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Abstract

Introduction: Number of samples and time of sputum collection has a great impact on the positivity yield of
sputum smear microscopy examination. However, the impact is not yet extensively studied in Ethiopia. Therefore,
the aim of this study was to assess the serials sputum sample collection impacts on the diagnostic yield of smear
microscopy examination in Ethiopia at variation at different institutional settings.

Methods: Institution based retrospective cohort study was conducted from October 2011 to March 2016. Two
thousand four hundred sixty-three sputum smear microscopy positive result were reviewed from TB patient records.
The collected data were computerized using Epi-info software and analyzed using SPSS version 20 software.
Numerical summaries were used to describe the positivity yield of spot, morning and spot (SMS) sputum smear
microscopy examination.

Results: Of 2463 sputum smear-positive TB cases, 2384 (96.8%), 2458 (99.8%) and 2394 (97.2%) were
detected by the first spot, morning and second spot sputum smear microscopy diagnosis, respectively. On the other
hand, morning sputum smear results had the incremental yield of 74 (3.0%) and 64 (2.6%) from first spot sample
and second spot sample, respectively. The results of 1892 (76.8%) TB cases were in agreement (detected) by three
consecutive sputum specimen (SMS).

Conclusion: The three consecutive sputum smear microscopy examination had 3% incremental yield compare to
spot-spot (SS). The hospitals were participating in International External Quality Assurance Schemes (IEQAS) had
better incremental (increased) yield in both SMS and SS approach compared to the health centers. Hence, strong
TB quality assurances systems should be implemented in respective health facilities before practicing two spots
(SS) sputum smear microscopy diagnostic approach as routine to TB laboratory diagnostic method.

Keywords: Sputum smear; Microscopy diagnostic; Serial sputum;
Addis Ababa; Ethiopia

Abbreviations: AFB: Acid-Fast Bacillus (or Bacilli); EQA: External
Quality Assessment; IEQAS: International External Quality Assurance
Schemes; REQAS: Regional External Quality Assurance Schemes; IQC:
Internal Quality control; SMS: Spot-Morning-Spot; TB: Tuberculosis;
PTB: Pulmonary Tuberculosis; WHO: World Health Organization;
ZN: Ziehl-Neelsen Stain

Introduction
Tuberculosis (TB) remains one of a serious public health threat of

the world. An appropriate laboratory diagnostic procedure plays an
important role in TB prevention. Sputum smear microscopy is one of
the key pillars of strategies for TB control [1,2]. However, it has a
significant limitation in its performance. For instance, its sensitivity is
grossly compromised when the bacterial load is less than 10,000
organisms per ml sputum sample [3]. Its positivity also depends on the
number of samples and time of sputum collection [1-4]. Hence the
diagnostic yield of sputum smear microscopy examination increases in

the 2-days Spot-Morning-Spot (SMS) diagnostic approach compares to
the same day Spot-Spot (SS) [3,5].

Although SMS increase the positivity yielding of sputum smears
microscopy, it is inconvenient for patients, who have to make multiple
visits to health facilities to submit multiple (SMS) sputum specimens
over several days. As a result, some patients who do not come back for
repeated sputum examination become diagnostic defaulter [6]. To
reduce patient loss in the diagnostic pathway (defaulter rate), World
Health Organization (WHO) has recently recommended a reduction
in the number of specimens examined from three (SMS) to two (SS) in
settings where appropriate external microscopy quality assurance
systems are in place [6]. In addition, the SS diagnostic approach may
allow patients to start anti-TB treatment on the same day, which would
contribute to lowering patient-related costs [6].

Studies show that SS can detect the vast majority (95%-98%) of
smear-positive TB patients. However, this might not be true in all
setting, moreover, we are not aware of any published study in Addis
Ababa targeting the diagnostic yield of spot and morning sputum
samples. Therefore, this study was designed to assess the diagnostic
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yield of serials sputum smear microscopy examination at different
institutional settings [7,8].

Materials and Methods

Study design and setting
Public health institution based retrospective cohort study was

conducted in Addis Ababa, the capital city of Ethiopia. The study was
conducted in a Public health institution. Health institutions were
selected using simple random sampling with the plan of obtaining
three hospitals from six public hospitals and ten health centers (one
from each sub-city). The health facilities’ sputum smear microscopy
records, from a period of 2011-2016 were used as data source.
Individual patients’ data documented in the TB record book of these
laboratories were used as study subjects. TB laboratory quality
assurances system was assessed by using a structured questionnaire
and observational checklists.

Data management and statistical analysis
Before extracting data from records, data collectors were adequately

trained. Quality of data collection process was supervised and
monitored by the principal investigator. Two thousand four hundred
sixty-three sputum smear microscopy positive result were collected
from TB patient records. The collected data were checked for
completeness and consistency and computerized using Epi-info
software. The data were coded and analyzed using SPSS version 20.0
(SPSS Inc. Chicago, USA) software. Descriptive numerical summaries
were used to describe the findings.

Operational definition
Bacillary-load yields in the serial sputum samples as categorized:

actual numbers=1-9 Acid Fast Bacilli (AFB) per 100 fields, +1=10-99
AFB per 100 fields, +2=1-10 AFB per field, checked 50 fields and
+3=more than 10 AFB per field, checked 20 fields.

Result
In this study, a total of 2463 sputum smear-positive TB patients’

records were reviewed. Among these TB patients who were registered
in the study health facilities, 1091 (44.3%) were in three public
hospitals and the remaining 1372 (55.7%) were in ten health centers.
Of 2463 TB cases, 1291 (52.4%) were males, 70 (2.8%) were below the
age of 15 years and 2393 (97.2%) were above 19 years. Records were
incomplete (not documented) the age of 194 (7.9%) and the sex of 95
(3.9%) patients (Table 1).

Variables Number Percent

Age group in year

<15 70 2.8

15-18 170 6.9

19-35 1435 58.3

36-55 456 18.5

>55 138 5.6

Data missing 194 7.9

Total 2463 100

Sex of TB patients

Male 1291 52.4

Female 1077 43.7

Data missing 95 3.9

Total 2463 100

Table 1: Distribution of pulmonary positive tuberculosis patients by
age group and sex, at public health facilities, from 2011-2016 (n=2463).

Of 2463 sputum smear-positive TB cases, 2384 (96.8%), 2458
(99.8%) and 2394 (97.2%) were detected by the first spot; morning and
second spot sputum smear microscopy diagnosis respectively. Yield
variation of morning sputum smear results had the incremental yield
of 74 (3.0%) and 64 (2.6%) from first spot sample and second spot
sample respectively. The results of 1892 (76.8%) TB cases were in
agreement (detected) by three consecutive sputum specimen (SMS).
Comparing the diagnostic yielding variation at different institutional
settings, the morning sputum smear positive result had the
incremental yield of 29 (2.6%) in hospitals and 47 (1.9%) in the health
centre. The first spot smear microscopy missed 32 (2.9%) TB cases in
hospitals and 47 (3.4%) in health centres, while the second smear
microscopy missed 25 (2.3%) TB cases in hospitals and 43 (3.1%) in
health centres (Table 2).

Variables Positive

Number (%)

Negative

Number (%)

Total

Number (%)

First spot Hospitals 1059 (97.1) 32 (2.9) 1091(44.3)

Health centres 1325 (96.6) 47 (3.4) 1372 (55.7)

Total 2384 (96.8) 79 (3.2) 2463 (100)

Morning Hospitals 1088 (99.7) 3 (0.3) 1091(44.3)

Health centres 1370 (99.1) 2 (0.1) 1372 (55.7)

Total 2458 (99.8) 5 (0.2) 2463 (100)

Second spot Hospitals 1066 (97.7) 25 (2.3) 1091 (44.3)

Health centres 1329 (96.9) 43 (3.1) 1372 (55.7)

Total 2395 (97.2) 68 (2.8) 2463 (100)

Table 2: Diagnostic yielding variation among serials of sputum smears
microscopy at public health facilities in Addis Ababa, Ethiopia.

Regarding bacillary-load yields in the serial sputum samples, out of
2384 first spot sputum smear-positive cases, the bacillary-load of 189
(7.9%) were actual numbers (1-9 bacilli in 100 fields), 535 (22.4%) were
+1 (10-99 bacillus in 100 fields), 378 (15.9%) were +2 (1-10 bacillus per
field, checked 50 fields) and 325 (13.6%) were +3 (more than 10 bacilli
per field, checked 20 fields). The bacillary-load of the remaining 957
(40.1%) first spot sputum smear results were not recorded on the log
book (Reported by non-grading systems). From the total 2458
morning sputum smear-positive cases, the bacillary-load of 188 (7.6%)
were actual numbers, 492 (20.0%) were +1, 311 (12.7%) were +2 and
251 (10.2%) were +3. The bacillary-load of the remaining 1216 (49.5%)
morning sputum smear results were not recorded on the log book
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(Reported by non-grading systems). Of 2394 second spot sputum
smear-positive cases, the bacillary load of 156 (6.5%) were actual
numbers, 423 (17.7%) were +1, 431 (18.0%) were +2 and 412 (17.2%)
were +3. The bacillary-load of the remaining 972 (40.6%) second spot
sputum smear results were not recorded on the log book (Table 3).

Sample
s

Actual
numbers

1-9/100

Number
(%)

1

Number
(%)

2

Number
(%)

3

Number
(%)

Data
missing

(no
grade)

Total

Number
(%)

Spot 1 189 (7.9) 535
(22.4)

378
(15.9)

325
(13.6)

957
(40.1)

2384
(100.0)

Morning 188
(7.6),

492
(20.0)

311
(12.6)

251
(10.2)

1216
(49.5)

2458
(100.0)

Spot 2 156 (6.5) 423
(17.7)

431
(18.0)

412
(17.2)

972
(40.6)

2394
(100.0)

Table 3: Bacillary load among serials of sputum smears microscopy at
public health facilities in Addis Ababa, Ethiopia.

TB laboratory quality assurances
Out of the 13 visited laboratories, all laboratories were participated

in Regional External Quality Assurance Schemes (REQAS) on ZN-
stained sputum smear microscopic slide rechecking. However, only
three hospital laboratories have participated in International External
Quality Assurance Schemes (IEQA). Out of the 13 laboratories, 4
(30.8%) reported the false reading of sputum smear microscopic result
in previous (had misreading practice). There was a lack of internal
quality control materials in all assessed laboratories. However, 8
(61.5%) laboratories prepare smears from known positive and negative
sputum as internal quality control. About 87 (53.8) laboratories were
run IQC to check new batch reagents quality before staining patient
sample. All visited laboratories were checked sputum quality before
processing and all had a standard laboratory request form, result log
book and standard operating procedures (SOPs). All laboratories staff
members have trained on sputum smears microscopy diagnosis (Table
4).

Variables Number Percent

Laboratory participation in IEQAS Yes 3 23.1

No 10 76.9

Run IQC slides parallel with routine ZN staining Yes 8 61.5

No 5 38.5

Having SOPs, guideline and manuals Yes 13 100

No 0 0

Laboratory participation in REQAS Yes 13 100

No 0 0

Having IQC materials Yes 2 15.4

No 11 84.6

Having standard TB result registration log-book Yes 13 100

No 0 0

Checking the quality of sputum Yes 13 100

No 0 0

Having a false positive Yes 4 30.8

No 9 69.2

Staff received training on ZN sputum smears
microscopy

Yes 13 100

No 0 0

Reagent verification Yes 7 53.8

No 6 44.2

Table 4: TB laboratory quality assurances assessment in Addis Ababa,
Ethiopia.

Discussion
In this study, we reviewed 2463 TB patients’ laboratory records to

determine the diagnostic yield of serials sputum smear microscopy. Of
the 2463 sputum smear-positive TB cases, 96.8% were positive on the
first spot and 97.2% were positive on second spot sputum smear
microscopy, which was comparable to 95-98% reported in WHO same
day sputum microscopy policy statement [6]. However, it was higher
than the study conducted in South Western Uganda which reported
95.0% detected by first spot samples and 92.5% detected by second
spot samples [9]. In the present study, the agreement of the three
consecutive sputum smear microscopy (SMS) result was 76.8%, which
was lower than 82.0% reported India [10]. Sputum smear microscopy
reading is highly dependent on the training and diligence of
microscopist, availability of supplies, equipment and time taken for
sputum smear microscopy reading. In addition, health-system-related
factors including poor TB laboratory quality assurances systems and
laboratory infrastructures might have impacts on TB case detection by
using sputum smear microscopy.

In the current study, near to 3% of morning sputum microscopy
results had incremental yields from the two spot (SS) sample, which
was higher than 0.0% (no) incremental yields reported in South
Western Uganda, 0.29% reported in India and 0.37% reported
Rajahmundry India [9,11,12]. The incremental yield difference among
serials of sputum samples might be related to many factors including:
Instruction given to patients to submit quality and adequacy of sputum
samples, time of sputum collection (the bacillary load increase in
sputum spout out in the early morning), patient understanding how to
collect quality of sputum samples and professional exercise on the way
to guide and explain the quality of sputum submit for diagnosis and
testing performed on good quality of sputum may impacts on yield of
sputum microscopy diagnostic.

In this study, spot sputum smear microscopy failed to detect TB
cases were higher in the health centre compared to the hospital. This
might be due to hospitals’ have well-equipped than health centres’
laboratories. On the contrary, poor TB laboratory quality assurance
systems including overcrowded and poorly ventilated laboratory
spaces might be contributed to the low detection of TB in health
centres. In our study setting none of the health centre laboratories were
participating in IEQS, which indicates that the successful
implementation of TB microscopy quality assurance systems might be
expected to improve the detection level of the SS approach.
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Conclusion and Recommendations
The present study shows that SMS sputum smear microscopy

examination had 3% incremental yield compare to SS. The hospitals
were participating in International External Quality Assurance
Schemes (IEQA) scheme had a better incremental yield in both SMS
and SS approach compare to the health centers. Hence, strong TB
quality assurances systems should be implemented in respective health
facilities before practices two spots (SS) sputum smear microscopy
diagnostic approach as routine to TB laboratory diagnostic method.
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