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A R T I C L E  I N F O A B S T R A C T

Background

Clinical laboratory testing is a highly complex pro-
cess involving a different procedure. Laboratory er-
rors may occur at any stage of the test process, but 
most errors occur during extra-analytical phases. The 
magnitude of clinical laboratory errors, in particular 
extra-analytical errors, was inconsistent in different 
studies.

Methods

A systematic review and meta-analysis were con-
ducted based on the Preferred Reporting Items for 
Systematic Review and Meta-Analysis guidelines. The 
extracted data were entered into a Microsoft Excel 
spreadsheet and transferred to STATA version 11 for 
the analysis. Random effect model was used to es-
timate pooled prevalence of extra-clinical laboratory 
errors and I2 statistic was used to assess heterogeneity 
between the studies. Funnel plot analysis and Egger 
weighted regression test were performed to detect 
the publication bias. Egger weighted regression test 
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with P-value <0.05 was considered to be a sta-
tistically significant publication bias. 

Results

A total of 1,381 studies were searched, 19 were 
included in this systematic review and meta-
analysis. A total of 621,507 pre-analytical and 
51,859 post-analytical outcomes of quality 
indicators were reported. A total of 145,515 
samples were assessed for rejection and 62,513 
laboratory requests were evaluated for incom-
pleteness. The pooled prevalence of pre-ana-
lytical and post-analytical errors in Africa was 
17.5% (95% CI: 11.55, 23.45) and 10.99% (95% 
CI: 5.30, 16.67) respectively. The pooled preva-
lence of specimen rejection and laboratory re-
quest forms incompleteness in Africa was 2.0% 
(95% CI: 0.86, 3.14) and 7.55% (95% CI: 2.30, 
12.80) respectively.

Conclusion

The study found high prevalence of pre- and 
of post-analytical clinical laboratory errors in 
Africa. In addition, the study showed that the 
standard completion of the laboratory request 
forms was poor and there were significant num-
bers of specimen rejections. Therefore, clinical 
laboratories should ensure compliance with 
standard operating procedures, the laboratory 
information system, the cooperation of the en-
tire staff and the targeted training of sample 
collectors.



INTRODUCTION 

Clinical Laboratory services play an important 
role in the diagnosis and monitoring of diseases 
in the health-care system (1) and approximate-
ly 80% of all diagnostics are performed on the 
basis of laboratory tests (2). Clinical laboratory 
testing is a process that generally consists of pre-
analytical, analytical and post-analytical phases. 

The pre-analytical phase covers all the processes 
from the time of request by the physician until 
specimen processing before analysis, while the 
analytical phases includes the analysis of the 
patient sample and the post-analytical phases 
refers to the activities performed after actual 
analysis of the sample (3).

Laboratory errors may occur at any phase of the 
testing process, but majority of the errors occur 
in the pre- and post-analytical phases, which ac-
count for 93% of the total errors. The pre-analyt-
ical phase is a major source of laboratory errors 
that have a significant impact on the outcome 
of other phases. It is estimated that about 70% 
of the errors observed in the laboratory are due 
to the pre-analytical errors (4). Common pre-an-
alytical errors are: ordering inappropriate tests, 
incomplete requisition forms, invalid handwrit-
ing on forms, failure to identify the patient, in-
correct sampling time, hemolysis of samples, li-
pemic samples, inappropriate sample transport 
and storage (3). 

Following pre-analytical errors, a high error rate 
(18.5–47% of total errors) occurred in the post-
analytical phase (5). Common post-analytical 
errors include failure to report critical values, 
prolonged turnaround time (TAT), transcription 
error and incorrect interpretation of labora-
tory results (6). Its nature of complexity makes 
laboratory errors heterogeneous and difficult to 
measure. The majority of clinical laboratory er-
ror studies used different study designs; study 
periods, sample sizes, quality indicators (QIs) 
and reporting techniques (5). Therefore, it is 
important to ensure that care has to be taken 
in each and every step of the laboratory service 
(7, 8). 

Quality indicators are objective measures of 
quality laboratory service that can evaluate all 
phases of the total testing process (TTP) and can 
be applied over time across all sections of the 
laboratory. Therefore, it is important to ensure 
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systematic and consistent data collection/anal-
ysis by using comprehensive set of indicators 
addressing all phases of the TTP (9). 

In most African countries, clinical laboratory 
services are still below standard and the partici-
pation of laboratories in accreditation is below 
the expected level. The aim of this study was to 
estimate the pooled magnitude of extra-analyt-
ical clinical laboratory errors. The implementa-
tion of objective measures and quality policies 
will ensure that clinical laboratories provide ef-
ficient and customer-based services that pro-
vide staff and customer satisfaction.

EXTRA ANALYTICAL ERRORS 
IN AFRICAN CLINICAL LABORATORIES

Most of the studies conducted on clinical labo-
ratory errors used different data collection ap-
proaches, different time periods for data collec-
tion, and included different laboratory sections 
and different reporting methods (10). In the 
current study, the articles included showed vari-
ations in quality indicators and the magnitude 
of errors was inconsistent. 

According to the current review in Africa, the prev-
alence of pre-analytical errors ranged from 2.7 % 
(11) to 43.7% (12) based on the total outcomes 
of the QIs. The significant variation between the 
findings of the studies may be due to the differ-
ence in the study design and sample size. 

In addition, clinical laboratory specimens which 
are sent to the laboratory often lead to rejection 
due to different reasons, such as: hemolysis, 
clotted, insufficient volume and lipemic speci-
mens. It is estimated that the majority of labo-
ratory specimens are rejected due to hemoly-
sis (13). In the current study, the magnitude of 
specimen rejection ranged from 0.28 % (14) to 
4.6% (15). The variation between the findings 
may be due to the difference in the study design 
and sample size used, in particular the retro-
spective studies may be affected by the quality 

of records, and the occurrence of rejection may 
not be properly documented.

In the pre-analytical phase, the first step is to 
fill in the laboratory request form. The infor-
mation required to be provided in the request 
forms includes: clinician and patient details, di-
agnosis, medications and the requested tests. 
Failure to fill all the required information may 
confuse the laboratory and incorrectly interpret 
the test results, and even the life-threatening 
emergency tests may be omitted from the anal-
ysis until such errors resolved (13). The current 
study showed a high degree of incompleteness 
in laboratory test request form (LRF) and the 
study findings varied from 4.8% (15) to 40.1% 
(16). The variation may be due to the difference 
in sample size and the number of pre-analytical 
QIs in the LRF. The findings of studies conducted 
in Ethiopia by Ali M and Addis Z, et al showed a 
consistent level of LRF incompleteness that may 
be due to the similar QIs, duration of data col-
lection, study design and study area (16, 17).

Post-analytical phase is the final phase of the 
total testing process, which includes the evalua-
tion of laboratory test results; the timely report-
ing of test results, the storage and disposal of 
samples, the archiving of laboratory documents 
and records (18). In the current study, post-
analytical errors showed a high variation of re-
sults ranging from 1.3% (19) to 33.3% (20). This 
variation may be due to the difference in study 
design, sample size and study area. The imple-
mentation of laboratory information system in 
clinical laboratories could improve post analyti-
cal errors and QIs have also been used to quan-
tify the performance of laboratories (9, 10). 

METHODS

Data source, protocol and registration 

The systematic review protocol was registered 
with the International Prospective Register of 
Systematic Reviews (with the PROSPERO CRD- 
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42020170040). This systematic review and me-
ta-analysis on extra-analytical clinical laborato-
ry errors was performed based on the Preferred 
Reporting Items for Systematic review and Meta-
analysis (PRISMA) guideline (21). The findings of 
different articles were included in this review to 
determine the pooled prevalence of extra-ana-
lytical clinical laboratory errors in Africa. 

The studies were found using the PubMed, 
Scopus, Web of science, Google Scholar and 
Cochrane Library databases via internet search-
es. All published literature was searched until 
December 2019 and searches in the PubMed 
were conducted under the following keywords 
and Medical Subject Headings (MeSH) (22): 
Clinical OR Medical [All Fields] AND Laboratory 
[All Fields] AND “Pre-analytical errors” OR “Post-
analytical errors” [All Fields] “Pre-examination er-
rors” OR “Post-examination errors” [All Fields] OR 
“Clinical Chemistry” OR “Clinical Biochemistry” 
[All Fields] AND Africa [All Fields]. In addition, we 
used the MeSH terms for specimen rejection and 
incompleteness of laboratory request form as: 
Clinical OR Medical [All Fields] AND Laboratory 
[All Fields] AND “specimen rejection” OR “sam-
ple rejection” OR “incompleteness of laboratory 
request form” [All Fields] OR “Clinical Chemistry” 
OR “Clinical Biochemistry” [All Fields] AND Africa 
[All Fields].

Study selection and outcomes 

Studies conducted on extra analytical clinical 
laboratory errors in African countries were in-
cluded in this systematic review and meta-anal-
ysis. Duplicate articles were removed, and the 
remaining articles were screened based on their 
title and abstract. Finally, full-text articles were 
evaluated using inclusion and exclusion criteria, 
and eligible studies were included into the sys-
tematic review and meta-analysis. 

The prevalence of pre-analytical and post-ana-
lytical errors in each study was calculated using 

the number of defects/failures as the numera-
tor; and total outcomes QIs (sum of “defects” 
and “successes”) reported as the denominator. 
Prevalence of pre-analytical and post-analytical 
errors were our primary outcome measures. In 
addition, specimen rejection and incomplete-
ness of LRF were also our study outcome, which 
are the component variables of the pre-analyt-
ical errors.

Eligibility criteria

All articles conducted on clinical laboratory er-
rors in African countries with clear abstracts, 
objectives, methodologies (cross-sectional or co-
hort study designs), and published in English lan-
guage were included in this study. Any published 
articles conducted on pre-analytical errors, post-
analytical errors, laboratory specimen rejection 
and LRF incompleteness with clear results and 
two or more QIs were included into this system-
atic review and meta-analysis. 

Review articles and other non-original docu-
ments, e.g. reports, commentary, case-report and 
case-series studies and duplicated articles were 
excluded from the study. In addition, articles with 
unknown study designs, published in languages 
other than English, and studies with biased and 
inappropriate results were also excluded.

Data extraction and quality assessment

Studies which fulfilled the eligibility criteria were 
subjected to data extraction by three reviewers 
through prepared data extraction sheet. The 
three reviewers worked independently, and the 
findings were carefully cross-checked. Any differ-
ence between the data extractors was resolved 
by discussion and consensus through verifica-
tion. Absolute and relative frequencies of extra-
analytical clinical laboratory errors were extract-
ed for further analysis. 

In all of the selected studies: author, study area, 
study period, year of publication, study design, 
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sample size and prevalence of extra-analytical 
clinical laboratory errors were extracted. That 
data was entered into Microsoft Excel. The qual-
ity of the articles was assessed by the reviewers 
based on the Joana Brigg’s institute critical ap-
praisal checklist for prevalence studies (23). 

Statistical analysis 

The data entered into the Microsoft excel sheet 
was exported to the STATA version 11 statisti-
cal software for further analysis. The prevalence 
of pre-analytical and post-analytical error was 

analyzed using random effect model. Subgroup 
analysis was performed on the prevalence of 
pre-analytical errors between middle income and 
low-income African countries.

In addition, the pooled prevalence of specimen 
rejection and of the incompleteness of LRF were 
analyzed.

Variability between studies (heterogeneity) was 
evaluated using I2 Statistic with values of 25%, 
50% and 75% interpreted as low, moderate and 
high heterogeneity respectively (24). Publication 

Figure 1 A flow chart showing the phases of  selecting the literatures 
for the systematic review and meta-analysis
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bias between the studies was tested by funnel 
plots analysis and Egger weighted regression 
test. The P value <0.05 in the Egger’s test was 
considered as evidence of statistically significant 
publication bias (25). 

RESULTS

Literature search results

The search results were found in 43 African coun-
tries and a total of 1,381 articles were retrieved 
from the databases. Of the total, 164 duplicat-
ed searches were removed, and the remaining 
1,217 searches were screened by the title of the 
study. In addition, 77 articles were removed on 
the basis of abstract review and a full assessment 
of the paper was carried out in the 72 articles. 
Furthermore, 53 articles were excluded from the 
study based on the exclusion criteria. Finally, 19 
articles were found to be eligible and included in 
the analysis (Figure 1). 

Study characteristics

Of the 19 studies, 8 were conducted in Ethiopia 
(12, 16, 17, 19, 26-29), 3 in South Africa (30-32), 
3 Nigeria (14, 33, 34), 2 Egypt (15, 20), 2 Kenya 
(11, 35) and 1 Uganda (36). Of the total studies, 
5 studies were conducted on both pre-analyti-
cal and post-analytical phases of clinical labora-
tory errors; however, 3 studies were conducted 
only on the pre-analytical phase clinical labora-
tory errors. 

In the beginning, 8 studies with 621,507 pre-an-
alytical and 51,859 post-analytical QIs outcomes 
were included. The overall outcomes of QIs 
with two possibilities: “success” and “defect/
failure” or “yes” and “no” in the both phases 
were 673,366. The study periods varied from 1 
month to 13 months and the lowest and highest 
prevalence of pre-analytical errors were 2.7% 
and 43.7%, respectively. In addition, the low-
est and highest post-analytical error rates were 
1.3% and 33.3% respectively (Table 1).

In addition, six studies were included and a total 
of 145,515 samples were assessed for the pooled 
prevalence of specimen rejection. The lowest 
prevalence of sample rejection was 0.28%, but 
the highest reported prevalence of specimen  
rejection was 4.6% with a study period ranged 
from 2 weeks to 3 years (Table 2). 

Furthermore, 14 studies were included and a 
total of 62,513 LRFs were evaluated for LRF in-
completeness. The overall outcomes of QIs in 
evaluating the LRF were 547,777. The lowest 
prevalence of incompleteness in LRF was 4.8% 
(15), but the highest prevalence of incomplete-
ness in LRF was 40.1% (16). The finding highlights 
the need to review and update the LRF, improve 
training and communication between the labo-
ratory and clinical staff, and review the practice 
for specimen rejection (Table 3).

Prevalence of pre-analytical errors 
in African clinical laboratories

In random-effect model analysis, the pooled 
prevalence of pre-analytical clinical laboratory 
errors in Africa was 17.5% (95% CI: 11.55, 23.45) 
(Figure 2). 

Slightly higher preanalytical error was found in 
low income 17.65% (95% CI: 6.09, 29.21) than 
in middle income 17.35% (95% CI: 8.22, 26.49) 
African countries.

The pooled prevalence of incompleteness 
in LRF in African clinical laboratories

In random-effect model analysis, the pooled 
prevalence of LRF incompleteness in Africa was 
19.6% (95% CI: 14.17, 25.05) (Figure 3). 

The pooled prevalence of specimen 
rejection in African clinical laboratories

In random-effect model analysis, the pooled 
prevalence of specimen rejection in Africa was 
2.0% (95% CI: 0.86, 3.14) (Figure 4). 
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S. N. Author
Study 
area

Sample size Year 
Pre-A 
N (%)

Post-A 
N (%)

Laboratory 
section 

1 Rizk MM, 
et al

Alexandria, 
Egypt

31, 944 requests and 
50,440 samples 

(252,200 Pre-A and 
27,612 Post-A Qis) 

2014 13,067 
(5.2%)

4,540 
(16.4%)

Clinical 
Chemistry

2 Sharaki O, 
et al

Alexandria, 
Egypt

514 RWS 
(8,426 Pre-A and 
1,461 Post-A QIs 

outcomes)

2014 3,684 
(43.7%)

487 
(33.3%)

Clinical 
Chemistry

3 Addis Z, 
et al

Gondar, 
Ethiopia

1,533 RWS 
(21,462 Pre-A QIs) 2015 6,227 

(29%) N/A

Clinical 
Chemistry 

and 
Hematology

4 Wondimagegn 
MW, et al

Oromia, 
Ethiopia

754 RWS 
(7,540 Pre-A QIs) 2016 751 

(10%) N/A Hematology 
and CD4

5 Kimengech KK, 
et al

Nairobi, 
Kenya

346 RWS 
(5,536 Pre-A and 
4,844 Post-A Qis)

2017 148 
(2.7%)

84 
(1.7%)

Clinical 
Chemistry

6 Ambcahew S, 
et al

Gondar, 
Ethiopia

3,259 RWS 
(948,885 Pre-A and 
9,777 Post-A Qis)

2018 3,379 
(6.9%) 

291 
(3%)

Clinical 
Chemistry

7 Tadesse H, 
et al

Addis 
Ababa, 

Ethiopia

1,633 RWS 
(17,570 Pre-A and 
8,165 Post-A QIs 

outcomes)

2018 4,337 
(24.7%)

104 
(1.3%)

Clinical 
Chemistry

8 Isa HA, 
et al Jos, Nigeria 15,287 RWS 

 (259,888 Pre-A QIs) 2018 46,413 
(17.9%) N/A

More 
than 2 Lab 

sections

Table 1 The descriptions of  the included studies conducted on pre-analytical 
and post-analytical errors in African clinical laboratories

RWS=request with sample, Qis=quality indicators, Pre-A=pre-analytical, Post-A=post-analytical, N/A=not available, 
S.N.=Serial number.
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S. N. Author
Study 
area

Year Study design 
Study 
period

Sample 
size

Sample 
rejection 

N (%)

Laboratory 
section 

1 Jacobsz LA, 
et al

Cape 
Town, 
South 
Africa

2011 Retrospective 2 wks. 32,910 481 
(1.46%)

Clinical 
Chemistry 

and 
Hematology

2 Rizk MM, 
et al

Alexandria, 
Egypt 2014 Comparative 

cross- sectional 7 mos. 50,440 2,314 
(4.6%)

Clinical. 
Chemistry

3 Tesfaw HM, 
et al

Addis 
Ababa, 

Ethiopia
2015 Cross-sectional 16 mos. 8,063 116 

(1.44%)
More than 2 
Lab sections

4 Jegede F, 
et al 

Kano, 
Nigeria 2015 Retrospective 3 yrs. 7,920 22 

(0.28%)
More than 2 
Lab sections

5 Shiferaw 
MB, et al

Bahirdar, 
Ethiopia 2018 Retrospective 22 days 42,923 221 

(0.5%)
More than 2 
Lab sections

6 Ambcahew S, 
et al

Gondar, 
Ethiopia 2018 Cross-sectional 2 mos. 3,259 123 

(3.8%)
Clinical 

Chemistry 

Table 2 The descriptions of  the included studies conducted on sample rejection 
in African clinical laboratories

Qis=quality indicators, LTR=Laboratory test request, mos.=months, wks.=Weeks, Yrs.=years, 
S.N.=serial number.

S.N. Author Study area Year Sample size
Incomplete 

LRF
Laboratory 

section

1 Nutt L, 
et al

Tygerberg, 
South 
Africa

2008 2,550 LTR 
(38,250 total Qis)

5,818 
(15.2%) Pathology

2 Zemlin AE, 
et al

Cape Town, 
South 
Africa

2009 482 LTR  
(3,856 total Qis)

873 
(22.6%) Pathology

3 Atewu A, 
et al

Addis  
Ababa, 

Ethiopia
2014 960 LTR 

(7680 total Qis)
1,434 

(18.7%)
More than 2 Lab 

sections

Table 3 The descriptions of  the included studies conducted on 
LRF incompleteness in African clinical laboratories
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The pooled prevalence of post-analytical 
errors in African clinical vaboratories

In random-effect model analysis, the pooled 
prevalence of post-analytical errors in Africa 
was 10.99% (95% CI: 5.30, 16.67) (Figure 5).

Heterogeneity, publication bias 
and sensitivity analysis

The I2 statistics showed a high level of heteroge-
neity (99.7%, 99.9%, 100% and 100%) between 
the included studies for all outcome variables. 
In order to minimize heterogeneity, the pooled 

prevalence of pre-analytical, post-analytical er-
rors, specimen rejection and LRF incomplete-
ness was estimated using the random-effects 
model and sub-group analysis conducted based 
on economic status of the study country.

In addition, the overall result of the Egger’s test 
indicated that no publication bias was found 
on the pooled estimate of pre-analytical errors 
(P=0.377), post-analytical errors (P=0.352) and 
specimen rejection (P=0.229). However, the pub-
lication bias was found in the pooled estimate 
of LRF incompleteness (P=0.007). 

4 Rizk MM, 
et al

Alexandria, 
Egypt 2014

31, 944 LTR 
(223,608 total 

Qis)

10,753 
(4.8%)

Clinical 
Chemistry

5 Sharaki O, 
et al

Alexandria, 
Egypt 2014 514 LTR  

(3,598 total Qis)
366 

(10.2%)
Clinical 

Chemistry

6 Addis Z, 
et al

Gondar, 
Ethiopia 2015 1,533LTR  

(15,330 total Qis)
6,153  

(40.1%)
Chemistry and 

Hematology

7 Ali M Hawassa, 
Ethiopia 2015 1,900 LTR, 

(22,800 total Qis)
8,984 

(39.4%)
More than 2 Lab 

sections

8 Wondimagegn 
MW, et al

Oromiya, 
Ethiopia 2016 754 LTR 

(3,770 total Qis)
579 

 (15.4%)
Hematology and 

Immunology

9 Jegede F, 
et al

Kano, 
Nigeria 2016 1,085 LTR  

(19,530 total Qis)
2,797 

(14.3%)
Blood 

transfusion

10 Ambcahew S, 
et al

Gondar, 
Ethiopia 2018 3,259 LTR  

(32,590 total Qis)
3,256 
(10%)

Clinical 
Chemistry

11 Isa HA, 
et al

Jos, 
Nigeria 2018 15,287 LTR 

(152,870 total Qis)
28,826 
(19%)

More than 2 
sections 

12 Tadesse H,  
et al

Addis 
Ababa, 

Ethiopia
2018 1,633 LTR  

(16,330 total Qis)
3,944 

(24.2%)
Clinical 

Chemistry

13 Namwase B Makerere, 
Uganda 2018 323 LTR 

(3230 total Qis)
579 

(17.9%) Pathology 

14 Kipkulei JC,  
et al

Eldoret, 
Kenya 2019 289 LTR 

(4335 total Qis)
984 

(22.7%) Hematology

Qis=quality indicators, LTR=laboratory test request, LRF=laboratory test request form, Clinical.C= Clinical Chemistry.
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Figure 2 Forest plot on the prevalence of  pre-analytical errors 
from random effect model analysis
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Figure 3 Forest plot on the prevalence of  incompleteness in LRF  
from random effect model analysis
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Figure 4 Forest plot on the prevalence of  specimen rejection 
from random effect model analysis
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As a result, trim and fill analysis was used to 
overcome the impact of small-study effect, 8 
additional studies were filled to the model, and 
a pooled estimate of LRF incompleteness in the 
random-effect model was found to be 7.55% 
(95%CI: 2.30, 12.80). 

Sensitivity analysis was conducted on the prev-
alence of pre-analytical errors, post-analytical 

errors, LRF incompleteness and specimen rejec-
tion in Africa. A random effect model was also 
used to analyze the sensitivity tests to evalu-
ate the effect of each study on the pooled esti-
mates by omitting each study stepwise. And the 
analysis showed that the omitted studies have 
no significant effect on the pooled prevalence 
of pre-analytical errors.
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Figure 5 Forest plot on the prevalence of  post-analytical errors 
from random effect model analysis
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DISCUSSION 

Laboratory errors may occur at any phase of the 
TTP and can directly lead to increased health-
care costs, reduced patient satisfaction, delayed 
diagnosis, misdiagnosis and serious risk to the  

 

health of the patient (37). Therefore, this study 
was conducted to determine the pooled preva-
lence of pre- and post-analytical errors, speci-
men rejection and LRF incompleteness in African 
countries. 
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In the current study, the prevalence of pre-ana-
lytical errors ranged from 2.7% to 43.7%. The 
significant difference between these findings 
may be attributed to the variation in the num-
ber of Qis, study design, sample size and the 
performance of laboratories. Studies conducted 
by Sharaki O, et al (20) and Addis Z, et al (16) 
revealed high prevalence of pre-analytical errors 
which may be due to the similarities in the study 
design, QIs data collection procedure and opera-
tional definitions. The lowest prevalence of pre-
analytical errors may be due to different meth-
ods of data collection, the presence of dedicated 
staffs and the participation of the laboratory in 
the accreditation process. 

In addition, the prevalence of specimen rejec-
tion (0.28% to 4.6%), incompleteness of LRF 
(4.8% to 40.1%) and post-analytical errors (1.3% 
to 33.3%) also revealed a wide inconsistency 
between the studies in Africa. This variation 
may be due to the difference in the sample size, 
the awareness of clinicians, the operational def-
inition of laboratory errors, the quality require-
ments of the laboratory and the dedication of 
health professionals.

In random effect models, the pooled estimate of 
pre-analytical errors and post-analytical errors 
in Africa was 17.5% (95% CI: 11.55, 23.45) and 
10.99% (95% CI: 5.30, 16.67) respectively. The 
findings of this study were much higher than 
a study conducted in Iran (pre-analytical 4.1% 
and post-analytical 0.74%) (38) and Pakistan 
(pre-analytical error 0.02% and post-analytical 
error 0.01%) (39). This may be due to variations 
in the study area, sample size, laboratory infor-
mation system, the status of laboratory accredi-
tation and socio-economic differences between 
countries. The studies included in this systemat-
ic review and meta-analysis were conducted in 
Africa where limited resources and substandard 
facilities available. 

In random effect models, the pooled prevalence 
of sample rejection and LRF incompleteness in 
Africa was found to be 2.0% (95% CI: 0.86, 3.14) 
and 19.6% (95% CI: 14.17, 25.05), respectively. 
The pooled prevalence of sample rejection was 
comparable to that of a study conducted in 
Saudi Arabia (2.07%) (40). In addition, the cur-
rent pooled estimate of sample rejection was 
higher than studies conducted in India (0.15%) 
(41) and Turkey (0.65%) (42). However, it was 
lower than studies in Greece (4.1%) (43) and 
India (3.45%) (3). 

In addition, the pooled prevalence of LRF incom-
pleteness was lower than the study conducted 
in India (27.82%) (44). This difference may be 
due to variations in sample size, duration of the 
study period and performance of participating 
laboratories. 

CONCLUSION 

The present study showed a high pooled esti-
mate of pre-analytical and post-analytical errors. 
In addition, the study found that the standard 
completion of LRF was poor and there were sig-
nificant numbers of specimen rejections, which 
concerned the importance of quality indica-
tors to determine errors in the overall TTP. LRF 
Incompleteness could lead to misdiagnosis and 
mismanagement of patients and in appropri-
ate specimen rejections had a significant effect 
on patient care and could thus affect customer 
satisfaction. 

Therefore, adherence to standard operating pro-
cedures, establishment of laboratory informa-
tion system and targeted training for sample col-
lectors is needed. Moreover, staff co-operation 
and computerized test requesting procedure 
for specimen collection are of vital importance 
to make progress in the pre-analytical and post-
analytical testing process. 
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Strength and limitations

The current study was the first study to use a 
quantitative approach to pool the prevalence 
of extra analytical clinical laboratory errors in 
African countries. The limitation of this study 
was that only articles published in English lan-
guage were included in this study, and the num-
ber of QIs in each study was not uniform, which 
could be a cause for high variability in the study 
findings.

Abbreviations

(ISO) International Organization for 
Standardization
(LRF) Laboratory Test Request Forms
(MA) Meta-Analysis
(MeSH) Medical Subject Headings
(PRISMA) Preferred Reporting Items for 
Systematic review and Meta- analysis
(Qis) Quality Indicators
(SR) Systematic Review
(TAT) Turnaround Time
(TTP) Total Testing Process.

Authors’ contributions

DA and MT conceptualized this study and de-
signed the study protocol; DA, AW and MT con-
ducted data search, quality assesment, data 
extraction, statistical analyses and statistical in-
terpretation. All authors write and approved the 
manuscript.

Availability of data and materials

Most of the main data generated or analyzed 
during this study are included in this article. 
However, additional files that support the find-
ings of this study are also available from the cor-
responding author upon request.

Consent to publication

All participants provided written informed con-
sent to publish this study.

Funding

The author(s) received no specific funding for 
this work.



REFERENCES 

1. Plebani M. Laboratory-associated and diagnostic er-
rors: a neglected link. Diagnosis. 2014;1(1):89-94.

2. Kalra J, Kopargaonkar A. Quality improvement in clini-
cal laboratories: a six sigma concept. Pathology and Labo-
ratory Medicine. 2016;1(1):11-20.

3. Sushma B, Shrikant C. Study on “Pre-analytical Er-
rors in a Clinical Biochemistry Laboratory”: The Hid-
den Flaws in Total Testing. Biochem Anal Biochem. 
2019;8(374):2161-1009.19.

4. Kaushik N, Green S. Pre-analytical errors: their im-
pact and how to minimize them. MLO Med Lab Obs. 
2014;46(5):22-4.

5. Mohanty S. Errors in laboratory medicine: The role of 
quality indicators. International Journal of Clinical Bio-
chemistry and Research. 2018;5(2):164-7.

6. Hawkins R. Managing the pre-and post-analytical phas-
es of the total testing process. Annals of laboratory medi-
cine. 2012;32(1):5-16.

7. Akande T. Assessment of Extra-analytical Phase: Im-
proving Laboratory Service and Patient Safety. Journal of 
Advances in Medicine and Medical Research. 2018:1-5.

8. Kale S, Gumber R, Mahajan M, Mulay S. Identifaying 
Errors Involving Clinical Laboratory: A 1 Year Study. In-
ternational Journal of Health Sciences and Research. 
2014;4(8):48-53.

9. Plebani M. Quality indicators to detect pre-analytical 
errors in laboratory testing. The Clinical Biochemist Re-
views. 2012;33(3):85.

10. Englezopoulou A, Kechagia M, Chatzikiriakou R, 
Kanellopoulou M, Valenti M, Masedu F. Preanalytical er-
rors as quality indicators in clinical laboratory. Austin J 
Public Health Epidemiol. 2016;3(5):8.

11. Kimengech KK, Waithaka SK, Onyuka J, Kigondu CS. 
Determination of errors that compromise the quality of 
laboratory service in a tertiary hospital. Asian Journal of 
Medical Sciences. 2017;8(1):64-70.



eJIFCC2020Vol31No3pp208-224
Page 223

Daniel Asmelash, Abebaw Worede, Mulugeta Teshome
Extra-analytical clinical laboratory errors in Africa: a systematic review and meta-analysis

12. Ambachew S, Adane K, Worede A, Melak T, Asmelash 
D, Damtie S, et al. Errors in the total testing process in the 
clinical chemistry laboratory at the University of Gondar 
Hospital, Northwest Ethiopia. Ethiopian journal of health 
sciences. 2018;28(2):235-44.

13. Zemlin AE. Errors in the Extra-Analytical Phases of 
Clinical Chemistry Laboratory Testing. Indian Journal of 
Clinical Biochemistry. 2018;33(2):154-62.

14. Jegede FE, Mbah HA, Aminu M, Yakubu TN, Torpey K. 
Evaluation of laboratory performance with quality indi-
cators in infectious disease hospital, Kano, Nigeria. Open 
Journal of Clinical Diagnostics. 2015;5(01):1.

15. Rizk MM, Zaki A, Hossam N, Aboul-Ela Y. Evaluating 
laboratory key performance using quality indicators in 
Alexandria University Hospital Clinical Chemistry Labora-
tories. The Journal Of The Egyptian Public Health Associa-
tion. 2014;89(3):105-13.

16. Addis Z, Wondimagegn T, Tachebele B. Types and fre-
quency of pre-analytical errors at University of Gondar 
hospital laboratory. Elective Medicine Journal. 2015;2(4): 
363-5.

17. Ali M. Assessment of Medical Laboratory request 
form Completeness and non-Communicated Result to Cli-
nicians in the two public Hospitals Found in Hawassa city, 
Southern Ethiopia: Addis Ababa University; 2015.

18. Lenicek Krleza J, Honovic L, Vlasic Tanaskovic J, Podo-
lar S, Rimac V, Jokic A. Post-analytical laboratory work: 
national recommendations from the Working Group for 
Post-analytics on behalf of the Croatian Society of Medi-
cal Biochemistry and Laboratory Medicine. Biochemia 
medica: Biochemia medica. 2019;29(2):228-61.

19. Tadesse H, Desta K, Kinde S, Hassen F, Gize A. Clinical 
chemistry laboratory errors at St. Paul’s Hospital Millen-
nium Medical College (SPHMMC), Addis Ababa, Ethiopia. 
BMC research notes. 2018;11(1):789.

20. Sharaki O, Abouzeid A, Hossam N, Elsherif Y. Self assess-
ment of pre, intra and post analytical errors of urine analy-
sis in Clinical Chemistry Laboratory of Alexandria Main Uni-
versity Hospital. Saudi Journal for Health Sciences. 2014; 
3(2):96.

21. Asar S, Jalalpour S, Ayoubi F, Rahmani M, Rezaeian 
M. PRISMA; Preferred Reporting Items for Systematic Re-
views and Meta-Analyses. Journal of Rafsanjan University 
of Medical Sciences. 2016;15(1):68-80.

22. Aromataris E, Riitano D. Constructing a search strategy 
and searching for evidence. Am J Nurs. 2014;114(5):49-56.

23. Institute JB. JBI critical appraisal checklist for studies 
reporting prevalence data. Adelaide: University of Adelaide.  
2017.

24. Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Ba-
sics of meta-analysis: I2 is not an absolute measure of het-
erogeneity. Research synthesis methods. 2017;8(1):5-18.

25. Shim SR, Kim S-J. Intervention meta-analysis: appli-
cation and practice using R software. Epidemiology and 
health. 2019;41.

26. Wondimagegn MW, Yallew WW, Anijajo TT. Assess-
ment of Pre-Analytical Error on Blood Specimens Re-
ferred for CD4 and Haematology Tests in Central Oromi-
ya, Ethiopia. American Journal of Laboratory Medicine. 
2016;1(3):58-64.

27. Atewu A. Improving the Use of ICT Based Blood Tests 
of Pre and Post Analytical Medical Laboratory Practices to 
Enhance Patient Satisfaction in St. Paul’s Hospital, Addis 
Ababa, Ethiopia: Addis Ababa University; 2014.

28. Shiferaw MB, Yismaw G, Getachew H. Specimen rejec-
tions among referred specimens through referral network 
to the Amhara Public Health Institute for laboratory testing, 
Bahir Dar, Ethiopia. BMC research notes. 2018;11(1):781.

29. Habtamu Molla T, Aster T, Fatuma H. Frequency of 
Specimen Rejection and. 2015.

30. Jacobsz LA, Zemlin AE, Roos MJ, Erasmus RT. Chemis-
try and haematology sample rejection and clinical impact 
in a tertiary laboratory in Cape Town. Clinical Chemistry 
and Laboratory Medicine (CCLM). 2011;49(12):2047-50.

31. Zemlin AE, Nutt L, Burgess LJ, Eiman F, Erasmus RT. Poten-
tial for medical error: incorrectly completed request forms for 
thyroid function tests limit pathologists’ advice to clinicians. 
SAMJ: South African Medical Journal. 2009;99(9):668-71.

32. Nutt L, Zemlin AE, Erasmus RT. Incomplete laboratory 
request forms: the extent and impact on critical results at 
a tertiary hospital in South Africa. Annals of clinical bio-
chemistry. 2008;45(5):463-6.

33. Isa HA, Jonah PY, Daniel FD, Ramyil SM, Ogundeko OT. 
Frequency of pre-analytical errors in a tertiary hospital 
clinical laboratory, north-central Nigeria. Orient Journal 
of Medicine. 2018;30(1-2):1-5.

34. Jegede F, Mbah HA, Dakata A, Gwarzo DH, Abdulrah-
man SA, Kuliya-Gwarzo A. Evaluating laboratory request 
forms submitted to haematology and blood transfusion 
departments at a hospital in Northwest Nigeria. African 
journal of laboratory medicine. 2016;5(1):1-6.

35. Kipkulei JC, Lotodo TC. Evaluation of the Complete-
ness in the Filling of Laboratory Request Forms Submitted 
to the Haematology Laboratory at a Tertiary Hospital in 
Kenya. Health. 2019;11(7):862-8.

36. Namwase B. Pre-Analytical Errors Affecting Quality 
Of Final Results At The Pathology Laboratory College Of 
Health Sciences, Makerere University Kampala Uganda: 
International Health Sciences University; 2018.



eJIFCC2020Vol31No3pp208-224
Page 224

Daniel Asmelash, Abebaw Worede, Mulugeta Teshome
Extra-analytical clinical laboratory errors in Africa: a systematic review and meta-analysis

37. Goswami B, Singh B, Chawla R, Mallika V. Evaluation of 
errors in a clinical laboratory: a one-year experience. Clin-
ical chemistry and laboratory medicine. 2010;48(1):63-6.

38. Abdollahi A, Saffar H, Saffar H. Types and frequency of 
errors during different phases of testing at a clinical medi-
cal laboratory of a teaching hospital in Tehran, Iran. North 
American journal of medical sciences. 2014;6(5):224.

39. Jafri L, Khan AH, Ghani F, Shakeel S, Raheem A, Siddiqui 
I. Error identification in a high-volume clinical chemistry 
laboratory: Five-year experience. Scandinavian journal of 
clinical and laboratory investigation. 2015;75(4):296-300.

40. Zaini R, Dahlawi H, Siddiqi A. Identification of the 
types and frequencies of pre-analytical errors in the clini-
cal biochemistry laboratory: 1-year study at Hera’a Gen-
eral Hospital. Archiv Med. 2016;8(1).

41. Kalayci M. Preanalytical, analytical, and postanalytical 
errors in the measurement of irisin levels. Polish archives 
of internal medicine. 2017;127(9):643-.

42. Atay A, Demir L, Cuhadar S, Saglam G, Unal H, Aksun 
S, et al. Clinical biochemistry laboratory rejection rates 
due to various types of preanalytical errors. Biochemia 
medica: Biochemia medica. 2014;24(3):376-82.

43. Englezopoulou A, Kechagia M, Chatzikiriakou R, 
Kanellopoulou M, Valenti M, Masedu F. Pre Analytical Er-
rors as Quality Indicators in Clinical Laboratory. Austin J 
Public Health Epidemiol. 2016;3(5):8.

44. Chhillar N, Khurana S, Agarwal R, Singh NK. Effect of 
pre-analytical errors on quality of laboratory medicine at 
a neuropsychiatry institute in North India. Indian Journal 
of Clinical Biochemistry. 2011;26(1):46-9.


