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Abstract

This study aims to determine the types of causative organism, the utility of synovial procalcitonin
(PCT), C-Reactive Protein (CRP) and bacterial 16S rRNA gene-based RT-PCR and their comparison
with conventional culture results in patients with clinically-suspected SA. A total of 38 patients were
recruited in this cross-sectional study for performing synovial PCT and CRP assay, and bacterial gDNA
quantification via RT-PCT. Records of culture results, WBC count, ESR, blood CRP, and antibiotic
administration were obtained. Gross appearance and viscosity determination are significantly associated
with the bacterial load. This study documents Acinetobacter radioresistens and Klebsiella pneumoniae
bacteria as causative pathogens of SA in Malaysia. CRP and ESR showed a significant role in diagnosing
SA. Reasons for finding no concordance between conventional culture methods and 16S rDNA RT-PCR
as well as synovial PCT were comprehensively reviewed. Gross appearance and viscosity showed a
significant relationship with the bacterial load. RT-PCR is useful in patients treated with antimicrobial
therapy with negative culture results.RT-PCR has speed and accuracy compared to conventional culture.
Awareness of Klebsiella pneumoniae and Acinetobacter radioresistens as causative bacteria should be
prompted among clinicians particularly at local, regional as well as international levels. Developing
guidelines for including 16S rRNA gene RT-PCR and introducing Digital PCR and next-generation
sequencing to detect and identify bacterial species in diagnosing SA is recommended.
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INTRODUCTION

Septic arthritis (SA) is an emergency
condition associated with significant morbidity and
mortality.! No single laboratory test is conclusive
to differentiate between septic and non-SA.? To
date, few laboratory investigations have shown
sufficient sensitivity, specificity, or predictive value
to be introduced into the clinical practice for the
proper management of SA.2 Early diagnosis reduces
morbidity and mortality. The current standard
for diagnosing SA is primarily clinical-based and
confirmed by the finding of positive Gram stain,
synovial fluid (SF) culture, blood culture, visible
pus in the SF aspirate, or response to empirical
antibiotics therapy.* Any microbial pathogen can
cause SA.” However, the main identified causative
organism reported in 50% of cases of patients
with SA was Staphylococcus aureus® followed by
streptococci, and together they accounted for
91% of cases.® Preliminary inflammatory markers
in patients with SA include peripheral blood white
blood cell (WBC), erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP). Their value
does not significantly increase the confidence of
SA diagnosis due to the absence of an immediate
response secondary to the acute onset of
inflammation.>*” However, measurement of these
preliminary inflammatory markers is useful in
monitoring response to therapy.”?

Procalcitonin (PCT) is a protein of 116
amino-acids with 13 kDa molecular weight. PCT
is an inflammatory biomarker and mortality
predictor. Its levels increase from less than 0.1 to
more than 100 ng/ml in sepsis.® PCT is specific for
bacterial infections and reliable in distinguishing
bacterial from viral infections.’® Unlike other
inflammatory markers such as CRP, the PCT level
is not altered by steroids which makes it a more
accurate diagnostic marker.** PCT has a higher
diagnostic value than clinical or laboratory tests
such as WBC and CRP because of its high sensitivity
and specificity for diagnosing SA. It is considered as
the best parameter to distinguish patients with SA
from those with another joint disease, especially
if the cause is systemic rather than direct joint
inoculation.” Serum PCT was found significantly
increased in patients with SA in comparison
with non-SA patients. The recommended cut-off
value of serum PCT in diagnosing SA is 0.4 ng/

ml. Discrepancy on the diagnostic value of SF PCT
was reported and the use of PCT in the diagnosis
of bone and joint infection was investigated
by a few studies with relatively small sample
sizes.’? Previous studies that evaluate the use
of serum or synovial PCT level in patients with
SA utilized small sample size ranging from 8 to
32 samples.'*3 Measurements of PCT level in
SF is more informative than its serum level for
differentiating septic from non-septic cases of
arthritis.** However, PCT level is raised in SA, but its
accuracy in differentiating SA from other forms of
acute arthritis is unsettled.? Real-time quantitative
PCRis the most accurate method for the detection
and quantification of DNA and RNA and provides
less handling of samples making post-PCR steps
unnecessary.®

To date, studies which have addressed
the utility of RT-PCR in comparison with the
synovial PCT, CRP and conventional-culture results
for diagnosing clinically-suspected SA are scarce
and need further study as they were varied in
the methodologies and outcome. Moreover,
the causative organism remains unknown in a
considerable number of patients with clinically-
suspected SA. The aims of the present study were
to determine the types of causative organism and
the utility of synovial PCT, CRP and bacterial 16S
rRNA gene-based RT-PCR and their accordance
with conventional culture results in patients with
clinically-suspected SA.

MATERIALS AND METHODS

In this cross-sectional study, a total of 38
patients with clinically-suspected SA was enrolled.
The synovial fluid specimens from clinically-
suspected patients with SA were included.
Samples with incomplete data (FBC, CRP, ESR
& culture results and antibiotic administration)
were excluded from analysis. The SF was stored
at -20°C until the time of subsequent processing.
The stored synovial aspirate was thawed at
room temperature and then transferred from its
sterile containers into sterile 10 ml Falcon tubes.
The tubes were centrifuged at 4000 rpm for 10
min. The supernatant was collected for synovial
PCT assay, CRP latex agglutination test and CRP
quantitative assay, whereas the pellet was used
for DNA extraction.
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The synovial fluid samples were observed
for their characteristics such as gross appearance
and viscosity. Viscosity of SF was identified by
dropping it from syringe. SF with high viscosity
was indicated if it formed a string about 4-6
cm long upon dropping. Highly viscous samples
required predilution with normal saline before
testing for PCT assay, CRP Latex agglutination test
and CRP quantitative assay. Sodium hydroxide
(NaOH) solution was added to the samples with
high viscosity to induce liquefaction and solubility,
thus allowing the ease of subsequent sample
processing.*

PCT assay was done using a commercially
available procalcitonin assay kit (BRAHAMS,
Roche, Germany) and analyser Cobas e 411
analyser (Roche, Germany). C-reactive protein
(CRP) latex reagent test was performed according
to the manufacturer’s instructions (CRP direct latex
kit, VEDA Laboratory, France). CRP quantitative
assay was performed using QuikRead go® CRP kit
(Orion Diagnostica, Finland) and QuikRead go®
instrument (Orion Diagnostica, Finland).

Bacterial genomic DNA was extracted
using DNeasy Blood and Tissue Kit (Qiagen
Corp., Santa Clarita, CA) in accordance with the
manufacturer’s instructions. The concentration
and purity of the extracted DNA were determined
by using NanoDropTM spectrophotometer
(Thermo Scientific, USA). The DNA concentration
was recorded in ng/ul and was stored at -20C° until
use. Fluorogenic probe-based PCR targeting the
16S rRNA gene was used and aimed at determining
the bacterial load in SF of patients with clinically-
suspected SA. The experiment was performed

using ViiA 7 Real-Time PCR System (Thermo
Fisher, Scientific USA). The 2.5 times concentrated
solution (3 mM Mg2* final concentration) of the
DNA-free Mastermix 16S Dye was obtained from
MOLZYM, Germany. The designed universal primers
amplify 160-bp fragment of any bacterial DNA in
clinical sample using: universal forward primer
(P891F) (5'-TGGAGCATGTGGTTTAATTCGA-3'),
universal reverse primer (P1033R)
(5"-TGCGGGACTTAACCCAACA-3') and the TagMan
uniprobe (5'- CACGAGCTGACGACAGCCATGCA-3')
is labelled with the reporter dye FAM at the 5'
end, and the quencher dye MGB (Minor Groove
Binder) at the 3' end.’®'” The primers and probe
for the quantification of thel6S rRNA gene were
supplied by Analisa Resources (M) Sdn. Bhd.
Two regions of highly conserved sequences are
selected as the universal primer annealing sites.
The internal highly conserved sequence is used as
the annealing sites of TagMan uniprobe.

The gDNA extracted from the colonies
of cultured S. aureus. was used as a standard
gDNA for the quantification of the bacterial 16S
rRNA. The standard curve was based on known
concentrations of standard bacterial gDNA
prepared by eight serial dilution of the standard
gDNA. Working concentration of 1.0 to 0.00391
CFU/mL was prepared with three replicates for
each dilution.

Standard control composed of pure
bacterial DNA extracted from colonies of cultured
Staphylococcus aureus was prepared by standard
plate count method according to the standard
protocol. Sterile ultrapure DNA-free water (Nacalai
Tesque, Japan) was used as a negative control or no

Table 1. Comparison of synovial CRP assay with semi-quantitative latex agglutination test and blood CRP assay (n=38)

Variable Synovial CRP z statistics® p value®
assay (mg/L)
Median (IQR)
Synovial latex agglutination test
Positive (n=26) 48.0(77.1) 2.84- 0.004
Negative (n=12) 0.0 (21.7)
Blood CRP (mg/L)
Undetectable (n=14) 82.40 (120) -0.408752 0.68
Detectable (n=24) 21.50 (86)

2 Mann-Whitney test
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Template Control (NTC). In this study, false-positive
amplification in the no Template Control (NTC)
occurred which necessitated the use of the 2.5x
Molzym Mastermix. DNAse | pretreatment of the
reagents and adding 2 pl of the ethylene diamine
tetra-acetic acid (EDTA) to the reaction mixture
followed by heating at 70°C for 10 minutes is the
method used for eliminating false-positive results
in the no Template Control (NTC) when using
universal 16S rRNA. A volume of 23 pl of the 2.5x
Molzym Mastermix was aliquoted into each well
of the RT- PCR strips. For a final reaction volume of
25 pl, 2 ul of the standard DNA (positive control)
or 2 ul of DNA-free water (negative control) or
2 ul of the template were added into each well
containing 23 pl mastermix. The volumes for one
reaction preparation were 2.5x Molzym mastermix

* Ubiquitous CALC-1 gene —

Bacterial and cell wall _— .

10.0 pl, TagMan 16S assay 1.25 pl, MolTaq 16S
enzyme 0.8 pl, DNA-free water 10.95 pul, Template
2.0 pl and total volume for one reaction 25.0 pl.
Triplicates for each sample were prepared. PCR
was run according to thermal cycling conditions.
Thermal cycling conditions of 40 cycles was as:
Hold at 95°C for ten minutes, denature at 95°C for
fifteen seconds and anneal/extend at 60°C for one
minute.

Precautions to avoid cross-contamination
during qPCR were taken including; disinfection of
the biological safety cabinet (BSC) (NUAIRE, USA),
tube holder and, micropipettes followed by UV
treatment for 30 minutes. Using the copies/pl unit
in expressing the results of RT-PCR experiment was
based on the justifications of other studies.'®?!

CALC-1 gene expressionin the

expressionin cells of many
tissues & organs.
* Complement activation.

proteins: LPS from Gram-
negative or LTA from Gram-
positive bacteria

synovial and surrounding cells
of the joint
* Complement activation.

" YR 5 |
Blood PCT & CRP Synovial PCT & CRP
(Systemic infection) J ® ~ (;::cahud infection)

1‘ Bacterial cytokines, toxin and enzymes
released in bacternial infection

Joint space

P

Low or transient production of PCT by
inflammatory cells
(Neutrophils, Macrophage, Lymphocytes)

Swollen joint capsule Inflamed synovium
Figure 1. Pathogenesis of SA with PCT and CRP production: The bacterial-induced ubiquitous CALC-1 gene expression
in parenchymal cells of many different tissues and organs, in the presence of severe systemic bacterial sepsis, might
indicate the pivotal role of PCT as a detrimental marker of sepsis survival and outcomes. The released endotoxin
(lipopolysaccharide, LPS) from Gram-negative bacteria or lipoteichoic acid (LTA) from Gram-positive bacteria
and proinflammatory cytokines are the main stimuli for CALC-1 gene expression. The bacterial endotoxin and
proinflammatory cytokines (e.g., interleukin-1b, tumour necrosis factor-a, interleukin-6) stimulate the secretion of
PCT from parenchymal cells which in turn, reinforce immune cells production of cytokines that augment the high
PCT levels in patients with systemic or local infection. PCT is produced by inflammatory cells including monocytes,
lymphocytes, and neutrophils and accumulates in the synovial fluid
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Statistical analysis was conducted using
Statistical Package for the Social Sciences (SPSS)
version 22 for Windows (Chicago, IL.). Independent
t test for comparing parametric and Mann-
Whitney test for comparing non-parametric data
were used as well as correlation analysis with chi
square tests. p value of <0.05 was considered
statistically significant.

RESULTS

The volume of synovial fluid samples
submitted to the laboratory ranged from 1 to 4
ml. Twenty-four (63.2%) synovial fluid samples
were of 1-2 ml volume. Seventeen out of 38
(44.7 %) synovial fluid samples were purulent in
appearance and the remaining (55.3 %) were non-
purulent. With regard to the sample viscosity, 13
out of 38 (34.2 %) synovial fluid samples were thick
and the remaining (65.8 %) were thin (Figure 2).

No statistically significant correlation
between the blood and synovial CRP. CRP Latex
agglutination test of the SF showed positive
results in 26/38 (71 %) samples. Significant
association was seen between the results of latex
agglutination test and the quantitative assay of the
CRP in SF. The synovial CRP level ranged from 10.0
to 1466 and blood CRP level ranged from 10.0 to
304 mg/L (Table 1).

Significant correlations among the total
white blood cell count, C-reactive protein and

erythrocyte sedimentation rate (ESR) were found
(Figure 1).

A total of 35 samples (92.1%) showed
positive 16S rDNA RT-PCR. The range of bacterial
DNA amount in the synovial fluid was 0.001- 3.074
copies/ul. Standard curve had an efficiency of 90%
and R2: 0.957 which passes the standard curve
criteria. On comparing sample viscosity and RT-
PCR results, thick synovial fluid showed statistically
higher bacterial 16S rDNA gene quantity compared
with thin fluid. Purulent synovial fluid showed
statistically higher bacterial 16S rDNA gene
quantity compared to fluid with Non-purulent
appearance. Synovial PCT level was detectable in
twenty (52.6%) samples and found to be below
the detectable level (less than 0.025 ng/ml) in
18 (47.4%) samples. The synovial PCT level was
ranged from 0.025 to 2.52 ng/ml. The synovial PCT
levels were not statistically different according to
the synovial fluid consistency, gross appearance,
culture results and the presence or absence of
evidence of systemic infection. The synovial PCT
levels were not statistically different according to
the synovial fluid consistency, gross appearance,
and culture results (Table 2).

No statistically significant differences
in the 16S rRNA gene quantity with the positive
culture results (n=38). All culture-positive
samples 17/38 (44.7 %) were found to be RT-PCR
positive. Three of the culture-negative samples
(14.3 %) were found to be RT-PCR negative. No

Table 2. Comparison among synovial procalcitonin levels and bacterial 16S rRNA gene quantity by RT-PCR (copies/

ul) with synovial fluid characteristics

Synovial fluid Synovial z statistics® p value® Synovial z statistics® p value®
characteristics procalcitonin Absolute
(ng/ml) 16S rRNA gene
(copies/ul)
Median (IQR) Median (IQR)
Synovial fluid consistency
(viscosity)
Thin (n=25) 0.024 (0.275) -0.433 0.693  0.002 (2.99) -2.175 0.030
Thick (n=13) 0.024 (0.175) 2.099 (4.17)
Synovial fluid gross
appearance
Purulent(n=17) 0.146 (0.275) -1.699 0.121  0.002 (2.74) -2.031 0.042
Non-purulent(n=21) 0.190 (0.092) 1.139 (3.69)
a Mann-Whitney test
Journal of Pure and Applied Microbiology 1132 www.microbiologyjournal.org



Al-Masoodi et al. | J Pure Appl Microbiol. 2023;17(2):1128-1140. https://doi.org/10.22207/JPAM.17.2.43

false negative 16S rDNA RT-PCR in consideration of
the culture results. Seventeen of 38 (45%) samples
gave positive culture, whereas 21 of 38 (55%)
samples were negative (Figure 1). Staphylococcus
aureus was isolated in 9 of 17 (52.9%) samples, of
which three were methicillin-resistant S. aureus
(MRSA). Burkholderia pseudomallei, Pseudomonas
aeruginosa, Acinetobacter radioresistens and
Klebsiella pneumoniae each was found in one
sample (5.8%). Four of 17 (23.5%) samples showed

mixed growth of three or more organisms which
were not specifically identified. No statistically
significant differences in PCT assay results
compared to the synovial fluid culture results
(n=38) (Table 3).

DISCUSSION

Distinguishing SA from otherinflammatory
joint conditions is based on clinical and routine
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Figure 2. Distribution of patients according to the synovial fluid volume (A), gross appearance of the synovial fluid (B),
viscosity of the synovial fluid (C) and culture result of the synovial fluid (D) and Correlations among the total white
blood cell count, C-reactive protein and erythrocyte sedimentation rate (ESR) levels among patients (n=38) (E to G).
The volume of synovial fluid samples submitted to the laboratory ranged from 1 to 4 ml. twenty-four (63.2%) synovial
fluid samples were of 1-2 ml volume. Gross appearance analysis of SF relied on the visual inspection to determine
appearance and viscosity. Seventeen out of 38 (44.7 %) synovial fluid samples were purulent in appearance and
the remaining (55.3 %) were non-purulent. With regard to the sample viscosity, 13 out of 38 (34.2 %) synovial fluid
samples were thick and the remaining 25 (65.8 %) were thin. The synovial fluid volume is statistically different in
accordance to synovial fluid viscosity (Synovial fluid volume 4.11(3.0) and 7.46(3.4), respectively with p=0.005).
Significant fair direct positive correlation between white blood cell count and blood C-reactive protein levels in
the blood (Spearman's correlation, r =0.422, p value= <0.001) (E) and erythrocyte sedimentation rate (Spearman's
correlation, r = 0.510, p value= <0.001) (F). A significant fair direct positive correlation between blood C-reactive
protein levels and ESR (Spearman's correlation, r = 0.466, p value= <0.001) (G)
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laboratory investigations representing a diagnostic
challenge.* The SF volume in normal joints varies
from a few drops in small joints to several millilitres
in larger joints. SF volume in the normal knee joint
is from 0.2 to 2 ml. Pathological changes in the joint
are reflected in the volume, cellular composition
and particulate load within the SF. In the present
study, 63.2% of the synovial fluid samples volume
were of 1-2 ml (Figure 1) which might reflect the
inflammatory nature of the SF samples rather
than being an exudate of non-inflammatory origin
with larger volume. The volume of SF is of little
relevance for diagnosing SA.?

The bacterial-induced ubiquitous CALC-
1 gene expression in parenchymal cells of many
different tissues and organs, in the presence of
severe systemic bacterial sepsis, might indicate the
pivotal role of PCT as a detrimental marker of sepsis
survival and outcomes. The released endotoxin
(lipopolysaccharide, LPS) from Gram-negative
bacteria or lipoteichoic acid (LTA) from Gram-
positive bacteria and proinflammatory cytokines
are the main stimuli for CALC-1 gene expression.
The bacterial endotoxin and proinflammatory
cytokines (e.g., interleukin-1b, tumour necrosis
factor-a, interleukin-6) stimulate the secretion
of PCT from parenchymal cells which in turn,
reinforce immune cells production of cytokines
that augment the high PCT levels in patients
with systemic or local infection. PCT is produced
by inflammatory cells including monocytes,
lymphocytes, and neutrophils and accumulates
in the synovial fluid (Figure 2). A significant
correlation between white blood cell (WBC) count
and both erythrocyte sedimentation rate (ESR)
(r=0.510, p value= <0.001) and blood C-reactive
protein (CRP) levels (r = 0.422, p value= <0.001)
was demonstrated. These findings confirm the role
of the blood CRP in supporting the diagnosis of
clinically suspected SA. In this study, a significant
correlation between CRP and ESR (r = 0.466, p
value= <0.001) was found, thus suggesting the
role for both CRP and ESR in assisting the diagnosis
of clinically-suspected SA. Other studies found
that CRP is a better independent predictor of
SA than ESR.*? The lack of correlation between
blood and synovial CRP found might be due to
its deposition in areas of tissue necrosis of the
affected joints by SA.% This finding suggests that
CRP from synovial fluid does not offer a diagnostic

advantage in the detection of joint infection.
In this study, a significant relationship between
synovial CRP using latex agglutination test for semi-
guantitative antigen concentration determination
with the quantitative synovial CRP assay (p = 0.004)
(Table 1) was found. Thus, the present study is the
first to reveal the utility of CRP assessment using
latex agglutination test in SF from patients with
clinically-suspected SA and its relationship with
the quantitative synovial CRP assay.

Normal SF is highly viscous and its
viscosity is dependent on the concentration of
synovium-derived hyaluronic acid. Infectious fluid
is of low viscosity and proportional to the degree
of local inflammation.?* The finding of statistically
higher (2.099, p=0.042) bacterial 16S rRNA gene
quantity in the thick synovial fluid compared with
thin fluid (p=0.002) (Table 2) might be attributed
to the lower concentration and molecular weight
of synovial hyaluronan and the addition of various
serum-derived proteins substantially increase
the viscosity of SF as a result of inflammatory
process in the joint affected with SA.? The finding
of twenty-five (65.8 %) thin and less viscous SF
seems to be attributed to the dilution of the SF
with plasma from leaky synovial blood vessels,
and the reduction of production of the hyluronans
by the synoviocytes. Moreover, the production
and release of degrading digestive enzymes into
the fluid leads to the reduction of viscosity and
poor clot formation.* Depolymerization of the
hyaluronic acid primarily by lysosomal enzymes
of neutrophils, synovial lining cells, and cartilage
cells cause destruction of the joint cartilage
within several days.?* However, measurement of
SF viscosity was reported to be of limited clinical
utility.?® In this study, SF with higher viscosity
(thick) was found to be significantly (p=0.005) of
smaller volume compared to the volume of the
less viscous (thin) SF samples (Table 2). The smaller
volume of the more viscous SF might reflect the
technical difficulties in the aspiration of the SF or
might be due to the higher protein and cellular
contents of the inflammatory SF in patients with
SA. The thick viscosity of the synovial fluid was
more consistent with the clinical suspicion of
SA which might indicate a usefulness of the SF
viscosity assessment for the appropriate diagnosis
of SA.
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Table 3. Comparison of the synovial fluid culture results with procalcitonin assay results and bacterial 16S rRNA

gene quantity by RT-PCR (n=38)

Parameters Procalcitonin assay Bacterial 16S rRNA gene quantity
Synovial
fluid culture Result Frequency Rate x2 p- Frequency Rate x2 p-
results (%) value value® (%) value value®
Negative Detectable 11 47.6 18 85.7

Non-detectable 10 52.4 0.001 0.973 3 143 2.637 0.104
Positive Detectable 9 47.1 17 100

Non-detectable 8 52.9 0 0

2Chi square test

The statistically higher bacterial 16S rRNA
gene quantity (1.139) found in seventeen (44.7
%) SF samples with purulent gross appearance
compared with non-purulent fluid (0.002, p=0.030)
(Table 2) might indicate the utility of the gross
appearance determination in the diagnosis
work up for patients with clinically-suspected
SA. However, the gross appearance of SF is
useful in differentiating inflammatory from non-
inflammatory synovial fluid and is related to its
cellularity.’?” In another study, the purulent
appearance of the SF was reported in (74%) of
SA cases, and all non-SA cases have non-purulent
appearance.® It was reported that the gross
appearance analysis is 94% sensitive and 58%
specific for differentiating inflammatory and
non-inflammatory causes of acute arthritis with
positive predictive value of 0.69 and negative
predictive value of 0.91.2 The gross appearance
and viscosity showed significant association with
the bacterial load measured by 16S rRNA gene
RT-PCR assay.

The finding of positive synovial fluid
culture results with the clinical suspicion of SA
in 17 (44.7 %) out of the total 38 synovial fluid
samples (Table 3) might indicate the limitation
of SF culture in diagnosing SA and the need of an
efficient diagnostic tool for proper diagnosis of SA.
Prior antibiotic administration by all patients with
clinically suspected SA for at least 24-48 before
the SF aspiration might be another reason for the
finding of negative culture results. Other reasons
for the possible false negative cultures in patients
with clinically-suspected SA include; mishandling
of fluids, inappropriate culture media, fastidious
organisms, samples of small volume, transient
bacteremia, and nonbacterial infection.?® Non-

purulent arthritis (NPA) is also called reactive
arthritis or Reiter syndrome is defined as arthritis
without purulent drainage or associated abscess
with infection in another part of the body,
most often sepsis or urinary tract infection. The
mechanism of NPA is unclear but speculatively
toxin-mediated.® In this study, the mechanism of
NPA is explained, at least in part, by documenting
the presence of bacterial DNA in the SF via RT-PCR
in samples with culture negative result.

The finding of Staphylococcus aureus
including MERSA as the causative bacteria in 9
of the 17 samples (52.9%) was in accordance
with previously published data on the causative
pathogens in patients with SA.3%” Moreover, each
of the Burkholderia pseudomallei, Pseudomonas
aeruginosa, Acinetobacter radioresistens, and
Klebsiella pneumoniae was isolated from the
studied patients with SA. B. pseudomallej is a
Gram-negative, aerobic, motile, non-spore-forming
bacillus with complex bacterial genomes, causes
melioidosis disease which is endemic in South-east
Asia and northern Australia.'* B. pseudomallei
as a causative organism of septic arthritis/
osteomyelitis in 20 (12.7 %) of patients presented
with melioidosis was reported in a North-Eastern
state of Malaysia.? Klebsiella oxytoca is a member
of the family Enterobacteriaceae and known to be
responsible for nosocomial infections. The first
cases of SA caused by K. oxytoca was reported in
2010. A. radioresistens and K. pneumoniae have
not been reported as causative bacteria of SA
in Malaysia. Infections with K. pneumoniae are
increasingly reported and cause life-threatening
community-acquired infections even in patients
with competent immune response.?® The first
cases of SA caused by K. pneumoniae was
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reported in 2013 from Taiwan.** A. radioresistens
is Gram-negative, aerobic, and non-spore-forming,
coccobacilli causing opportunistic infections in
critically-ill patients with impaired immunity due to
having serious underlying predisposing conditions
or are on treatments affecting the immune
response. These opportunistic infections include
pneumonia, skin and soft-tissue infections, wound
infections, urinary tract infections, meningitis,
and bloodstream infections. Community-acquired
infections by A. radioresistens have been reported
mainly from South-east Asia and tropical Australia.
This organism is frequently multi drug-resistant
and is capable of causing morbidity and mortality
in patients with severe underlying immune
deficiency. It is grown easily on simple culture
media, forming domed, smooth, pigmented
pale yellow or grey colonies of about two mm
diameter.®* Mixed bacterial infection has been
reported in 10 % of intravenous drug users.” In
this study, cases with mixed infections have been
categorized as ‘positive culture’, even though
specific identification of each bacterium was not
performed.

The finding of no concordance between
conventional culture methods and 16S rDNA
RT-PCR (Table 3) disagrees with the conclusion
of other studies.’*? The possible reasons for
discrepancy in terms of finding positive RT-PCR and
negative culture might be attributed to a number
of reasons; presence of contaminants, insufficient
number of bacteria in the samples to reach the
level of detectability by culture as the quality
and quantity of samples are important to ensure
recovery of pathogens. Other reasons include
prior treatment with antimicrobial therapy,*
low bacterial concentration within infectious
site particularly after the initiation of antibiotic
treatment®® and the presence of fastidious growing
bacteria such as Granulicatella adiacens.

RT-PCR detects bacterial DNA from both
viable and nonviable bacteria. The presence of non-
viable anaerobic bacteria leads to negative culture
results.’® This might explain the discrepancies
between culture and RT-PCR. Nevertheless, false-
positive results can also occur due to amplicon
contamination.* Leukocyte DNA may resultin false
negative PCR by competing with the small amount
of bacterial DNA and inhibits bacteria-specific PCR
within the sample.* Therefore, a newly available

reagent kit to remove human DNA before the
Qiagen bacterial gDNA extraction is recommended.
Proteinase K, is insufficient for complete cell wall
lysis owing to its inhibition by SF components
or to the overwhelming abundance of synovial
proteins.’” Thermal and enzymatic inductions of
cell lysis in the sample processing protocol allow
more effective extraction of microbial DNA from
the difficult-to-lyse cell walls such as Gram-positive
organisms. RT-PCR is 40-fold more sensitive for
total bacterial load detection compared to culture
methods.? In this study, all culture positive
samples were also positive by RT-PCR. In order to
achieve an adequate signal to noise ratio during
PCR assay and to avoid false positive results,
different methods of decontaminating the PCR
reagents and eliminating contaminating DNA were
used. Untreated commercial PCR master mix can
be contaminated at a level of about 10 copies per
well.** DNA decontamination methods can lead to
loss of sensitivity when using universal 16S rDNA
PCR assay. The enzymatic treatment methods
for decontaminating PCR reagents include the
use of deoxyribonuclease (DNAse) treatment
and restriction endonuclease digestion. The
physical and chemical methods include, ultraviolet
irradiation and 8-methoxypsoralen treatment in
combination with UV irradiation.?® The DNAse
| eliminate up to 100 copies of contaminant
DNA without causing PCR inhibition.’” DNAse |
pretreatment of the reagents with or without
addition of ethylene diamine tetra-acetic acid
(EDTA) followed by heating is reported as the
most effective method of eliminating false-positive
results in the NTC when using universal 16S rRNA.3¢
In this study, the decontamination procedure
by using DNAse | lead to poor efficiency of PCR
that might be attributed to the DNAse-induced
degradation of the Taq polymerases®® or to long
heating step in the decontamination procedure.
The high affinity of Tag DNA polymerase for DNA
makes it impossible to completely eliminate
contaminating DNA. The use of universal 16S rDNA
PCR with the TagMan system necessitates the use
of ultrapure Taq DNA polymerase such as Molzym
Mastermix, ultrapure reagents, and DNA-free
plastic.® The finding that RT-PCR was positive for
the presence of bacteria in 35 samples while SF
culture was only positive in 17 samples suggests
that the TagMan PCR assay has analytical and
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clinical utility with speed and accuracy compared
to culture for SA. RT-PCR is a useful tool for
molecular diagnosis even in patients treated with
antimicrobial therapy.3°4°

The value of RT-PCR is enhanced when
coupled with another inflammatory biomarker
such as PCT.'® PCT concentration strongly correlates
with bacterial load and severity of infections, thus
making it beneficial for use to guide antibiotic
therapy, support therapeutic decision making,
decrease the unnecessarily prolonged use of
antibiotics in non-bacterial disease, and allow early
diagnosis of bacterial SA. PCT as a biomarker for
differentiating SA from non-SA has been previously
evaluated with conflicting results.* In localized
infection a specific, cut-off value is needed to
increase the sensitivity of the test. ' The proposed
reasons for the lack of statistical difference in the
synovial PCT levels according to the synovial fluid
gross appearance, viscosity, conventional culture
results and 16S rDNA RT-PCR include the facts that;
PCT is secreted at lower levels in body fluids other
than serum,? its levels are generally low during
infection in biological fluids® and it lacks sensitivity
in local infections and increase only if the infection
involves surrounding tissues or the presence
of systemic infection. Other reasons include;
delayed processing of frozen-stored samples for
longer than 24 hrs while the half life of PCT in
the synovial fluid is about 20 to 24 hrs* and its
level is elevated when the cause of SA is systemic
rather than local.'**? In addition, higher PCT level
was reported in patients with Gram-negative
than those with Gram-positive blood-born
infection.** The role of PCT in arthritic destruction
is uncertain.” Low or transient production of
PCT by inflammatory cells including monocytes,
lymphocytes, and neutrophils and its accumulation
in the synovial fluid thereafter is typically evident
in the follow-up measurements.'®? PCT levels
showed no significant difference in patients with
SA compared to those without evidences of SA.°
However, the previously reported significantly
higher levels of PCT in the SF of patients with SA
and the consideration of PCT assay in SF as positive
indicators of SA might attribute to the freshness
of the SF samples used in the experiments.** PCT
has been reported to be stable in samples stored
at -20°C for a long period.?

CONCLUSION

There is no current globally accepted
reference standard for the diagnosis of SA. The
gross appearance and viscosity showed significant
relationship with the bacterial load measured
by 16S rRNA gene RT-PCR assay in SF samples of
patients with clinically-suspected SA. RT-PCR is
a useful tool for molecular diagnosis of SA even
in patients treated with antimicrobial therapy,
detecting bacteria in samples with negative
SF culture results, and has clinical utility with
speed and accuracy compared to culture for
SA. The awareness of K. pneumoniae and A.
radioresistens as causative bacteria in patients
with SA regardless of their immune status should
be prompted among clinicians. Synovial CRP
assessment using latex agglutination is useful
and found to be significantly associated with the
quantitative synovial CRP assay. Locally-developed
guideline involving 16S rRNA gene RT-PCR assay for
diagnosing SA should be established to improve
the diagnostic performance. Precautions and
procedural modification to reduce the problem of
amplification of background DNA contamination
is essential. Identification of the individual
bacteria using techniques with lower detection
limit such as Digital PCR (d-PCR) technology and
next-generation sequencing (NGS) to identify
unculturable bacteria including fastidious bacteria
or new pathogen in SF samples is recommended.
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