
improvements in medicine, methodology, and 
technology. Adaption to new scenarios, tech-
niques and circumstances have shown to be 
crucial for the profession, especially in the 
context of the COVID-19 pandemic where BLS 
all over the world provided life-saving diagno-
stic testing. New methods and instrumentation 
were implemented rapidly, demanding skills in 
technology, validation, and adaptation.3 

Educated within laboratory medicine or 
clinical physiology, Nordic BLS work in both 

specialized healthcare as well as community 
health centers and in single clinics. Pro-
fessionals in laboratory medicine have compet-
encies in different areas such as transfusion 
medicine, clinical chemistry, microbiology, 
immunology, pathology, genetics, and phle-
botomy. Clinical physiology also includes 
knowledge and skills in ultrasound, neuro-
physiology, and nuclear medicine. Speciali-
zation requires further studies and experience 
but is defined different depending on the 
country.  

A challenge and opportunity for the pro-
fession in healthcare is the concept of task 
shifting. This can include letting go of some 
tasks and including more specialized ones. 
Task shifting may be a natural consequence of 
a profession as it changes and develops 
throughhout the years. However, recent task 
shifting for the BLS profession has been a 
necessity due to shortage of personnel at many 
laboratories. Other professions may then come 
into the laboratory because there are problems 
in recruiting BLS but also because of separating 
specific tasks to other healthcare staff.  

To keep professionals in healthcare, there 
is a need for clear pathways that should result 
in career development and salary increases.4 
Industry and private actors may recruit from 
well-educated and experienced professionals 
as well as from the younger generation that are 
eager for change and opportunities. Work life 
conditions also play a crucial role, where the 
reason for working part time has shifted from 
family reasons to stress and exhaustion.  
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As described, the Nordic countries have 
challenges ahead when it comes to diagnostic 
services, keeping professionals in the public 
healthcare as well as ensuring good work life 
conditions. In this study we aim to summarize 
the Nordic situation for BLS and discuss pot-
ential solutions. 
 

Aim 
The aim of this study was to investigate if there 
is a lack of professionals in the Nordic coun-
tries as well as the prognosis of professionals 
in the future in relation to educational output.  

In addition, the study aimed to investigate 
the Nordic professional’s point of view on how 
we can make the profession attractive, what 
career opportunities that are needed and what 
role the BLS should have in the future health-
care setting.  
 

Material and methods 
Data on professional workforce, education 
numbers and prognostic data for each country 
were provided from reports collected from 
each Nordic country (Denmark, Finland, Nor-
way, and Sweden). 

Professionals were invited to participate in 
a lecture and workshop at the Nordisk Medi-
sinsk Laboratoriegruppe (NML) congress 2023 in 
Oslo Norway. The activities were hosted by the 
Swedish institute of biomedical laboratory sci-
ence (IBL) and Vårdförbundet - the Swedish 
association of health professionals. As part of 
the program, participants were asked to 
answer the following mentimeter questions 
using www.menti.com: 
• is there a shortage of BLS in your country?  
• are BLS replaced by other professions? 
• do you have good career possibilities for 

BLS in your country?  
Following the lecture, round table discussions 
were held to discuss the following questions: 
• what can we do to make the profession 

attractive?  
• what should the BLS role be when other 

professions come into the laboratory?  
• what career opportunities do we need in 

the profession? 

Answers from the round table discussions were 
collected, summarized, and grouped according 
to themes.  

Participation was voluntary and data 
collection anonymous. Initial mentimeter 
questioning was performed with no 
information on who participated. Round table 
discussions were performed in person, but the 
collected answers where not connected to 
table, participant, or country.  
 

Results 
Professionals in the Nordic countries 
In total, there are almost 30,000 (29,687) 
educated BLS in Denmark, Finland, Norway, 
and Sweden. Among those, approx. 75% 
(22,176) work in healthcare (Table 1). In 
Denmark, 16% of BLS-positions have other prof-
essionals assigned and in Finland some regions 
have reported a shortage of BLS.5,6 In Norway, 
the increase of BLS positions is less than the 
increased need of BLS and there is a shortage 
of BLS in all regions.7 In Sweden, all regions (21 
of 21) reported a lack of BLS in 2022.8  
 
Table 1: Numbers of biomedical laboratory 
scientists in four Nordic countries 
 

 

 
Denmark5 Finland* Norway12 Sweden13 

Total work-
force BLS 

6700 5300 7482 10 205 

BLS in 
healthcare 

4975  
(74%) 

3900 
(74%) 

5423 
(73%) 

7878 
(77%) 

 

* Data collected from KEVA [Internet, cited 2023 
nov 24] Available at https://www.keva.fi/en/ 
 
Future perspectives and retirements 
Three of four Nordic countries report future 
challenges in BLS workforce. According to the 
Finnish report from KEVA, in 2023 the shortage 
of BLS was 778 BLS and in 2032 there will be a 
shortage of about 20%.6 Predictions from 
Norway show that the shortage in 2040 will be 
between 800 and 1200 BLS.9 Numbers from the 
Swedish higher education authority project a 
shortage of 20% by 2035.10.  
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In Denmark, 32% of the BLS are over 50 
years of age and in Finland 26.5% are 55 years 
or older.5,11 In Norway, 22% are 55 years or 
older and Swedish data show that 36% of the 
professionals are 55 or older.12,13  

Professionals in Denmark are increasingly 
recruited to the private sector (industry) with 
an increase of 61% from 2005 to 2021.5 In 
Finland, 38% of BLS work in private sector 
2021.11 In Norway, around 7% of BLS working in 
healthcare, are employed in private labora-
tories.9 In Sweden, the trend for working in 
private healthcare has been relatively constant 
during 2007-2021. For working in the private 
sector in other areas there has been a sharp 
increase of over 200%.13  

The number of professionals in health care 
who have part time positions is reported to be 
20% in Denmark, 17% in Norway and 25% in 
Sweden.5,12,14  
 

Education  
There are six professional BLS bachelor educat-
ions in Denmark. Students study 3.5 years and 
during the last 13 years there has been an 
increase in applications and in accepted 
students (from 400 accepted students in 2013 
to 500 students in 2023). More students gradu-
ate but not relatively compared to the incr-
eased numbers of acceptance. In 2022, 294 BLS 
graduated from the Danish educational pro-
grams.15 

In Finland, BLS are trained in six universities 
of applied sciences, for 3.5 years. In 2022, 342 
new students were accepted and 222 
graduated. Statistics show that 60% of accept-
ed students will graduate in 3.5 years, 68% in 
4.5 years, and the examination rate is 73% 
after five years.16 In Finland, admission numb-
ers have increased recently, but the students 
have not yet graduated.  

Until 2021, there were seven universities 
providing a three-year bachelor’s and professi-
onal degrees in Norway. In 2021, yet another 
university started offering the program. From 
2016 to 2020 there was a slight increase in the 
number of accepted students (8% increase 
from 380 to 410). The increase in accepted stu-
dents did not provide a higher number of 

graduates. The graduation rate after three ye-
ars of study was 68% in 2019, whereas in 2023, 
it was 63%. The drop-out rates were 20% and 
26%, respectively. From 2021, there was an 
additional increase in the number of accepted 
students due to the newly offered program, 
and the number increased to 435. In 2023, 
there were a total of 480 new students accep-
ted (an increase of 26% from 2016 to 2023).17 

Swedish universities (n=11) provide a 3-year 
bachelor and professional degree and have 
increased the numbers of accepted students, 
from 370 students in 2006 to 580 students in 
2020. The number of examined professionals 
has not followed this increase. Of students who 
started their studies in 2006, 70% of the women 
and 54% of the men were examined while of 
those starting 2016, 58% of the women and 50% 
of the men followed through until gradu-
ation.18 

In all four countries there are options for 
further university education. A master’s deg-
ree can be BLS topic-specific (Denmark, Swe-
den, Norway) or related to medicine, public 
health or other. PhD education is also possible 
but requires part of the master’s level edu-
cation according to the Bologna model of high-
er education. 
 

The professionals’ point of view 
The following results are based on data from 
the lecture and workshop at the NML congress 
2023 in Oslo Norway. First, participants were 
asked to answer three questions related to 
shortage of the profession using a mentimeter 
analysis tool. 

All participants (n=52) stated that there 
was a lack of BLS in their country. Six out of 58 
(10%) reported that BLS are replaced by other 
professionals. Approximately half of the part-
icipants (52%: 32/61) reported that there are 
career possibilities for the professions. 

These findings inspired follow up questions 
that were discussed at a round table format. 
We encouraged participants to think outside of 
the box and discuss a desirable professional 
future. A total of 73 different suggestions in 
relation to the questions asked at the round 
table discussions were collected. The most 

44 



International Journal of Biomedical Laboratory Science (IJBLS) 2024 Vol.13 No.1: 41 - 49 

popular topic to be discussed was how can we 
make the profession attractive? 

Increased visibility of the profession was 
mentioned in several groups, mainly towards 
the community in general. The profession itself 
needs to tell others about who they are and 
why the profession is great. A positive 
storytelling was mentioned and there were 
also interesting ideas such as rebranding of the 
profession and creating TV-shows. It was also 
mentioned that it would be interesting to show 
what will happen in the healthcare system 
without BLS, particularly in relation to the 
recent pandemic. Additional examples to 
enhance the visibility included to do more 
research projects, publish, and to introduce 
students to research early on.  

Another noted theme among the responses 
was career opportunities such as introduction 
programs and clear career pathways. 
Retention of staff was mentioned by several 
groups and that it must be worthwhile to stay 
at the workplace. Salary increase should be 
coupled to competence and there should be 
differentiation between tasks and respons-
ibility providing career development.  

The expectations of students and younger 
colleagues was also discussed. There is a need 
to better understand the new generation and 
the demands on the workplace. Mentorship 
was also mentioned as a way of educating new 
colleagues and students. 

Another interesting output from the 
discussions was a suggestion of a separate shor-
ter technical education to complement BLS in 
the laboratories and that BLS could aim for a 
master’s degree.  

The second discussion topic related to, 
what should the BLS role be when other 
professions come into the laboratory? There 
was a consensus that tasks related to sample 
registration, sample transportation, ordering 
supplies and repacking could be performed by 
other professionals. Also, phlebotomy was an 
example of a task that could be vacated. It was 
clear from the discussions that quality control 
of laboratory procedures and testing was to 
remain a responsibility of the BLS. Diagnostic 

partnership was discussed as a potential new 
role for the BLS.  

The third discussion topic was, what career 
opportunities do we need in the profession? 
Besides the concept of career pathways, the 
groups discussed positions such as lead scien-
tist, manager, and combined positions betwe-
en laboratory and academia. Continuous prof-
essional development (CPD) was considered 
important as well as trainee opportunities.  
 

Discussion 
This study aimed to investigate if there is a 
lack of professionals in the Nordic countries 
and to investigate the Nordic professional’s 
point of view on the current and future 
situation of BLS.  

The data indicates that there is a confirmed 
shortage of BLS today and in the future in 
Finland, Norway, and Sweden. There is no 
national data from Denmark supporting a 
shortage of BLS, but reports show that 16% of 
BLS-positions have other professionals assign-
ed, indicating either a lack of professionals or 
a drift of workforce to other areas.5 Working in 
the private sector is an option for the BLS, both 
in industry and in healthcare, and in Sweden 
there has been a sharp increase of over 200% 
(2007-2021) for working in the private sector 
(healthcare excluded).13  

A substantial amount of BLS in the Nordic 
countries are 50 years or older, especially in 
Sweden where 36% of the professionals are 55 
or older.13 Hence, the growth and maintaining 
sufficient practicing BLS is strongly dependent 
on educating new professionals. Despite eff-
orts in Denmark, Norway, and Sweden, where 
admissions to the universities have increased, 
the amount of examinates has not increased 
proportionally. A considerable amount of BLS 
work part time, between 17-25%. 

Considering the data there are clearly 
identifiable challenges ahead. It is of utmost 
importance that BLS’s are retained in health-
care, that students are recruited to educations 
and the profession be attractive enough for a 
stable career choice. Also, from the round 
table discussions, the professional voice 
emphasizes the need for making the profession 
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more attractive highlighting career oppor-
tunity and subsequently salary and respons-
ibility increase.  
 

Education and Career Development 
Despite increased admissions to BLS programs, 
the numbers of examinates do not follow. 
Hence, only increasing the number of admis-
sions seems not to be the way to solve the 
problem. A substantial number of students do 
not finish their studies and some need longer 
periods to do so. Language barriers and lack of 
study techniques have been discussed as 
contributing factors to this issue, unfor-
tunately also leading to a lot of instructor or 
faculty effort being directed towards activities 
other than teaching of the biomedical 
laboratory sciences. It is also worth mentioning 
that if there is a desire to increase admissions 
there needs also to be clinical internships 
available. However, if there is a lack of BLS 
there is also a lack of internship supervisors. 
Teaching staff, laboratory facilities and fin-
ances also influence the possibility of more 
admissions. 

There are options for further university 
education in all four countries. The absence of 
regulated specialist education in Sweden, 
despite positive attitudes from professionals 
and students, highlights a significant gap in 
career development opportunities for BLS.4 In 
Norway and Denmark, BLS can do a master’s 
program and there are a few programs esp-
ecially suitable for BLS. In Finland, there are 
masters available but not yet specifically for 
the BLS profession. These educational oppor-
tunities are crucial for attracting more 
students to the BLS profession and retaining 
professionals in healthcare by offering clear 
pathways for career advancement. However, 
the lack of national regulation or recognition 
of these qualifications across regions can limit 
mobility and career progression for BLS, 
undermining the attractiveness of the prof-
ession.  

Among the professionals that participated 
in answering questions on Mentimeter, 52% 
estimated career paths to be present for the 
profession. While this may encompass various 

forms of development beyond university edu-
cation and specialist training, discussions 
underscored the importance of linking career 
paths with salary increases. The conditions for 
BLS, including low salaries and the absence of 
defined career paths and professional develop-
ment opportunities, have led many professio-
nals to leave the field for other careers. In a 
survey performed by IBL in 2022, professionals 
in private sector underscored that salary and 
career development is a significant reason for 
leaving the public sector.19 In Sweden, BLS 
have lower salaries compared to other similar 
healthcare professionals as well as negative 
lifetime earnings, underscoring the urgency of 
addressing these disparities.20 Such conditions 
not only devalue the profession, but also 
jeopardize the sustainability of healthcare 
services that rely on the critical functions 
performed by BLS. Salary is likely to be a 
significant factor, especially in retaining 
qualified BLS in the field. 

In the study discussions, career develop-
ment in terms of new roles as lead scientist, 
manager and combined positions between 
clinic and academia were discussed as 
possibilities that could attract and keep 
professionals in healthcare. It was also disc-
ussed that the younger professionals have 
different expectations on a future workplace. 
Young people may consider salary as the basis 
for their choice of study and the younger 
generation also values the opportunity to 
influence their own working hours (flexibility). 
While work still plays an important role, the 
younger generation expects a better work life 
balance. They are perhaps more direct on their 
expectations on a future workplace and may 
also be more open to changing careers and 
employers. If the laboratory profession is to 
attract the younger professionals, the 
profession needs to meet and include the 
younger generations in the shaping of the 
future healthcare.  
 

Task Shifting  
The need and the current practice of task 
shifting was discussed in relation to the BLS 
role when other professions come into the 
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laboratory. The concept of task shifting is not 
new but something that has been evident for 
several years, and in many disciplines. In 
pathology for example, task shifting has ens-
ured patient treatment in small hospitals in 
Norway. In especially the northern part, there 
are long distances between hospitals and few 
BLS, therefore nurses or other trained health 
care professions do frozen sectioning and 
staining, followed by evaluation through tele-
pathology/digital pathology.  

Task shifting includes letting go of some 
tasks and well as taking on new ones. Sample 
registration, sample transportation, ordering 
supplies, and repacking were identified as 
tasks that could easily be performed by other 
professionals. Blood sample collection was also 
discussed as something that could be provided 
by other healthcare professionals and is 
already delegated to nurses and practical 
nurses in Norway and Finland. Additionally, 
and another example of task shifting is that 
porters in Norway are trained and tested in 
blood sampling. In Sweden, there are local 
initiatives where assistant nurses are provided 
with education and training to specialize in 
laboratory medicine. However, the pre-analy-
tical knowledge is considered an important BLS 
competence. Other disciplines where task 
shifting, or interdisciplinary work is impleme-
nted are in medical genetics, nuclear medi-
cine, and blood banking. The new roles can be 
seen as a result of technological and diagnostic 
progress. New explorative areas for the future 
BLS include working in municipality settings, 
diagnostic partnership, research work, and 
working with artificial intelligence (AI). 

The concept of diagnostic partnership lev-
erages BLS's specialized knowledge in labora-
tory analyses, sampling, handling, and storage 
of biological samples to ensure reliable diag-
nostic processes. Their expertise in quality 
assurance further guarantees that laboratory 
equipment and analytical results meet the 
applicable standards. As diagnostic partners, 
BLS can significantly contribute to healthcare 
teams by enhancing the quality of sampling, 
handling of biological samples, and ultimately 
improving patient care. This expanded role 

requires a reevaluation of the current task 
distribution within healthcare settings, advo-
cating for BLS to undertake more specialized 
tasks that align with their expertise. It 
emphasizes the necessity for BLS education 
and training programs to incorporate modules 
on interprofessional collaboration, diagnostic 
decision-making, and communication skills.  

The integration of AI and digitalization in 
healthcare presents unique opportunities and 
challenges for the BLS profession. AI appli-
cations in laboratory medicine can streamline 
workflows, enhance diagnostic accuracy, and 
predict patient outcomes more efficiently. 
However, this technological advancement also 
necessitates a shift in the skill set required 
from the BLS. To remain relevant and maxi-
mize the potential of AI and digital tools, BLS 
must acquire proficiency in digital literacy, 
data analysis, and the ethical considerations of 
AI use in healthcare. Educational programs for 
BLS might need to adapt to these changes by 
incorporating courses on information techn-
ology, data management, and AI applications 
in healthcare. This will prepare future BLS for 
a healthcare environment where digital tools 
are integral to laboratory operations and diag-
nostics. Additionally, continuous professional 
development opportunities in these areas 
should be available for current BLS to ensure 
the workforce is equipped to navigate the 
digital transformation in healthcare. Further-
more, the role of BLS in the development, vali-
dation, and implementation of AI-driven diagn-
ostic tools highlights their potential as 
innovators in the field. By engaging BLS in 
interdisciplinary research teams focused on AI 
and digital health solutions, their expertise can 
inform the development of technologies that 
are both clinically relevant and aligned with 
laboratory practices.  
 

Visibility 
Increased visibility of the profession was 
thoroughly discussed from different aspects 
and in relation to making the profession more 
attractive. There were plenty of interesting 
suggestions and it was clear that this is not the 
sole responsibility of others but also of the 
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profession itself. If BLS cannot express their 
own value, how can one expect others to see 
it? Practicing BLS need to communicate the 
impact and value of having BLS in healthcare 
besides describing the risks associated with the 
absence of the profession. If the profession can 
show the diversity and highlight the many 
interesting disciplines within the profession, as 
well as allowing for research and advancement 
into leadership, this might be a way to promote 
and inspire. Actions such as media campaigns, 
TV-shows and rebranding might be difficult on 
an individual level, where instead leaders, 
professional organizations and unions need to 
be the voices advocating for the profession.  
 

Conclusion 
This study has identified several threats to the 
sustention of BLS in healthcare today and in 
the future in the Nordic countries. This 
includes educating too few students in 
combination with high retirement numbers, 
drift towards working in the private sector, as 
well as low salaries and lack of career 
opportunities. In this study, the professionals 
have provided useful insights on how to make 
the profession more attractive including the 
increase of visibility, provision of career paths, 
and clarification of the current and potential 
competencies of BLS for the future. Several 
future options for the profession have been 
identified that can attract students to the 
educational programs, retain professionals in 
healthcare, and ensure high-quality 
diagnostics. Strategies for attraction to the 
profession and retention in health care inc-
lude:  
• Establishing career development pathways 

within and across Nordic countries to 
enhance professional growth and mobility. 

• Addressing salary disparities and ensuring 
competitive compensation that reflects 
the critical role of BLS in healthcare.  

• Reevaluating task distribution within 
healthcare settings to ensure optimal use 
of BLS specialized skills, while also 
considering workload and job satisfaction. 

• Implementing flexible working conditions 
that cater to the evolving expectations of 
the workforce, particularly the younger 
generation's desire for work-life balance. 

To succeed, there needs to be a stronger link-
age between the profession, educational 
institutions, healthcare employers, and pro-
fessional organizations that can foster a more 
cohesive approach to addressing the challen-
ges. By advocating for the profession, high-
lighting the critical contributions to health-
care, and ensuring BLS are equipped to thrive 
in their roles, stakeholders can enhance the 
profession's attractiveness and sustainability. 
Through strategic interventions focused on 
education, career development, compens-
ation, and work-life balance, the Nordic coun-
tries can ensure a robust, satisfied, and future-
ready BLS workforce. 
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Background: Social support is generally defined as "the perception or experience 
that one is loved and cared for by others, esteemed and valued, and part of a social 
network of mutual assistance and obligation. This study examines the level of social 
support among high viral load HIV seropositive patients in EAC. 
Methods: This study is a cross-sectional descriptive study that determine the level 
of social support among high viral load HIV seropositive patients enrolled in EAC in 
063 Nigerian Airforce Hospital, Garki 1 Abuja, Nigeria. Data for this study was 
collected through a face-to-face interview by administering a structured 
questionnaire to both HIV clients enrolled in EAC and those that were not to 
compare the impact of social supports on ART adherence among the HIV clients. 
Results: Based on this study's findings majority of respondents, 78.7%, 83.5, 
74.7%, and 90.5%, disclosed their HIV status to family, were on three years on ART, 
and have been on EAC and have TB, respectively. However, the majority did not 
achieve viral load suppression. Also, almost all clients (87.2%) enrolled for EAC due 
to poor adherence. Based on the three-factor analysis of social support in this 
study, both items 3 and 10 contributed 60.6% each to the total variance of the SS. 
Item 2 contributed 67.2% of the total variance of esteem, and item 6 contributed 
67.8% of the total self-esteem variance. The overall scale has a high correlation 
with the sub-scales "Esteem" and "Self-development" (r= 0.877 and 0.910 
respectively) and a medium correlation with the sub-scale "Belonging" (r= 0.579). 
Furthermore, the overall scale for internal consistency for the three factors was 
0.862, while the sub-scale "Belonging was 0.334, the sub-scale "Esteem" was 0.741, 
and the sub-scale "Self-development" was 0.834. Most respondents with the highest 
social support were male (94.2%), likewise, those who disclosed their HIV status to 
their family (92.3%). The level of perceived belonging (3.80 ± 0.87), esteem (3.75 
± 0.82), and self-development (3.58 ± 0.75) of PLWHIV included in EAC was 
significantly lower than those who were not (P<0.05). 
Conclusion: Efforts should be made to increase social support and ART adherence 
through EAC among PLWHA. 
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Introduction 
Enhanced Adherence Counseling (EAC) is a 
structured support program that utilizes 
implementation tools such as a session guide, 
patient file, and register to engage virally 
unsuppressed patients in three monthly sess-
ions.1 EAC is done to investigate the obstacles 
to adherence and, in collaboration with the 
patients, develop strategies to overcome them 
with the goal of suppressing the disease.1 Foll-
owing the completion of EAC, the patient is 
scheduled for a follow-up viral load testing at 
the end of the fourth month of treatment. The 
viral load (described as the number of HIV RNA 
copies per millilitre of blood) in people living 
with HIV is a direct measure of viral repli-
cation.2 Social support is generally defined as 
"the perception or experience that one is loved 
and cared for by others, esteemed and valued, 
and part of a social network of mutual 
assistance and obligations.3 Conceptuali-
zations of social support have also focused on 
the source of support, which can vary from 
family, spouse, friend, coworkers, doctor, and 
community ties/affiliations.4 Higher viral loads 
are associated with a greater decline in CD4 
cell count, which increases the likelihood of 
contracting an opportunistic infection.5 It is 
critical to reduce the viral load in PLHIV 
(People Living with HIV) to less than 1000 
copies/ml of blood (referred to as "viral 
suppression") to reduce morbidity, death, and 
transmission.6 Antiretroviral therapy (ART) 
prevents HIV from replicating, transforming 
the disease from a fatal infection to a manag-
eable chronic illness.5 Currently, the World 
Health Organization (WHO) recommends perio-
dic evaluation of viral loads (at least once a 
year) in all PLHIV on ART and the achievement 
of viral load suppression in those with high 
plasma viral loads (>1000 copies/ ml).5 Poor 
adherence to ART is the most common cause of 
high viral load, and WHO advises EAC to 
address this issue.7 Other typical causes of high 
viral load include medication resistance, 
malabsorption, drug-drug interactions, and 
drug-associated adverse effects.8 Resolving 
these causes may necessitate a change in the 

antiretroviral therapy regimen.8 If the viral 
load is high, the World Health Organization re-
commends performing an EAC, followed by a 
second/repeat viral load test after three 
months.2 If the viral load levels remain high, it 
is assumed that virological treatment has fail-
ed, and the patient should be switched to a 
different ART regimen.2 Studies have demon-
strated that EAC can result in viral suppression 
in more than 70% of patients with high initial 
viral levels. 9,10 According to the WHO guide-
lines, Patient whose viral load (VL) are not 
suppressed at re-testing after undergoing the 
EAC session is categorized as having "virologic 
failure" due to likely drug resistance and are 
recommended to be moved to second- or third-
line therapy.11 Since poor adherence is the 
most prevalent cause of treatment failure, the 
WHO recommends three to six months of en-
hanced adherence counseling for individuals 
with a high viral load count before diagnosing 
first-line treatment failure.12–14 

Furthermore, given that HIV/AIDS is a chro-
nic illness requiring long-term care, constant 
social support from family, peers, and com-
munities, among others, is essential for main-
taining adherence to ART. 15,16 Spouse support 
and support groups are critical for HIV medi-
cation adherence and viral load suppression. 
Still, social support can fail when family mem-
bers choose to stigmatize and discriminate 
against victims, as the stigma has been 
demonstrated to be a barrier to adherence to 
ART. 17 it is believed that social support can be 
employed positively or adversely.18 Social sup-
port has been associated with enhanced medi-
cation adherence, quality of life, and viral load 
suppression in HIV-positive patients receiving 
ART in a variety of settings, most notably in 
Sub-Saharan Africa, where 90 percent of ART is 
prescribed.19–21 Effective social support for 
medication adherence could involve a variety 
of approaches. For example, emotional suport 
promotes a favourable state of mind and dir-
ectly increases self-efficacy to adhere.22,23 In 
2016, the Nigerian National Guideline for HIV 
Prevention and Treatment suggested that all 
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patients starting ART have their viral load mea-
sured after six months and then annually for 
those who have achieved viral suppression.1,24 
This study examines the level of social support 
among high viral load HIV seropositive patients 
in EAC. 

 

Methodology 
This study is a cross-sectional descriptive study 
to determine the level of social support among 
high viral load HIV seropositive patients 
enrolled in EAC in 063 Nigerian Airforce 
Hospital, Garki 1 Abuja, Nigeria. Data for this 
study was collected through a face-to-face 
interview by administering a structured que-
stionnaire to both HIV clients enrolled in EAC 
and those that were not to compare the impact 
of social supports on ART adherence among the 
HIV clients. 

 

Study location 
The Federal Capital Territory (FCT), also 
known as Abuja Federal Capital Territory, was 
established as an administrative territory in 
central Nigeria in 1976. The new capital city 
was built and developed on the grass-covered 
Chukuku Hills in 1980. The area is located 
north of the Niger and Benue Rivers' con-
fluence. It is bordered on the west and north-
west by Niger, on the northeast by Kaduna, on 
the east and south by Nasarawa, and on the 
southwest by Kogi.25 Additionally, Abuja is 
about 1810 feet (360 meters) above sea level 
and has a cooler climate and lower humidity 
than Lagos. The Federal Capital Territory 
consists of 6 different area Councils, namely: 
Abaji, Abuja Municipal, Bwari, Gwagwalada, 
Kuje and Kwali. These six councils cover a total 
land area of approximately 7,290 km². 26 Acc-
ording to world population review statistics, 
Abuja has a population of 3 464,123.27 Acc-
ording to the United Nations, Abuja increased 
by 139.7% between 2000 and 2010, making it 
the fastest-growing city.28 As of 2015, the city 
is growing at a rate of at least 35% annually, 
maintaining its status as the fastest-growing 
metropolis on the African continent and one of 
the fastest-growing cities globally.29 As of 

2016, Abuja's metropolitan region was predict-
ted to have six million people, ranking it 
second only to Lagos as Nigeria's most 
populated metro area. According to the 
national agency for the control of AIDS (NACA), 
Abuja has a total HIV/AIDS prevalence rate of 
1.5%.30  

The study population comprised HIV 
seropositive clients initiated on ART in 063 
Nigerian Airforce Hospital, Garki 1Abuja. Both 
HIV clients on EAC and those who were not 
were used to form the study population. 
Currently, there are 2,222 clients in ART in 
both facilities from 2019 to 2020. 

 

Study population 
The study population comprised HIV 
seropositive clients initiated on ART in 063 
Nigerian Airforce Hospital, Garki 1Abuja, Nig-
eria. Both HIV clients on EAC and those who 
were not, were used to form the study popu-
lation.  

 

Sample size calculation 
The prevalence of viral load failure at six 
months on ART in the north-central was 36%.31 
The sample size was, however, calculated 
using the formula below; 
 

𝑛𝑛 =
𝑍𝑍2𝑝𝑝𝑝𝑝
𝑑𝑑2  

Z = Standard normal deviate of alpha set at 1.96 
corresponding to 95% confidence level. 
p = the prevalence of viral load failure at 6months 
on ART in north central, Nigeria. 
p = 0.36 
d =level of precision =5% =0.05 
q = 0.64 

𝑛𝑛 =
1.962𝑥𝑥 0.36 𝑥𝑥 0.64

0.052 ;  𝑛𝑛 =
0.8851
0.0025 ;  𝑛𝑛 = 354.04 

 

Therefore, the minimum sample size is 354. 
This formula was used because the recent 
prevalence of viral load failure in north-central 
Nigeria is known. 

 

Data collection method  
Data was collected through a structured 
questionnaire. Two trained research assistants 
administered the structured questionnaire to 
HIV clients to collect socio-support data. The 
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research tool for this study was adapted from 
the questionnaire used by Cortes et al. 32 on 
"development of the scale of perceived social 
support in HIV (PSS-HIV)". A pilot test was 
conducted using 10% (35) of the total resp-
ondents, and necessary corrections were made 
before administering the final version of the 
questionnaire. The questionnaire contains 23 
items which were divided into two sections. 
The first section contains nine open and close-
ended questions and 14 Likert scale questions 
used to determine the perceived social sup-
ports for PLHIV in Abuja. 

 

Inclusion criteria  
All clients on ART, aged 10 years and above, 
attending the HIV/AIDS clinics of the 063 
Nigerian Airforce Hospital, Garki 1 Abuja, Nig-
eria were included in the interviews. 

 

Exclusion criteria 
Clients below 10 years were not included in the 
interview. Also, clients that are very ill and 
patients with any mental disorder were exclu-
ded as they may be unable to withstand the 
interview's stress.  

 

Data analysis 
The data collected were exported into IBM-
SPSS version 28.0 data analysis. Descriptive 
statistics were performed, presenting out-
comes as frequency tables, percentages, pie, 
and bar charts. Pearson chi-square test was 
used to compare variable proportions. factor 
analysis and Cronbach test were performed to 
determine the reliability, validity, and internal 
consistency., setting p-values below 0.05 as 
significant. For the measurement scale, four-
teen items were used to address the support 
quality. Items were scored on a Likert scale 
from 1-5, from "strongly disagree" to "strongly 
agree". For most items, 3 indicates neutral, but 
a "neutral" answer to items 1, 2, 3, 7, 9, 10, 
and 12 indicates a lack of SS (see items in 
Appendix 1). For instance, a "neither agree nor 
disagree" answer to the item "I feel emo-
tionally sheltered by my family" is evidence of 
a lack of shelter expected from the family. In 

these cases, a neutral answer was assigned 2 
points, the same as "disagree".33 

 

Ethical approval 
The research and ethics committee of the 
ministry of health Abuja approved this study. 
Permission was also secured from the hospitals 
from which the participants were recruited. 
There were no physical or psychological haz-
ards. 

 

Results  
Demographic profiles of the study respondent 
Table 1 shows data on various demographic 
characteristics of respondents. The para-
meters listed include gender, age category, 
marital status, education, occupation, and 
religion. Out of 348 respondents, 155 (44.5%) 
were males, and 193 (55.5%) were females. 
Similarly, 49 (14.1%) were in the age range of 
10–30 years, 238 (68.4%) were in the age range 
of 31–50 years, and 61 (17.5%) were above 50 
years of age. The marital status parameter 
shows that 102 (29.3%) were single, 204 
(58.6%) were married, and 42 (12.0%) were 
divorced or widowed. 

 

Table 1. Demographic profiles of the study 
participant 
Parameter Frequency Percent 
Gender   

Male 155 44.5 
Female 193 55.5 

Age category   
10 – 30 years 49 14.1 
31 - 50 years 238 68.4 

Above 50 61 17.5 
Marital status   

Single 102 29.3 
Married 204 58.6 

Divorced/Widowed 42 12.0 
Education   

No formal education 28 8.0 
Primary 90 25.9 

Secondary 98 28.2 
Tertiary 132 37.9 

 

Out of 348 respondents, 28 (8.0%) had no 
formal education, 90 (24.9%) had primary edu-
cation, 98 (28.1%)  had  secondary  education,  
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and 132 (31.9%) had tertiary education. 
Also, 152 (43.7%) were civil servants, 145 
(41.7%) were traders, and 51 (14.7%) were 
artisans. A high proportion of the respondents 
were Christians, 284 (81.6%), followed by 62 
(17.8%) Muslims, and 2 (0.6%) were 
traditional. Finally, 278 (79.9%) were 
currently living with family, and 70 (20.1%) 
were not. 
 

Respondents' HIV disclosure, ART and viral 
load status 
Table 2 shows the respondent's HIV disclosure, 
ART and viral load status. A high proportion of 
participants have disclosed their HIV status to 
their family (78.7%). Among the participants, 
83.5% have been on ART for over three years. 
Additionally, 58.9% did not experience unsup-
pressed viral load, 74.7% have not been on 
EAC, and 90.5% have no history of tuberculosis. 
 

Table 2. Respondents' HIV disclosure, ART and viral 
load status 
Parameter Frequency Percent 
Occupation   

Civil servant 152 43.7 
Trader 145 41.7 
Artisan 51 14.7 

Religion   
Christianity 284 81.6 

Islam 62 17.8 
Traditional 2 0.6 

Currently living with family 
Yes 278 79.9 
No 70 20.1 

 

Reason for inclusion in EAS 
As shown in Figure 1, most clients (87.2%) were 
enrolled in EAC due to poor adherence to ART, 
81. % lacked adequate knowledge of ART, 
while 2.3% were enrolled due to side effects 
and stress. 
 

Factor analysis to determine the reliability of 
social support variables 
In the SS-PLWHIV, three factors were 
identified (Belonging, Esteem, and Self-dev-
elopment). A principal axis factoring was 
conducted, setting the Kaiser criterion (Eigen-
value as 1) to determine the number of 
relevant factors. All the items in the three 

factors yielded loadings higher than 0.4. The 
contribution of each factor is shown in Table  
Figure 1. Reasons for inclusion in EAC 

 
3. Both items 3 and 10 contributed 60.6% each 
to the total variance of the SS. Item 2 
contributed 67.2% of the total variance of 
esteem, and item 6 contributed 67.8% of the 
total self-esteem variance. No item elimin-
ations are based on these criteria. The 
component values closer to one show the high 
reliability of the items for measuring SS-
PLWHIV. 
 

Table 3. Factor analysis pattern matrix for PLWHIV 

Factor Item Components % Contribution 
Belonging 

 10 0.778 60.6% 
 3 0.778 60.6% 

Esteem 
 2 0.820 67.2% 
 9 0.749 56.1% 
 7 0.737 54.3% 
 1 0.706 49.8% 

Self-development 
 6 0.823 67.8% 
 8 0.814 66.3% 
 12 0.728 53.0% 
 11 0.698 48.8% 
 5 0.692 47.8% 

 

Internal consistency of the SS-PLWHIV 
variables 

Table 4 shows the internal consistency of SS 
for PLWHIV as measured by Cronbach's alpha. 

8,1%

87,2%

2,3%
2,3%

No adequate knoweldge of ART Poor adherence Side effects Stress
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The overall scale has an alpha of 0.862, the 
sub-scale "Belonging" has an alpha of 0.334, 
the sub-scale "Esteem" has an alpha of 0.741, 
and the sub-scale "Self-development" has an 
alpha of 0.834. These values indicate that the 
overall scale has good internal consistency and 
the sub-scale "Self-development" has excellent 
internal consistency. However, the sub-scale 
"Belonging" has a low internal consistency. 

 

Table 4. Cronbach a SS-HIV on PLWHIV 

Overall Belonging Esteem 
Self-
development 

0.862 0.334 0.741 0.834 
 

Table 5 shows the inter-correlations of the 
SS for PLHIV sub-scales. Each sub-scale score 
was correlated with the other sub-scales and 
the overall scale. The overall scale has a high 
correlation with the sub-scales 
"Esteem" and "Self-develop-
ment" (r= 0.877 and 0.910 resp-
ectively) and a medium corre-
lation with the sub-scale "Bel-
onging" (r= 0.579). The sub-scale 
"Belonging" has a medium corre-
lation with the sub-scales 
"Esteem" and "Self-develop-
ment" (r= 0.449 and 0.336 resp-
ectively) and a high correlation with the 
overall scale (r= 0.579). The sub-scale "Esteem" 
has a high correlation with the overall scale 
and the sub-scale "Self-development" (r= 0.877 
and 0.653 respectively) and a medium corre-
lation with the sub-scale "Belonging" (r= 
0.449). The sub-scale "Self-development" has a 
high correlation with the overall scale and the 
sub-scale "Esteem" (r= 0.910 and 0.653 resp-
ectively) and a medium correlation with the 
sub-scale "Belonging" (r= 0.336). 
 

Factors associated with social support among 
PLWHIV 
As shown in Table 6, the overall social support 
among the respondents was 89.9%. Only gender 
was significantly associated with social support 
(p = 0.018). The level of social support was 
significantly higher among males (94.2%) than 
females. The level of social support was above 

80% in all age groups and was not statistically 
different (P>0.05). HIV clients that were not 
educated had the least social support (78.6%) 
compared to others with more than 90% levels 
of SS. Social support for PLWHIV was not 
significantly associated with marital status, 
occupation, and religion (P>0.05).  

As shown in Table 7, a higher proportion of 
PLWHIV living with their families had high SS 
(90.3%) than 88.6% of those not living with 
their families. However, the difference was 
not statistically significant (P>0.05). HIV status 
disclosure was significantly associated with SS 
of PLWHIV as a higher proportion of those who 
disclosed (92.3%) had high SS than those who 
did not (81.1%), P<0.05. Other factors such as 
length on ART, previous unsuppressed viral 
load, previous inclusion on EAC, and HIV-TB 

coinfection were not significantly associated 
with SS for PLWHIV. 

Table 8 shows a significant association 
between SS of PLWHIV and inclusion in EAC. 
The level of perceived belonging of PLWHIV 
included in EAC (3.80 ± 0.87) was significantly 
lower than those who were not (P<0.05). Sim-
ilarly, those PLWHIV included in EAC exhibited 
a lower level of esteem (3.75 ± 0.82) and self-
development (3.58 ± 0.75) than those who 
were not enrolled in EAC (4.04 ± 0.755 and 4.00 
± 0.80, respectively), p<0.05. 

 

Discussion  
This study examines the level of social support 
among high viral load HIV seropositive patients 
in EAC in Abuja. This study's findings show that 
a significant proportion of the HIV client 
disclosed their HIV status to their family 
members,  have  spent  three  years  receiving   

Table 5. Cronbach a SS-HIV on PLWHIV 

 Overall Belonging Esteem 
Self-
development 

Overall 1 0.579** 0.877** 0.910** 
Belonging 0.579** 1 0.449** 0.336** 
Esteem 0.877** 0.449** 1 0.653** 
Self-develop-
ment 

0.910** 0.336** 0.653** 1 

**Correlation is significant at the 0.01 level (2-tailed). 
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Table 6. Demographic factors associated with SS among PLWHIV 

 High SS 
n (%) 

Poor SS 
n (%) X2 P-value 

Overall 313 (89.9) 35 (10.1) - - 
Gender     

Male 146 (94.2) 9 (5.8) 
5.583 0.018* 

Female 167 (86.5) 26 (13.5) 
Age category     

10-30 42 (85.7) 7 (14.3) 
3.588 0.166 31 – 50 219 (92.0) 19 (8.0) 

50 & above 52 (85.2) 35 (10.1) 
Education     
No formal education 22 (78.6) 6 (21.4) 

4.533 0.209 
Primary 82 (91.1) 8 (8.9) 

Secondary 90 (91.8) 8 (8.2) 
Tertiary 119 (90.2) 13 (9.8) 

Marital status     
Single 94 (92.2) 8 (7.8) 

4.430 0.109 Married 185 (90.7) 19 (9.3) 
Divorced/Widowed 34 (81.0) 8 (19.0) 

Occupation     
Civil servant 132 (86.8) 20 (13.2) 

3.220 0.200 Trader 135 (93.1) 10 (6.9) 
Artisan 46 (90.2) 5 (9.8) 

Religion     
Christianity 258 (90.8) 26 (9.2) 

1.842 0.398 Islam 53 (85.5) 9 (14.5) 
Traditional 2 (100.0) 0 (0.0) 

*Significant at p<0.05 
 
Table 7. HIV disclosure, ART and viral load status associated with SS among PLWHIV 
 High SS 

n (%) 
Poor SS 
n (%) 

X2 P-value 

Living with family 
Yes 251 (90.3) 27 (9.7) 

0.182 0.670 
No 62 (88.6) 8 (11.4) 

HIV status disclosure  
Yes 253 (92.3) 21 (7.7) 

8.159 0.004* 
No 60 (81.1) 14 (18.9) 

Length of ART 
1 year 21 (91.3) 2 (8.7) 

2.359 0.307 2 years 34 (97.1) 1 (2.9) 
3 years 258 (89.0) 32 (11.0) 

Ever experienced an unsuppressed viral load 
Yes 124 (86.7) 19 (13.3) 2.798 

0.094 
No 189 (92.2) 16 (7.8) 

Ever been placed on EAC 
Yes 75 (85.2) 13 (14.8) 

2.895 0.089 
No 238 (91.5) 22 (8.5) 

Have TB with HIV 
Yes 29 (87.9) 4 (12.1) 

0.172 0.679 
No 284 (90.2) 31 (9.8) 

  

56 



International Journal of Biomedical Laboratory Science (IJBLS) 2024 Vol.13 No.1: 50 – 63 

Table 8. T-test showing the association of SS of PLWHIV with EAC enrolment 

Social support factors 

Ever been enrolled in EAC (N±SD) 
Yes 

n = 88 
No 

n = 260 
T-test P-value 

Belonging 3.80 ± 0.87 4.04 ± 0.755 2.524 0.012* 
Esteem 3.75 ± 0.82 4.00 ± 0.80 2.133 0.020* 
Self-development 3.58 ± 0.75 3.80 ± 0.75 2.387 0.018* 
Overall SS 3.67 ± 0.64 3.89 ± 0.65 2.764 0.006* 

*Significant at p<0.05 

 
ART, have previously been placed on EAC, and 
have tuberculosis. The possible reason for this 
could be that disclosing one's HIV status to 
family members can have several benefits. It 
can help the individual form a support system, 
reduce feelings of isolation and stigma, and 
improve overall mental and emotional well-
being.34 Disclosure within a family environ-
ment is important to facilitate communication 
about HIV between family members.35 
Additionally, if the individual requires assis-
tance with managing their condition, being 
open about their status can lead to better 
cooperation and understanding from their 
loved ones.  

Also, a lengthy stay on ART can positively 
impact individuals living with HIV. One of the 
most significant benefits is that ART can help 
suppress the virus and prevent disease prog-
ression. This can improve the immune system 
and reduce the risk of HIV-related illnesses and 
complications, improving overall health.36 An-
other important impact is that a lengthy stay 
on ART can also prevent virus transmission to 
others. However, despite all this, most of the 
HIV clients in this study did not experience 
viral load suppression. This could be due to 
poor ART adherence. Poor adherence to anti-
retrovirals therapy increases plasma viral load, 
which has been proven to be a significant risk 
factor for the formation of drug-resistant HIV 
strains, increasing the infectivity rate.37,38 The 
findings of this study were consistent with a 
study by Anne et al.39. Therefore, it is 
recommended that HIV patients adhere to ART 
as prescribed by a healthcare provider. Also, 
there is need for HIV patient to regularly 
attend follow-up appointments with a health-
care provider to monitor viral load and assess 

the effectiveness of ART. Avoid missing doses 
of ART or interrupting treatment, as this can 
lead to the development of drug resistance and 
a higher viral load. 

Based on the result of this study, a 
significant proportion of the participants 
(87.2%) were enrolled in EAC due to their poor 
adherence to ART. This was supported by a 
study carried out by Diress et al. 40 Poor adher-
ence to antiretroviral therapy is the most 
common cause of high viral load, and the WHO 
advises EAC to address this issue.7 Based on 
several literature findings, the possible cause 
of poor adherence to ART among HIV patients 
could be due to some socio-economic variables 
such as unemployment, poverty, food inse-
curity and transport costs.41,42 Also, adherence 
to ART is negatively impacted by a number of 
social factors, including but not limited to 
stigma and prejudice, disclosure, and a lack of 
social support.21,43 It is believed that a lack of 
human resources in developing countries like 
Nigeran causes congestion and long waiting 
periods in ART centres, which discourages 
many people who use ART from receiving tre-
atment.44 Poor healthcare provider practices, 
including inadequate counselling sessions, 
abuse of patient confidentiality, lack of ad-
herence follow-ups and drug stock-outs, have 
been demonstrated as major health systems 
barriers to adherence.45,46 Another well-known 
reason for poor adherence is the complicated 
nature of ART regimens with their heavy 
dosage of tablets and tight dietary and 
hydration requirements. It is widely known 
that patient-related issues such as forget-
fulness, side effects, feeling better, distrust, 
and misunderstandings surrounding ARV ther-
apy prohibit many patients from following 
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treatment. This is especially true for those 
patients who have HIV.47–49  

Furthermore, based on the findings of this 
study, the contributing factor analysis to 
determine the reliability of social support 
among PLWHA were belonging, esteem, and 
self-development. The findings show that part-
icipants who perceived that they could freely 
express their opinion to their partner or group 
of friends and those who stated that if some-
thing is for their own good, their family will 
support them in items 3 and 10, respectively, 
contributed 60.6% to the social support 
belonging factor. Self-belonging, or a person's 
sense of self-worth and acceptance, can 
influence the level of social support they rec-
eive as someone living with HIV. If a person has 
a strong sense of self-belonging, they may be 
more likely to reach out for support and be 
more open about their HIV status, potentially 
leading to stronger relationships and a greater 
support network. On the other hand, if a 
person lacks self-belonging, they may face 
stigma and discrimination, causing them to 
isolate themselves and potentially receive less 
social support. 

Also, the findings of this study showed that 
participants who perceived that they could 
count on their closest friends or partner when 
they needed to be listened to in item 2 
contributed 67.2% of the total variance for 
esteem. Self-esteem can affect social support 
for people living with HIV by influencing their 
ability to reach out for help and engage with 
support networks. High self-esteem may lead 
to greater confidence in seeking out and 
accepting support, while low self-esteem may 
cause feelings of shame or stigma, making it 
harder to reach out. The quality of support 
received can also impact self-esteem, with 
positive experiences leading to increased self-
worth and negative experiences potentially 
decreasing self-esteem.  

Additionally, the findings of this study show 
that participants who think that their friends 
gave them the possibilities for growth in item 
6 contributed 67.8% of the total self-
development variance. Self-development can 

influence social support for people living with 
HIV by affecting one's ability to cope with the 
condition's physical, emotional, and social 
impacts. Self-development can lead to 
increased resilience, better communication 
skills, and a positive outlook, all of which can 
facilitate the formation and maintenance of 
supportive relationships. On the other hand, a 
lack of self-development can lead to negative 
coping mechanisms, poor communication, and 
decreased ability to form meaningful 
connections, all of which can undermine the 
potential for social support. Overall, self-
development plays a crucial role in enhancing 
the quality and availability of social support for 
individuals living with HIV. 

The study findings show that the overall 
internal consistency of social support for 
PLWHA was 0.862. "Self-development had the 
highest internal consistency while the sub-
scale "Belonging" had a low internal 
consistency. The findings show that the overall 
scale and sub-scale had good internal 
consistency. Self-development, which happens 
to have the highest internal consistency for 
social support in this study, could influence the 
internal consistency of social support for 
PLWHA by building their confidence and self-
esteem, improving their communication skills, 
expanding their social network of support, 
increasing resilience, and enhance an 
individual's ability to manage their HIV status. 

Additionally, this study findings showed 
that all three factors sub-scale were positively 
correlated. Those that have high sense of 
belonging also have high esteem and self-
development. Overall, social support enhances 
sense of belonging, self-esteem and self- 
development of the patients in this study. This 
is an important finding, as these factors can 
play a crucial role in a client's overall well-
being and ability to adhere to their treatment 
plan which could help suppress their viral load. 

This study's finding also showed that the 
level of social support was higher among male 
respondents than female respondents. Social 
support for PLWHIV was not significantly 
associated with marital status, occupation, 
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and religion (P>0.05). The findings of this 
result align with the study carried out by Berhe 
et al. 50, Oppong et al.51, and Deichert et al.52. 
A plausible explanation may be due to less 
stigmatization among men than women, part-
icularly in the family and society. Also, another 
reason could be that low self-esteem may have 
played a role in the extent to which women 
were able to perceive and receive support 
efforts from friends and families. Self-esteem 
has been shown to influence interpersonal 
relationships because individuals' feelings of 
self-worth have a bearing on both their beliefs 
and social behaviours.53 This means that low 
self-esteem may damage interpersonal relat-
ionships because it promotes a self-protective 
interpersonal relationship. In other words, 
PLWHAs feel socially isolated and have 
negative perceptions of their social relation-
ships. This process may be fueled by intern-
alized HIV-related stigma and discrimination, 
among PLWHA.54 Social support is instrumental 
in determining the psychological well-being of 
men and women living with HIV. This should be 
a wake-up call to critical stakeholders to 
enhance the uptake of EAC among HIV pati-
ents. As the counselling session will help pati-
ents build up patient self-esteem and also their 
perception to social support. This reflects that 
we should pay more attention to females living 
with HIV/AIDS and encourage them to partici-
pate in various forms of activities and share 
their inner thoughts and feelings with others. 
However the findings of this study result was 
contrary to the findings of studies by Xiao et 
al. 55 and Li et al. 56, who found that females 
received more social support than males. In 
their study, they believed that it could be bec-
ause females are more inclined to share their 
unpleasant experiences with their relatives, 
friends or colleagues to reduce psychological 
pressure. Men are more likely to choose to 
endure setbacks or face difficulties, hoping to 
overcome and reduce their psychological 
burden through their own efforts.56  

Based on the findings of this study, living 
with family, HIV status disclosure, client length 
on ART, ever experienced unsuppressed viral 

load, ever being placed on EAC, and having TB 
with HIV were all factors associated with social 
support among PLWHA. However, only HIV 
status disclosure was statistically associated 
with social support among PLWHA. This showed 
that the majority of participants whose HIV 
status were disclosed had high social support. 
These findings were supported by a study 
carried out by Cama et al.57 A possible expla-
nation for this could be that revealing one's HIV 
status may help other people to provide some 
emotional, informational and psychological 
support to HIV patients. Patient disclosure of 
HIV status will enable the social circle to know 
the problem and act as a support system to the 
patient, which in turn helps to improve ART 
adherence. HIV status disclosure, or the 
decision to reveal one's HIV-positive status to 
others, can greatly impact the level of social 
support a person living with HIV receives. If 
people are open about their status, they may 
receive support from loved ones, friends, and 
healthcare providers. However, if they fear 
stigma and discrimination, they may choose to 
keep their status private, potentially limiting 
their support network. Additionally, not disc-
losing their status may lead to isolation and 
decreased access to healthcare resources. 
Ultimately, the decision to disclose one's HIV 
status is a personal one and can have signify-
cant implications for a person's social support 
and well-being. However, these findings cont-
rast with the outcome of studies conducted in 
Addis Ababa in, Ethiopia, by Dessalegn et al. 
58, and Tehran University in Iran by Shushtari 
et al. 59 and in Southern Ethiopia by Berhe et 
al. 50 

The result of this study shows that those 
with lower sense of belonging, esteem and 
self-development were more included in EAC. 
This indicate that clients included in EAC had 
poor SS. Also, these findings shows that those 
with social support are less likely to be 
enrolled in EAC, meaning that social support 
may help adherence or treatment and hence 
those with social support are less likely to have 
high viral load than those without social 
support. 
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Conclusion 
Based on the finding of this study, a significant 
proportion of the HIV client disclosed their HIV 
status to their family members, have spent 
three years receiving ART, have previously 
been placed on EAC, and have tuberculosis. 
However, the majority did not achieve viral 
load suppression. This shows that their 
adherence level to ART is poor. Also, this study 
found that the majority of participants 
enrolled for EAC due to poor adherence. The 
study findings also found that all three factor 
analyses contributed to social support and had 
a good internal consistency. Social support in 
this study enhances sense of belonging, self-
esteem and self- development of the patients.  
Furthermore, in this study, males received 
higher social support than female, likewise, 
those that disclosed their HIV status and those 

with social support were less likely to be 
enrolled in EAC. 

Overall, this study found that that PLWHIV 
without adequate social supports are more 
likely to experience high viral load, and hence 
be should be included in EAC 

Therefore, it is recommended that efforts 
should be made to increase the level of social 
support for HIV clients, especially among 
females. Also, support programmes and 
interventions aimed at improving adherence to 
ART should be designed and implemented. This 
may include medication reminders, 
counselling, and peer support groups. 
Additionally, regular monitoring of clients' 
adherence to ART should be implemented to 
identify any issues and provide early 
intervention. This can help to ensure that 
clients remain on treatment and achieve viral 
load suppression. 
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Introduction 
Medical laboratory professionals, educators, 
and learners can create psychological safety in 
the work and learning environments. Psycho-
logical safety (PS) is an individual’s perception 
of an environment to take interpersonal risks.1 
Psychological safety is not trust or trauma from 
harassment. Knowing the difference between 
high and low characteristics of PS is important 
to evaluate an environment and make changes 
if needed. The different environments to eva-
luate in medical laboratory science (MLS) 
include in-person environments such as the 
medical laboratory workplace, professional 
development sessions, training, and the MLS 
education classroom. All the in-person environ-
ments could also be virtual; therefore, it is also 
pertinent to evaluate virtual settings.  

Extremely limited, if any, literature exists 
on the impact of PS in the medical laboratory 
and MLS education programs. To evaluate the 
impact of PS more accurately in a medical 
laboratory, PS must first be created. PS is crit-
ical to a work environment as complex and 
equivocal as MLS.2  

Creating PS is the responsibility of all 
individuals independent of their role in the 
medical laboratory and MLS education. Medical 
laboratory professionals crave improvements 
in workplace culture. Educators and learners 
are entitled to a learning environment where 
mistakes are accepted. Creating psychological 
safety for medical laboratory professionals and 
learners can be accomplished with simple 
strategies and improve workplace culture. 

 

Background 
Psychological safety has many definitions. In 
general, PS is a perception of feeling safe to 
engage in interpersonal risk taking.3,4 An 
individual’s perception evaluates the conse-
quences of admitting mistakes in an environ-
ment and believing there will be no rejection 
in being oneself.4,5 PS should not be considered 
a mechanism to remove discomfort and make 
an environment enjoyable. PS is not workplace 
violence, harassment, or bullying. Trust and PS 
are not the same. Trust occurs between two 

people or entities, and how one views the 
other.2,5 PS is between an environment and 
individuals.5 Trust is an individual giving anot-
her the benefit of the doubt, and PS is the per-
ception of whether others will give the indi-
vidual the benefit of the doubt.  

Psychological safety is important in MLS for 
professionals and learners. In education, PS is 
necessary for educational alliance.6 The edu-
cational alliance is a bond between teacher 
and learner or trainer and trainee to work tog-
ether on a common goal. An MLS learner must 
perceive the educational environment as a safe 
place to make and learn from mistakes. The 
professional medical laboratory should have 
the same safe environment. PS creates a space 
where mistakes are allowed which results in a 
positive working and learning environment. 

There are notable characteristics of an MLS 
environment that provides a high level of PS. 
Not surprisingly, open communication is a top 
indicator of PS.4,5,7 Table 1 outlines chara-
cteristics of an environment with PS. A work 
environment with PS has four domains: Leader 
commitment to stress prevention, safety prio-
ritized over productivity, listening, and active 
participation at all levels.8 Medical labora-
tories and MLS education, whether in person or 
virtual, have similar domains. 

Medical laboratory professionals and edu-
cators must recognize characteristics of an 
environment with low levels of PS (Table 1). 
Negative environments where PS is hidden 
away may create harmful cultures. Medical 
laboratory professionals become silent, are 
disengaged, and may have negative emotions 
erupt.7,9 An environment lacking PS will inhibit 
learning and communication.6 Individuals 
taking interpersonal risks in a low PS env-
ironment may develop a feeling of incomp-
etence.9 If signs of low PS are not recognized 
and changed, a negative working and learning 
environment may continue.  

Many barriers exist prohibiting PS in MLS. 
Some behavioral characteristics blocking PS 
include rudeness, aggressiveness, isolation, 
bullying, and harassment.2,4,10 Many of these 
barriers  are  typical  characteristics  of  toxic 
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Table 1. Characteristics of Environments with High and 
Low Levels of Psychological Safety 

Environments with High 
Levels of PS* 

Environments with Low 
(or No) Levels of PS* 

Open communication Silence 
Mistakes tolerated Adverse events 
Commitment to growth Low job satisfaction 
Encouragement Lack of contributions 
Motivation Avoidance 
Seek feedback Defensiveness 
Judgement free Feeling of incompetence 
Empathy Apathy 
Autonomy Dependency 
Increased learning Issues with learning 
Engagement Absenteeism 
Awareness Low or no feedback 
Stewardship - 
Self-development - 
Accessibility - 
Forgiveness - 
High retention - 
Reduced anxiety - 
Compassion - 
Healing - 

* Psychological Safety (PS) 
 
Data compiled from: Torralba KD, Jose D, Byrne J. Psychological 
safety, the hidden curriculum, and ambiguity in medicine 
[Internet]. Clinical rheumatology. 2020 Mar [cited 2023 Jan 
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STMxHRAlYeGCSXfiP9vn7M1M-xwASiqygju3S_WayG5Bxhiqlgx3mY2 
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people. However, toxic people may have a 
feeling of worthlessness resulting in such 
characteristics. This explains the need to 
manipulate and control the environment and 
others because they do not want to feel 
abandonment.10  

Absence of employee recognition and role 
clarity are also obstacles to PS.10 In MLS, role 
clarity may be an obstacle for PS because of a 
lack of common professional nomenclature. 
The profession uses MLS to describe the 
individuals and clinical laboratory science 
(CLS) in some cases which may be confusing to 
define roles. There is a continued lack of 
understanding and agreement throughout the 
profession on the proper use of these terms. In 
addition, an individual’s own shame and fear 
can be a barrier to PS and fear can lead to 
disconnection.10 For example, an MLS who has 
made multiple attempts at providing ideas to 
improve a workflow process and consistently 
the ideas are turned down by the team without 
explanation. This repeated rejection may 
cause the technologist to disconnect from the 
team.  

Psychological safety can look and feel 
different depending on the level of interaction 
an individual has in the environment. The 
different environment levels include orga-
nizational, team, and the individual. At the 
organizational level PS is about providing job 
clarity, executive leader participation, and 
attention to employee wellness.4,8,9 Execu-
tives, or c-suite leaders, participate by listen-
ing to contributions and finding ways to pre-
vent stress.8 Executive leaders may provide 
work unit level laboratory leaders with proper 
job descriptions for staff and provide resources 
that are readily accessible for MLS profession-
nals and learners on mental health wellness.  
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Overall, the PS encountered by MLS 
professionals and learners is at the team and 
individual levels. PS at the team level is a 
valuable resource because it is more meaning-
ful.5 PS creates connections between team 
members leading to increased learning, inno-
vation, and growth.9 Team PS typically evolves 
from a direct supervisor or another laboratory 
leader through inclusive participation in 
decision-making and professional develop-
ment.4  

At the individual level medical laboratory 
professionals and learners may demonstrate 
common characteristics if experiencing high or 
low levels of PS. Individual characteristics of 
low or no PS include anxiety, defensiveness, 
discomfort, and silence.2,3,9 Anxiety may 
develop when an individual is concerned about 
being embarrassed or afraid to make a mis-
take. The individual cannot view mistakes as 
opportunities.3 Silence comes from the moti-
vation to protect self and be risk avoidant 
which suppresses efforts.2 An example of a low 
level of PS in MLS is when a learner in a 
microbiology laboratory rotation accidently 
punctures a glove or comes across a biohazard-
dous spill. Rather than report the accident to 
the educator or trainer, if the learner is exp-
eriencing a low level of PS, fear may cause 
anxiety and silence which leads to the learner 
not reporting the accident. Conversely, indi-
vidual characteristics of high PS include 
increased self-esteem and connections, pro-
active personality, and emotional stability.9,11 
Individuals may also experience increased 
autonomy, mutual respect, communication, 
and a stronger educational alliance.6,8 The lea-
rner in a microbiology laboratory rotation may 
be more inclined to report an accident or spill.  

There are many ways that individuals cope 
with a lack of PS in the environment. Indi-
viduals experiencing low, or no PS, may exhibit 
a conservation of resources. The conservation 
of resources (COR) theory is when a threat is 
detected, whether with resource loss or 
conflict, and the natural response is to acquire 
resources.4,5,7 Resources of PS are social bond-

ing and support, rewards and recognition, aut-
onomy, and job security.4,5 MLS professionals 
may experience COR when a conflict is 
detected, and an individual may communicate 
with others in the laboratory work unit esta-
blishing support for one side of the conflict. If 
PS is missing in a medical laboratory, survival 
mode for an individual may kick in possibly 
leading to acquiring social bonding resources, 
which could create assumptions, gossip, and 
cliques. The escalation of these behaviors oft-
en manifests in a toxic work environment.  

 

Strategies for creating psychological 
safety 
Creating PS in a medical laboratory can be 
accomplished as a leader, laboratory super-
visor, technologist, educator, or learner. All 
roles can contribute to an environment of high 
PS with empathy, recognition, and proper 
communication.3,9,10 Good communication incl-
udes feedback, another resource of a psycho-
logically safe environment.12 A medical labora-
tory should have a plan ready to create PS in 
the professional or educational environment. 
Create a plan based on whether the envir-
onment will be in-person, virtual, synchronous, 
or asynchronous. Also consider if the audience 
are employees learning a new skill, prof-
essional development, or if the audience are 
learners in an MLS program. Many of the same 
strategies to create PS can be used in any 
environment.  

A laboratory leader or supervisor sets the 
stage for PS. Enforcing openness, transp-
arency, and using supportive language invites 
participation.3,9 A leader or supervisor initiates 
interpersonal risk-taking by encouraging staff 
to ask questions and give input.2-4 For example, 
during a laboratory huddle a supervisor will ask 
for input on purchasing a new incubator, 
document suggestions, and take each sug-
gestion seriously.  

It is important to note that as a leader, it is 
not enough to invite participation, it is impor-
tant that the leader internalize the input or 
ideas and actively listen to others. A leader can 
role-model interpersonal risk-taking with hum- 
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ility, asking genuine questions that do not 
already have answers, admitting mistakes, and 
reporting errors.2 For instance, a technical 
specialist with oversight of programming 
instrument assays discovers a calculation error 
resulting in revised results. Rather than hiding 
the mistake, the technical specialist docu-
ments the investigation and shares the exp-
erience with others. This is a normal process, 
and in a PS environment the individual is 
comfortable correcting the error without fear 
of retaliation or punishment. 

It is also important for laboratory leaders to 
utilize employee recognition as a means to cre-
ate PS.9 Recognition does not have to be an 
honor, award, or celebration. Recognition can 
be given to staff through empathy, respect, 
and valuing different perspectives.3,10 An ex-
ample is a laboratory supervisor who keeps a 
list of employees, and each workday the super-
visor connects with a different employee with 
intention. The supervisor recognizes staff on a 
personal level.  

Recognition from a supervisor is important, 
however, recognition from peers not in a 
leadership or supervisory role may be more 
impactful in creating PS. Being a medical 
laboratory professional can sometimes be iso-
lating work creating a barrier for peer-to-peer 
recognition. Technical work can consume emp-
loyees and may prevent staff from using soft 
skills such as emotional intelligence. One way 
to promote peer-to-peer recognition beyond 
technical abilities and build soft skills is to 
rotate willing employees through a ‘chief hap-
piness/joy officer’ role in the medical labo-
ratory. Placing staff in a leadership-like role 
with the intent of recognizing joy is a safe 
environment to practice interpersonal risk-
taking. If this effort creates too much anxiety 
at the individual role, instead form a joy team. 
Bringing a team together to brainstorm ways to 
recognize one another and promote dialogue 
by conveying that recognition creates a 
psychologically safe environment.9 

Promoting dialogue through recognition is a 
good start for individuals in any MLS role 
toward creating PS to obtain feedback or 

participate in difficult conversations. Before 
offering feedback, especially in difficult situ-
ations, the initiator should propose a com-
munication plan upfront and ask for input on 
the plan from the recipient.6 The commun-
ication plan should include a date, time, and 
place to meet. Also include what the feedback 
or conversation will be about and allow the 
recipient to make changes to the plan. 
Proposing and following the communication 
plan helps to create PS for the recipient.  

Feedback is considered a resource and 
therefore should never be withheld.12 To cre-
ate PS when there is a power gap between the 
initiator and recipient engaged in the feedback 
or conversation, the leader should approach 
the conversation differently. The leader, whe-
ther the initiator or recipient, should bring 
humility, empathy, and encourage dialogue 
through open-ended questions and allow time 
for responses.6 The leader can show humility 
by admitting to their own mistakes or 
knowledge gap. For PS to be sustainable in 
feedback or difficult conversations, mistakes 
should be expected of both initiator and 
recipient, and allow an environment to 
practice communication.6 Psychological safety 
is present when MLS professionals can practice 
communication, make mistakes, and try again. 

Similar to creating PS in feedback, an MLS 
learning event should have a plan. Learning 
events such as simulations or professional 
development sessions taking place in-person 
can use the Work Team Learning (WTL) model. 
The WTL model helps to plan learning events 
to include concepts that create PS.3 First is 
preparation which includes orienting to 
environment, acknowledging emotions, and 
nonverbal communication.3 As in feedback, 
clarify date, time, environment, and topic. 
Different from feedback, include expectations 
of participants and objectives of the learning 
event. In MLS education courses, prepare lea-
rners with more than expectations, a syllabus, 
and contact information. Emphasize the 
common goals between educator and learner.7 
The educator can communicate to the learners 
how they hope to learn something new during 
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the time together or admit to the learners a 
knowledge gap in the topic and hopes of 
learning more by engaging with the learners.  

Second in the WTL model is confidence in 
the team. Creating confidence and trust in an 
in-person team includes the preparation of a 
non-threatening environment and allowing 
space for team members to receive clarity.3 
Step two may sound like preparation, but the 
first step takes place prior to the learning 
event. Creating confidence and trust in the 
team occurs at the beginning and during the 
learning event and is facilitated by the leader. 
The leader can make sure all questions and 
concerns are addressed throughout the learn-
ing event. For MLS education, create confi-
dence in the team by inviting participation and 
encourage the freedom of learner discussion 
and for the learners to draw own conclusions.7 
Freedom of discussion among learners may be 
easier for the learners if the educator 
previously emphasized the common goals and 
admitted to knowledge gaps. By doing so, the 
educator has created PS and exhibited inter-
personal risk-taking. 

Next in the WTL model is explicit and 
implicit actions. Actions or conduct of team 
members creates PS through transparency, 
confidentiality, respect, and nonverbal com-
munication such as eye contact.3 During the 
second step, confidence in a team, the leader 
can establish confidentiality and respect as an 
expectation by explicit verbal communication. 
Then all participants of the learning event 
must follow through to maintain the psycho-
logically safe environment. Participants can 
accomplish this by not interrupting other 
participants, being aware of facial expres-
sions, and not repeating any sensitive infor-
mation shared during the learning event. MLS 
educators must acknowledge emotions coming 
through nonverbal communication during the 
learning event.3,7 When uncomfortable emo-
tions are expressed, respond with respect, and 
continue to encourage communication and 
participation.7 For example, during an in-pers-
on MLS professional development session, a 
participant displays shaking of the head, eye 

rolls, and sighs. Without interrupting another 
participant, the educator asks this participant 
to share their thoughts. The educator’s non-
verbal expressions remain neutral, and the 
tone of voice is inviting.  

Finally, the WTL model evaluates the 
outcomes. The outcomes can be products, 
consequences, or effects and include anxiety, 
confidence, and engagement levels of team 
members.3 To evaluate the outcomes of a 
learning event, a survey can be given to the 
participants. The survey should include asses-
sment of the participant’s anxiety or stress 
level before and during the event, and confi-
dence of knowledge before and after the 
topic(s) discussed.  

The leader of the learning event can 
evaluate the engagement level of the part-
icipants by active dialogue during the event 
and survey responses. An MLS educator should 
evaluate whether the participants performed 
as a team, and whether the event was 
learning-centered. Keeping the team learning-
centered encourages PS and growth.7 Learner 
growth occurs because the environment is 
deemed safe by the learners, allowing more 
inter-personal risk-taking. The educator should 
also provide positive feedback to the learners 
and reward growth over performance.7 The 
positive feedback from the educator to the 
learners is reward or recognition of the 
learners’ growth.  

The most important WTL model concept 
used in creating PS in virtual MLS education is 
preparation.3,7,11 Virtual MLS education envir-
onments, either synchronous or asynchronous, 
must create PS. Building positive and trusting 
relationships with learners can be more 
challenging in a virtual environment where live 
communication is used sparingly, if at all. An 
educator can build transparency and reduce 
anxiety by preparing learners for virtual 
interactions and communications. An example 
of preparing for a virtual educational experi-
ence is to hold a virtual orientation before a 
course, simulation, or event for learners to int-
eract with the learning management system, 
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work out technical difficulties, and ask addi-
tional questions. An opportunity for a virtual 
and live interaction with the educator during 
the orientation should be offered. If the edu-
cation event duration is short or only offered 
asynchronously, the first few minutes should 
include instruction to help the learner engage 
in the educational process. 

Additional changes to a synchronous virtual 
MLS learning environment can be made so 
learners come to expect a non-intimidating 
experience.3 The strategies are simple and 
may have a large impact for the learners. Do 
not require cameras to be on and allow 
communication through a chat feature.13 Limit 
participant size to ten learners or less and do 
not record the event when possible.13 If 
recording is necessary, inform learners recor-
ding will take place. If possible, allow learners 
to self-schedule or have flexibility in sche-
duling a learning event. These strategies give 
the learners autonomy to choose 
how to create a psychological safe 
space best for individual learning in 
a virtual and synchronous environ-
ment.  

Another strategy to create PS 
for new MLS professionals or 
students is through near-peer men-
toring. Near-peer mentoring for 
new professionals is when men-
toring is more relatable between 
mentor and mentee.14 For example, 
an experienced MLS professional 
may be the best individual to train 
a new professional, however, they 
may not have much in common with 
each other. Pairing the new 
professional up with another 
employee who is more relatable 
may benefit the mentee-mentor 
relationship. The closer or more relatable a 
mentor and mentee, PS is higher for the men-
tee.14 Near-peer mentoring is not designed to 
limit who the educator or trainer is but to help 
to create an inviting environment for the new 
learner.  

How will the MLS leader, professional, 
educator, or learner know PS has been created 
and successful in the environment? Most asses-
sment tools for evaluating PS in an env-
ironment are subjective.15 Subjective asses-
sments include changes in behaviors. Whether 
explicit or implicit actions, both can be mea-
sured before versus after an in-person or 
virtual education or professional event. Sub-
jective assessments can also be used for lab-
oratory meetings in the professional work unit. 
An example of explicit behaviors would include 
more participants speaking up in a group, and 
examples of implicit behaviors are appropriate 
non-verbal communications such as eye con-
tact and active listening. For example, before, 
during, and after a work unit medical 
laboratory meeting, have an individual assess 
the implicit and explicit actions observed to 
compare before and after implementation of 
PS strategies (Table 2).  

Surveys are another way to assess the level 
of PS in the environment. After an MLS educat-
ional event whether in-person or virtual, such 
as professional development or training, the 
educator or facilitator can send out a survey to 
participants. By making the survey anonymous 
PS is maintained.  Questions  on  the  survey to 

Table 2. Explicit and Implicit Strategies Contributing to Psychological Safety 
Strategy Before MLS* 

Meeting 
During MLS* 
Meeting 

After MLS* 
Meeting 

Implicit 
Actions or 
Behaviors 

Private 
Environment 

Behavioral 
Integrity 

Behavioral 
Integrity 

Arrive Early Empathy Positive Affect 
Circular Seating Pause to Listen Positive Regard 
Co-facilitator 
Positioning 

Positive Affect Confidentiality 

Mindful of timing Positive Regard - 
- Eye Contact - 

Explicit 
Actions of 
Behaviors 

Clarify 
Expectations 

Authenticity Express 
Appreciation 

Confidentiality Inclusivity Invite Feedback 
Transparency Validation & 

Paraphrasing 
Offer Support 

Inclusive 
Language 

Curiosity & 
Appreciation 

- 

Commit to 
Respect 

Normalization - 

Attend to 
Logistics 

Vulnerability - 

 

*Medical Laboratory Science 
 
Modified from: Kolbe M, Eppich W, Rudolph J, Meguerdichian M, Catena H, Cripps A, et al. 
Managing psychological safety in debriefings: a dynamic balancing act [Internet]. BMJ 
simulation & technology enhanced learning. 2020 [cited 2023 Oct 21];6(3):164. Available 
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8936758/.  
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assess PS for participants can be taken from 
the General Health Questionnaire (GHQ-12) 
which is a tool that has been validated to 
measure PS.12 The GHQ-12 survey is typically 
used for quantitative analysis of mental health 
and was developed in 1988 by Goldberg and 
Williams.12,16 Examples of questions on the 
GHQ-12 survey are how the participant felt 
during the event and what, if any, resources 
were unavailable to help the participant 
succeed. Using exact questions from the GHQ-
12 survey may not be necessary in a medical 
laboratory assessment of PS. However, the 
GHQ-12 survey may serve as a model to 
determine the correct questions to ask and 
evaluate if PS strategies are successful. 

 

Discussion 
The purpose of creating PS in an MLS 
professional or educational in-person and 
virtual setting is to improve workplace culture. 
Studies have shown PS will create a more open 
environment for interpersonal risk-taking.1,2,4,6 
Additionally, interpersonal risk-taking may 
lead to increased collaboration among teams, 
and individuals may have a better sense of 
professional identity. Furthermore, adding 
simple PS strategies to virtual MLS education 
impacts learner agility.  

Psychological safety creates a positive 
workplace culture. The positive culture is att-
ributed to decreases in turnover, absenteeism, 
and adverse events, all of which correlate to 
high levels of PS.4,9 Consequently, increases 
are seen in retention and engagement of staff 
working in an environment with PS.3,4,7,9 MLS 
professionals that experience staff satisfaction 
in the workplace environment may be more 
likely to stay in the profession and participate 
in internal and external activities such as 
volunteering for process improvements and for 
activities in professional organizations. There 
is also increased stewardship and a general 
feeling of compassion and kindness.4 An MLS 
environment may start to feel like a family 
where encouragement and compassion are 
readily given not only for professional conduct, 
but also for personal events. 

The characteristics of an environment with 
high levels of PS foster teamwork. Psych-
ological safety within a team creates better 
connections among team members leading to 
increased learning.9 Consider an MLS learning 
event such as a one-hour professional develop-
ment session on crucial conversations, and the 
participants and facilitator of the learning 
event are considered the team. With PS 
communication is better, and collaboration 
and innovation thrive.9,14 The MLS professional 
development session with PS strategies inc-
luded may provide more ideas by and for the 
learners than the facilitator anticipated. With 
PS at the team level, mistakes are tolerated, 
and encouragement, compassion, and forgive-
ness are present among team members.4 
Teams with characteristics of high levels of PS 
build trust. Team members with that trust lead 
to better performance.9 An MLS learning event 
may be more successful using PS strategies. 
The educational alliance between educator/ 
learner or trainer/trainee increases.14  

Individuals in the MLS profession may 
develop professional identity because of PS. 
Professional identity is associated with self-
confidence and a sense of purpose which 
increases, and anxiety decreases when PS is 
present.2,3,9,11,17 Even with PS present an MLS 
professional, and learner may feel vulnerable. 
However, PS allows inter-personal risk-taking 
despite feeling vulnerable, and individuals can 
increase connections.9,10 

These inter-personal connections between 
MLS professionals, educators, and learners can 
lead to recognition. A sense of being heard 
through recognition leads to validation and 
individuals exhibiting characteristics of high 
PS.10 High levels of PS keep people motivated 
and individuals start to notice the value in 
other perspectives.2-4 Based on research of PS, 
a lifecycle for MLS on creating PS is described 
in Figure 1. The outcome of implementing PS 
may not only be in motivation of job 
performance and learning agility but also 
motivation to support on-going PS. 
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*Psychological Safety (PS) 

 

Figure 1. Psychological Safety Creation Lifecycle in 
Medical Laboratory Science 

 

Implementation of strategies to create 
psychological safety in MLS lead to interpersonal 
risk-taking. Increased interpersonal risk-taking 
leads to connections and recognition among MLS 
professionals and learners. MLS professionals and 
learners become more motivated and engaged, and 
creating psychological safety in MLS is sustainable. 

 
Similar outcomes are expected where PS 

has been incorporated for MLS virtual edu-
cation. Psychological safety increases the 
usefulness of virtual learning.18 Without PS in 
the virtual learning environment, interpers-
onal risk-taking may be reduced and connec-
tions lost. Psychological safety increases the 
wellbeing of educators and learners creating 
connections in a virtual education setting.19 
Without connections, motivation, and engage-
ment, the virtual learning environment may 
lose its usefulness, and the educational alli-
ance may be weakened.  

Despite the clear advantages of PS, 
opposing views suggest PS does not directly 
correlate to outcomes. PS is viewed only as a 
mediator for team learning.17 When PS is 
viewed as a mediator, other resources are 
needed in combination to achieve desired out-
comes such as a positive workplace culture. 

One of the resources suggested is felt account-
ability.17 Felt accountability is the “expect-
ation that one's decisions and behaviors will be 
evaluated by a salient audience and receive 
reward or sanctions.”20 If this were true for 
MLS, the idea of felt accountability, or the 
constant feeling of being evaluated, may not 
help with PS in a medical laboratory envir-
onment. Felt accountability could be a barrier 
to PS.  

Although there are clear advantages to 
improving PS, the overall concept may fall vic-
tim to the Too-Much-of-a-Good-Thing (TMGT) 
effect. Too much PS could lead to unethical 
behavior such as choosing what is beneficial 
over what is right.5 Too much PS may also 
decrease individual team members effort and 
motivation which decreases interpersonal risk-
taking.17 Unethical interpersonal risk-taking 
can lead to a bad reputation.5 In MLS, PS is 
TMGT when the medical laboratory environ-
ment has such a high a level of PS that certain 
employees communicate in an unethical man-
ner. For example, a medical laboratory tech-
nologist feels safe enough at work to use inti-
midating and repressive verbal and non-verbal 
communication when questioned by a co-
worker on following a procedure. The cowork-
er attempts to inquire about the expiration 
date after preparation of a reagent, and the 
expiration date on the reagent label differs 
from what is written in the standard operating 
procedure. The medical laboratory technolo-
gist responds with “this is how it has always 
been” with arms crossed. Situations such as 
this are where felt accountability may be 
valuable.  

Other limitations to consider regarding a 
virtual environment either in education or a 
workplace meeting are the challenges of 
communication and emotions. Remote inter-
actions may cause adverse effects such as 
feelings of loneliness, discomfort, and detach-
ment.18,21 Communication in virtual environ-
ments tends to be informal and spontaneous 
and not all necessary stakeholders are always 
included.21 The combination of both isolation 
and miscommunication makes for a damaging 

Implement 
strategies to 
create PS*

Interpersonal 
risk-taking 
increases

Connections 
and 

recognition

Motivation 
and 

engagement
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combination in the virtual environment for MLS 
education and professionals. Distress is the 
outcome of such an environment and indivi-
duals are not successful.22 Instead use PS to 
mitigate distress, especially during times of 
uncertainty.17 Creating PS in a virtual environ-
ment may ease the challenges of communi-
cation and emotions. 

 

Conclusion 
Creating PS in a medical laboratory provides 
more benefits than adverse outcomes. When 
all roles in a medical laboratory commit to 
creating PS, the entire team will perform 
better. A few simple changes to a virtual 
environment will increase engagement and 
participation. To study these outcomes more 
accurately in MLS professionals and learners, 
PS must first be created. More research is also 

needed to determine if felt accountability is an 
asset or a barrier of PS. Suggested next steps 
are for MLS professionals, educators, and 
learners to evaluate PS in the environment 
whether virtual or in-person. Then implement 
strategies to create PS. Once strategies have 
been implemented, take a pulse on the 
environment and be open to feedback on the 
strategies.  

A misconception is PS makes learning more 
engaging by being enjoyable.23 PS is not about 
creating a comfort or complaining zone.17 MLS 
professionals, educators, and learners can 
work through the discomfort in open and 
encouraging communication. Medical labora-
tory professionals can create positive work and 
learning environments using simple PS strate-
gies.
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