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Introduction

Abstract

BACKGROUND: The clinical relevance of specimens from the lower airways is often debatable. However, they
are most commonly examined for diagnosing lower respiratory tract infections (LRTISs).

AIM: This study aimed to determine the diagnostic value of sputum quality assessment about sputum culture for
diagnosing LRTIs in children.

METHODS: In six months, a total of 1485 sputum samples were quality assessed by using Bartlett's grading
system. All samples, regardless of their quality, were cultured, identified, and antimicrobial susceptibility testing
was performed by Kirby-Bauer disc-diffusion method.

RESULTS: Among the acceptable category, defined by Bartlett's grading system, 132 (63.2%) samples showed
culture positivity of which Streptococcus pneumoniae 48 (36.4%) was most commonly isolated, followed by
Moraxella catarrhalis 22 (16.7%) and Haemophilus influenza 21 (15.9%). Among the non-acceptable category,
185 (14.5%) samples were culture positive of which most commonly isolated were Escherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa with 64 (34.6%), 54 (29.2%) and 28 (15.1%), respectively.

CONCLUSION: Sputum quality assessment is a useful tool for distinguishing the true respiratory pathogens from
possible colonising flora for which antibiotic treatment should not be highly considered.

are in question because obtaining sputum with good
quality from this age group is an especially difficult
task. This is due to several reasons. First of all,
instead of expectorating the sputum, children tend to

Bacteriological examination of the specimens
obtained from the lower respiratory tract is quite
challenging for medical microbiologists.  All
expectorated sputa are contaminated by the
oropharyngeal flora, which may include potential
pathogens. The decision of whether the isolated
pathogenic bacteria represent true causes of lower
respiratory tract infection or are only colonisers of the
upper respiratory tract is often impossible. This
dilemma is particularly present when young children

swallow it and usually have difficulty producing an
adequate amount of specimen [1]. Moreover,
compared to adults, children have higher colonisation
rate of the respiratory tract with bacteria such as
Streptococcus pneumoniae, Haemophilus influenza
and especially in infants, high colonisation rate with
Escherichia coli [2], [3], [4]. The latter increases the
likelihood of contamination of the sputum specimen
during its collection.
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Involving the method for assessment of the
sputum quality allows us to estimate the amount of
oropharyngeal contamination. This method is
performed by microscopic examination of the cellular
components in a stained smear of the specimen, seen
under the low power field magnification (LPF). A
presence of two cell-types: squamous epithelial cells
(SEC) and inflammatory cells, primarily
polymorphonuclear leukocytes, is taken into
consideration. SEC is found only in the upper
respiratory tract, so this finding suggests
oropharyngeal-contamination, whereas the presence
of polymorphonuclear leukocytes, suggests material
derived from the site of active infection [5].

There are several published criteria for
assessing the quality of sputum. According to Murray
and Washington [6] and Geckler et al., [7], sputum
quality assessment should be dependent only on the
presence of the SEC, seen microscopically at low-
power field (LPF) magnification, regardless of the
number of the white blood cells (WBC). On the other
hand, Van Scoy [8] states that specimens with more
than 25 leukocytes per LPF should be accepted
regardless of the number of the SEC.

The variations in the thickness of the material
in different areas of the same slid causes
inconsistencies when only one type of cells is taken
into account. This can be overcome by assessment of
the sputum quality according to the WBC-SEC ratio,
as Bartlett [9] recommends.

Heineman and Radano [10] describe a similar
scheme for screening sputum specimens, and the
criterion for acceptability is the presence of more than
ten WBC per SEC, seen microscopically at LPF.

In the present study, 1485 sputum specimens
were quality assessed according to criteria of Bartlett
et al., [9] and these findings were compared with the
results of the bacteriological examination of the same
specimens.

Methods

The studied population was children
suspected having lower respiratory tract infections,
aged from O to 14 years, treated in ambulatory and
hospital settings at the Institute for Respiratory
Diseases in Children, Skopje.

In six months, from 01.07.2017 to
30.12.2017, a total of 1485 sputa were quality
assessed after slides of the specimens had been
gram-stained and microscopically examined at 100x
magnification. The sputa quality was assessed
according to the criteria of Bartlett et al., [9], based on
the relative number of SEC and inflammatory cells,
seen microscopically per LPF. According to these

criteria, for every specimen, a Q-score (sum of “+” and
“—“assigned values) was calculated, following the
scheme: + 2 if > 25 WBC were seen per LPF, + 1 if
10-25 WBC were seen per LPF; on the other hand, - 2
was assigned if > 25 SEC were seen per LPF and - 1
if 10-25 SEC were seen per LPF. The “+” Q-score
indicated material derived from the site of an active
infection and these samples were categorized as
acceptable. A “0” or “-” Q-score suggested low sputum
quality, excessive oropharyngeal contamination and
these samples were categorized as non-acceptable.

All sputum specimens, regardless of their
quality, were further processed, using standard
microbiological procedures for bacterial isolation and
identification. Sputa were inoculated on the same day
on 5% sheep blood agar, chocolate agar and Candida
albicans-chromogenic agar. Plates were incubated at
37°C overnight in 5% CO, and were observed up to
48 hours. If no growth of relevant bacteria was seen,
the cultures were declared negative. Preliminary
identification of the bacteria was based on colony
morphology and cultural characteristics on selective
and differential media. Antimicrobial susceptibility
testing was performed using the Kirby-Bauer disc-
diffusion method according to the methodology
proposed by the European Committee on
Antimicrobial Susceptibility Testing [11]. Interpretation
of zones of inhibition around the antibiotic discs was
made according to EUCAST- breakpoint tables for
interpretation of MICs and zone diameters [12].

The results of the bacteriological examination
were evaluated against the assessment of the sputa
quality - assigned as a value of the Q-score.

Results

The results of sputa quality assessment are
given in Figure 1.
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Figure 1: Sputa quality assessment

Based on Bartletts screening criteria, out of
1485 processes sputum samples, 209 (14.1%) were
good quality (acceptable category), and 1276 (85.9%)
were low-quality (non-acceptable category). Of a total
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of 209 sputa with good quality (acceptable category),
132 were culture positive (63.2%) and of 1276 sputa
with low quality (non-acceptable category), 185 were
culture positive (14.5 %), p = 0,000.

Distribution of isolated potential pathogenic
bacteria from sputa with good quality (acceptable
category) is given in Figure 2.

Streptococcus pyogenes 2
Klebsiella pneumoniae 2
Escherichia coli 9
Pseudomonas aeruginosa 9
Staphylococcus aureus 19
Haemopbhilus influenzae 21

Moraxella catarrhalis 22

Streptococcus pneumoniae 48

0 10 20 30 40 50

Figure 2: Distribution of isolated bacterial species from sputa with
good quality (acceptable category)

The most frequently isolated bacteria from
sputa with good quality (acceptable category) were
Streptococcus pneumoniae, Moraxella catarrhalis,
Haemophilus influenzae with 36.4%, 16.7% and
15.9%, respectively.

Distribution of isolated potential pathogenic
bacteria from sputa with low quality (non-acceptable
category) is given in Figure 3.

Serratia marcescens 2
Enterobacter spp. 2
Streptococcus 8 haemolyticus 2
Klebsiella spp.

Haemophilus influenzae
Moraxella catarrhalis 4

Streptococcus pneumoniae 17
Pseudomonas aeruginosa 8
Staphylococcus aureus MRSA 20
Staphylococcus aureus MSSA i 34
Escherichia coli NON ESBL
Escherichia coli ESBL 55
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Figure 3: Distribution of isolated bacterial species from sputa with
low quality (non-acceptable category); MSSA — Methicillin-Sensitive
Staphylococcus  aureus; MRSA - Methicillin-Resistant
Staphylococcus aureus; ESBL — Extended Spectrum -Lactamases

The most commonly isolated bacterium from
low-quality sputum was Escherichia coli with 34.6%
(64/185), of which ESBL (Extended Spectrum -
Lactamases)-producers were 85.9% (55/64). The
second most often isolated was Staphylococcus
aureus with 29.2% (54/185), of which MRSA
(Methicillin-Resistant Staphylococcus aureus) was
37% (20/54).

Of all reported antimicrobial susceptibility test

results, 23.6% (75/317) were reported for multidrug-
resistant bacteria such as MRSA and ESBL-
Escherichia coli, while microscopic examination of the
specimens reviled low sputum quality.

Table 1 contains the number of isolated
Escherichia coli and bacteria other than Escherichia
coli from sputa with “0/-" Q-score (non-acceptable
category) and sputa with “+” Q-score (acceptable
category).

Table 1: The probability of Escherichia coli isolation in the
function of sputum quality

E. coli Isolated Organisms other than E. coli

Non-acceptable category 64 121
Acceptable category 9 123

64 : (64 + 121)

— X = 5.07
9:(9+123)

The low-quality sputum (as a risk factor)

increases the relative risk for Escherichia coli isolation
by 5 times.

RR(relative risk) =

Table 2 displays the number of isolated
Staphylococcus aureus and bacteria other than
Staphylococcus aureus from sputa with “0/-" Q-score
(non-acceptable category) and sputa with “+” Q- score
(acceptable category).

Table 2: The probability of Staphylococcus aureus isolation in
the function of sputum quality

S. aureus Organisms other than S.

aureus

Non-acceptable category 54 131
Acceptable category 19 113

54:(54+131)
19: (19 +113)
Low sputum quality, as a risk factor, increases

the relative risk for Staphylococcus aureus isolation by
2 times.

RR(relative risk) = 2.07

Discussion

The role of medical microbiologists is to
isolate a causative agent of a certain infection which is
highly dependent on the quality of the specimen.
Among adults with pneumonia, about 60% can
produce an adequate sputum specimen for
microbiologic evaluation [13]. When infants and young
children are considered having LRTIs, collecting good
sputum specimen is hardly feasible. In this study,
according to Bartlett’'s grading system, the majority
(nearly 86%) of the sputum specimens obtained from
young children was low-quality. Therefore rejection of
such a huge number of specimens tends to be
complex. Most of them were declared negative (with
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the remark that the specimens were with low quality,
so the possibility for false negative results is not
excluded). However, the biggest concern was 14.5%
culture positive specimens (among non-acceptable
category) where the majority of isolated bacteria were
multidrug resistant (MDR) bacteria, such as ESBL-
producing Escherichia coli and Methicillin-Resistant
Staphylococcus aureus (MRSA). According to the
results of this study, the probability for Escherichia coli
isolation is 5 times increased if the sputum is low-
quality, whereas the probability for isolating
Staphylococcus aureus is doubled.

The isolation of MDR-organisms from low-
quality sputum promotes unnecessary prescription of
antibiotics, which should be overcome by combined
efforts of clinicians and microbiologists.

It is noteworthy that 9% (17/185) of positive
cultures in the non-acceptable category were
identified as Streptococcus pneumoniae. The latter is
due to the significant Streptococcus pneumoniae
colonisation rate of the respiratory tract in childhood.
According to Abdullahi et al.,, [3] nasopharyngeal
pneumococcal carriage prevalence among groups
aged from 0-4 years was 57% in contrast to 6.4% in
groups aged from 10-80 years.

However, the greatest benefit of the sputum
assessment was its assistance in the further
interpretation of the sputum culture. Antimicrobial
Susceptibility Test (AST) results were released for all
potential pathogens isolated from low-quality sputa,
but it was annotated that, according to the
microscopic examination of the specimen, the isolated
bacteria are probably part of the colonising flora of the
upper respiratory tract. Hence, antibiotic treatment is
very uncertain. From a clinical perspective, knowing
whether the isolated bacteria are the cause of LRTI or
they are merely colonising flora, could be salient in
deciding whether the antibiotic therapy should be
prescribed. Under these conditions, modified
reporting, with the additional explanation that the
isolated bacteria are probably part of colonising flora,
could be a good practice. Moreover, automatic
reporting of AST results could be excluded, similarly,
as it is explained for asymptomatic bacteriuria in a
work of Leis et al., [14]. This type of reporting will
certainly lead to a more rational prescription of
antimicrobial therapy.

The problem with the low quality of sputum
is evident, and, perhaps, it may be overcome by
introducing the procedures for the collection of
induced sputum specimen [15]. According to results
from Pneumonia Etiology Research for Child Health
(PERCH) study, good quality sputum specimen can
be collected from children with pneumonia, aged from
1 to 59 months, through saline nebulization induction
[1], [15]. It has already been said that < 10 SEC per
LPM is the best measure of induced sputum quality in
children with pneumonia [15].

In contrast to sputa with low quality, where the

culture positivity was 14.5%, sputa with good quality
were culture positive in 63.2%, p = 0.00. Other studies
are reporting similar culture positivity. In the studies of
Anevlavis et al., [13], Rana et al., [16], Mariraj et al.,
[17], acceptable sputa were culture positive in 72%,
77% and 63%, respectively. According to the results
of this study, the most frequently isolated was
Streptococcus pneumoniae — 36.1%. This finding is in
correlation with the results from other studies [15],
[18], [19], [20], which implies that Streptococcus
pneumoniae represents the most important respiratory
pathogen in community-acquired lower respiratory
tract infections in children.
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