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Abstract 
Introduction: Diagnosis of bloodstream infections using bacteriological cultures suffers from low sensitivity and reporting delay. Advanced 

molecular techniques introduced in many laboratories provide rapid results and may show improvements in patient outcomes. This study 

aimed to evaluate the usefulness of a molecular technique, broad-range 16S rRNA PCR followed by sequencing for the diagnosis of 

bloodstream infections, compared to blood culture in different patient groups. 

Methodology: Conventional PCR was performed, using broad-range 16S rRNA primers, on blood cultures collected from different patients 

with suspected bloodstream infections; results were compared with those of blood culture. 

Results: Though blood culture is regarded as the gold standard, PCR evaluation showed sensitivity of 86.25%, specificity of 91.25%, positive 

predictive value of 76.67%, negative predictive value of 95.22%, and accuracy of 88.8%. 

Conclusions: Molecular assays seem not to be sufficient to replace microbial cultures in the diagnosis of bloodstream infections, but they can 

offer a rapid, good negative test to rule out infection due to their high negative predictive value. 
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Introduction 
Blood cultures are considered the gold standard in 

the diagnosis of bloodstream infections (BSIs) [1]. 

Blood cultures have shown low sensitivity in the 

detection of bacterial agents in cases of low-grade 

bacteraemia, in cases where adequate sample volume 

for inoculation in blood culture bottles cannot be 

obtained, and in cases where antibiotics are used 

before blood sampling [2]. Also, microbial culture 

results may take at least 24 to 72 hours to become 

available. Automated systems for continuous blood 

culture monitoring improved blood cultures greatly. 

Also, results can raise an alarm signal whenever a 

positive culture is detected. Further subcultures are 

still required to perform specific biochemical assays 

needed for pathogen identification [3]. 

New developments in the diagnosis of BSIs 

include the use of new blood biomarkers [4], revised 

clinical criteria, and new molecular pathogen detection 

methods [5]. 

Molecular pathogen detection methods are based 

on two main principles – hybridization or 

amplification. Hybridization-based methods such as 

fluorescence in situ hybridization (FISH) can be 

applied to positive blood cultures using 

oligonucleotide probes that target consensus bacterial 

genes (typically rRNA genes) [6]. A recent 

development of the classic oligonucleotide probes is 

the peptide nucleic acid (PNA) probes. They are 

neutrally charged synthetic oligomers that mimic the 

DNA or the RNA structure, giving them a stronger 

hybridization capability [7] and a lower susceptibility 

to inhibition by impurities. PNA-FISH probes can be 

clinically applied to a wider range of clinical samples 

than can amplification methods [8]. 

Amplification methods (e.g., polymerase chain 

reaction [PCR]) have been used to amplify specific 

target regions in the microbial genome. Broad-range 

PCR targets the 16S rRNA gene, a consensus gene that 

is present in all bacteria and consists of two regions – 

conserved and variable [9]. The conserved regions are 

targeted by universal primers for detection of the 

presence of a microorganism; the variable regions are 

targeted by genus or species-specific primers. Using 

universal primers, the amplified target regions are 

subjected to sequencing or microarray/probe 
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hybridization for identification of the microorganism 

genus and species [10]. 

PCR amplification of conserved regions of the 

bacterial genome, especially the 16S rRNA gene 

followed by sequence analysis, is a well-established 

technique for the identification of bacterial pathogens 

[11]. It has been applied to many types of samples for 

the diagnosis of different infections including blood 

stream infections, neonatal sepsis, and infective 

endocarditis [12,13]. 

This study was performed to evaluate the 

performance of 16S rRNA PCR followed by 

sequencing in the diagnosis of bloodstream infections 

(BSIs) and to compare its results to those of blood 

culture, the gold standard used in the diagnosis of 

BSIs. 

 

Methodology 
Study design 

This prospective study included 280 patients of all 

age groups with clinically suspected bloodstream 

infections (BSIs) referred to Cairo University teaching 

hospital (Kasr alainy) between 2010 and 2012, to three 

different departments – cardiology, cardiothoracic 

surgery intensive care unit (ICU), and neonatal ICU. 

This included patients diagnosed with neonatal sepsis, 

infective endocarditis, central line-related bacteraemia, 

and bacteraemia secondary to other infections. 

Written consent was obtained from the patients at 

admission for all the procedures performed, which 

were part of the routine investigations for patients with 

suspected BSIs established in the hospital. The 

Clinical and Chemical Pathology department’s (Kasr 

alainy) Ethical Committee approval was obtained in 

August 2009 for the study to be done on patients 

admitted to these departments between 2010 and 2012. 

 

Laboratory methods 

A total of 288 blood samples were collected from 

280 patients (8 patients developed a second attack of 

suspected BSI during their hospital stay) as part of the 

routine work-up based on hospital guidelines of cases 

with suspected BSIs. Simultaneous blood culture and 

broad-range 16S rRNA PCR followed by sequencing 

was performed on inoculated blood culture bottles. 

 

Blood cultures 

At least two blood culture samples from each 

patient were obtained as soon as possible after 

enrolment. Blood culture vials were supplied and 

stored according to the manufacturer’s instructions. 

Blood samples were collected using sterile techniques 

to reduce contamination. A 10 cc syringe was used to 

draw 8-10 mL of blood from the patient twice; the 

needle was aseptically inoculated into each of the 

BACTEC Plus aerobic/F and BACTEC Plus 

anaerobic/F blood culture vials (Becton, Dickinson 

Dubai, UAE) at bedside after swabbing the septum 

with alcohol (not iodine). In neonates, 1-3 mL of 

blood was accepted for each bottle. The volume 

collected was monitored by the gradation marks on the 

vial label, and was transported to the laboratory as 

soon as possible. Inoculated vials were placed in the 

BACTEC fluorescent 9240 instrument (BACTEC 

Becton Dickinson, Dubai, UAE) for incubation and 

monitoring for 5 days unless the clinical diagnosis was 

infective endocarditis, in which case incubation was 

extended to 21 days. The instrument automatically 

tested the vials every 10 minutes, and positive vials 

were determined. Positive bottles were then sub-

cultured and colonies were identified according to 

standard Gram staining and biochemical reactions 

[14]. 

 

Molecular techniques 

For detection of broad-range bacterial 16S rRNA 

from inoculated blood culture bottles, samples were 

done in duplicate – from aerobic and anaerobic bottles 

for each patient in the same setting. Bacterial DNA 

was extracted from inoculated blood culture bottles, 

using the wash/alkali/heat lysis method previously 

described by Millar et al. [15].  Briefly, 5 mL was 

drawn from each bottle after a 24-hour incubation 

period in the BACTEC fluorescent 9240 instrument. 

Samples were centrifuged at 3000 rpm and the 

supernatant was removed to concentrate cells. A cell 

pellet containing any microbial DNA was washed 

three times with sterile saline solution, mixed by 

inversion, and subsequently centrifuged. The cell 

pellet was re-suspended in Tris-EDTA (20 mM Tris-

HCl, pH 8, 2 mM EDTA, 1.2% Triton X-100) and 

heated at 100°C for 1 hour. The sample was frozen 

and thawed twice and subsequently centrifuged in a 

micro-centrifuge at 12,000 rpm for 30 seconds to 

remove the cell debris. The supernatant containing the 

extracted DNA was transferred to a sterile PCR quality 

tube and stored at -20°C prior to PCR [15]. 

Eubacterial broad-range 16S rRNA primer set 536f 

5'CAGCAGCCGCGGTAATAC and RP2 

5'eACGGCACCTTGTTACGACTT (AccuOligo, 

Bioneer, Daejeon, Korea) was used for DNA 

amplification and cycling conditions, as previously 

described [16,17]. Briefly, PCR reagents were added 

to each labeled tube as per PCR mix: Dream Taq PCR 
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Master Mix (2X) (Fermentas Vilnius, Lithuania ) 25 

µL, 0.2mM of each primer, template DNA 10 µL 

(approximately 500 ng), 5 µL 1X PCR buffer, 1U 

Dream Taq DNA Polymerase (Fermentas) completed 

to 50 µL with nuclease-free water. The reaction 

mixtures were vortexed briefly. Amplification 

reactions were carried out in an air-cooled Biometra 

UNO Thermoblock cycler (Biomedizinische GmbH, 

Göttingen Germany). Amplification started with an 

initial incubation at 95°C for 15 minutes, followed by 

35 cycles of heating at 95°C for 1 minute, annealing at 

62°C for 30 seconds, and extension at 72°C for 90 

seconds. Amplification ended with an extension step at 

72°C for 10 minutes. A positive control was included 

in each run using Staphylococcus aureus (ATCC 

25923) and Escherichia coli (ATCC 25922) in 

addition to a negative control, containing all PCR 

reagents except the DNA. The PCR products were 

purified using the GeneJET PCR Purification Kit 

(Fermentas), as defined by the supplier, and 4 µL of 

purified PCR product was sequenced in a 20 µL final 

volume containing sequencing buffer, 3.2 pmole of 

forward (536F) primer, 3 µL of BigDye Terminator 

V3.1 mix (Applied Biosystems, Foster City, 

California, USA ), 3 μL of BigDye 5X dilution buffer, 

and 8 µL of deionized water. Sequencing reactions 

were purified using Centri-Sep columns (Princeton 

separations), and the purified products were sequenced 

on an ABI PRISM 310 genetic analyzer (Applied 

Biosystems). Sequences obtained were analyzed with 

Autoassembler software and compared with those 

available in the GenBank database for 16S ribosomal 

RNA sequences (bacteria and archaea) using 

MegaBLAST (basic local alignment search tool) 

optimized for highly similar sequences. The default 

search settings in www.ncbi.nlm.nih.gov were used, 

though environmental sample sequences were 

excluded [16,17]. 

 

Interpretation of the results 

Identification to the species level was defined as 

sequence similarity of ≥ 99% with that of the GenBank 

prototype strain sequence; identification to the genus 

level was defined as sequence similarity of 97%–

98.9% with that of the GenBank prototype strain 

sequence. A failure to identify was defined as 

sequence similarity of < 97% with sequences 

deposited in GenBank at the time of the analysis [18]. 

 

Statistical methods 

Statistical analysis was performed using SPSS 

statistical software version 15 (SPSS Inc., Chicago, IL, 

USA). Agreement between different diagnostic 

techniques was tested using kappa statistic. A p value 

of < 0.05 was considered statistically significant. 

 

Results 
In this study, 280 patients were subjected to blood 

culture, and broad-range 16S rRNA PCR was 

performed on a total of 288 samples. 

 Blood culture was positive in 69 (24%) patients 

and negative in 219 (76%) patients with suspected 

sepsis. 

Broad-range 16S rRNA PCR was positive in 79 

(27.4%) blood culture samples. 

Broad-range PCR and blood culture results 

showed an agreement of 68.7% in negative cases and 

of 20.1% in positive cases, collectively an agreement 

of 88.8% between the two methods (Table 1). 

Though blood culture is regarded as the gold 

standard, PCR for 16S rRNA evaluation showed a 

sensitivity of 86.25% (95% confidence interval 

[CI]:76.72% to 92.92%), specificity of 91.25% (95% 

CI: 86.93% to 94.50%), positive predictive value of 

76.67% (95% CI: 66.57% to 84.94%), negative 

predictive value of 95.22% (95% CI: 91.60% to 

97.59%), and accuracy of 88.8%. 

Microorganisms identified by blood culture were 

consistent with those identified by broad-range PCR 

followed by sequencing in 50% (46/92) of cases 

(Table 2). 

The inconsistent results between blood culture and 

PCR could be divided into three categories. In the first 

category, PCR was positive in 21 cases with negative 

blood culture results and could identify an organism 

by sequencing in 19 of them (2 cases with inadequate 

bands). In the second category, PCR failed to diagnose 

15 blood culture-positive cases, 4 of them due to 

double or inadequate bands which rendered them not 

suitable for sequence identification. In the third 

category, PCR showed a difference in the 

identification of microorganisms isolated from blood 

culture in 10 cases. Details are shown in Table 3. 

 

Technique evaluation 

The turnaround times and costs of blood cultures 

versus PCR were compared. Blood cultures were 

found to cost more money than PCR followed by 

sequencing, in both negative and positive cases. 

Negative cases required repetition of sampling, while 

positive cases needed further identification of the 

isolated microorganism using different culture media 

and biochemical tests (Table 4). 
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  Table 1. The relation between blood PCR 16S primer and blood culture 

  

Blood culture Total 

P value 

0.000 

Negative Positive 
 

Blood PCR 

16S primer 

Negative 

Count 198 11 209 

% within Blood culture 90.4% 16.0% 72.6% 

% of total 68.7% 3.8% 72.6% 

Positive 

Count 21 58 79 

% within Blood culture 9.6% 84.0% 27.4% 

% of total 7.3% 20.1% 27.4% 

Total 
Count 219 69 288 

% of total 76.0% 24.0% 100.0%% 

 

 

Table 2. Consistent results between organisms identified by blood culture compared to organisms identified by blood PCR 

sequencing 

Blood culture organism Blood PCR sequencing organism 

Staphylococcus aureus (15)* Staphylococcus aureus (15)* 

Enterococcus  spp. (4)* Enterococcus  faecium (3)*, dispar/casseliflavus (1)* 

Streptococcus viridans (4)* Streptococcus mitis (1)*, oralis (2*), mutans (1)* 

Pseudomonas  aeruginosa (2)* Pseudomonas aeruginosa (2)* 

CoNS (7)* Staphylococcus lugdunensis (3)*, haemolyticus (1)*carnosus (1)*, warneri (2)*carnosus 

Acinetobacter spp. (2)* Acinetobacter baumannii (2)* 

Klebsiella  spp. (8)* Klebsiella pneumoniae (8)* 

E. coli (2)* E. coli (2)* 

Enterobacter spp. (1)* Enterobacter cloacae (1)* 

Corynebacterium spp.(1)* Corynebacterium jeikium (1)* 

*Number of cases identified 

 

 

Table 3. Inconsistent results between organisms identified by blood culture compared to organisms identified by blood PCR 

sequencing 

Blood culture organism Blood PCR sequencing organism 

Staphylococcus aureus (3)* NR** 

Enterobacter spp.  and  Pseudomonas spp. NR** 

Enterococcus spp. (4)* NR (2)*, Achromobacter denitrificans (1)*, Streptococcus anginosus (1)* 

CoNS (6)* NR (5)*, Salinicoccus albus (1)* 

CoNS  and Streptococcus viridans Double band 

Streptococcus viridans (6)* 
Inadequate band (3)*, Acinetobacter  baumannii (1)*, Brevibacillus brevi (1)*, 

Staphylococcus hominis (1)* 

Brucella spp. Staphylococcus aureus/saprophyticus 

Peptostreptococcus Streptococcus mutans 

Propionibacterium  acnes Bacillus safensis 

Klebsiella  spp. Brucella spp. 

NR** (21)* 

Geobacillus (1)*, Bacillus firmus (1)*, Staphylococcus aureus (1)*, Bordetella 

holmesi (1)*, Achromobacter denitrificans (1)*, Achromobacter xylosoxidans (1)*, 

Staphylococcus hemolyticus (1)*, inadequate band (2)*, Enterobacter cloacae (1)*, 

Proteus mirabilis (1)*, Staphylococcus carnosus (1)*, Haemophilus influenzae 

(1)*, Klebsiella pneumoniae (3*), Streptococcus pyogenes (1)*, Acinetobacter 

baumannii (3)*, Pseudomonas aeruginosa (1)* 

*Number of cases identified   **NR: negative result 

 
 

Table 4. Comparison between blood culture and PCR 

Test Labor Turnaround time Cost/ test/USD 

Blood culture (BACTEC system) negative cases Easy 5 days 15-50 

Blood culture (BACTEC system) positive cases Moderate 3-4 days 25-100 

PCR Moderate 4 hours 16 

Sequencing Intensive 6 hours 40 
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Discussion 
Diagnosis of bloodstream infections is based on 

isolation of a causative agent in blood samples. 

Clinical suspicion of bloodstream infection is 

sufficient to begin administration of appropriate 

antibiotics. The best antibiotic is determined by trial 

and error, and broad-spectrum antibiotics that cover 

the most likely etiologic agents are usually prescribed. 

One major limitation to a specific regimen is the 

unavailability of a rapid and reliable diagnostic test 

used for the identification of the etiologic agents [19]. 

Blood culture is a highly specific, commonly used 

technique for the diagnosis of bloodstream infections, 

although its sensitivity remains low [19]. 

Antigen detection and serological testing are 

highly specific but have many variations in sensitivity, 

and the organism must be targeted according to 

clinical suspicion of each case [19].  

Molecular methods have many advantages, as they 

are rapid and they require the analysis of a smaller 

sample volume than culture does. The disadvantage of 

broad-range PCR is that after the amplification of a 

specific sequence, a sequencing or probe identification 

step is required [20]. 

This in-house evaluation of conventional 16S 

rRNA PCR assay against blood culture, regarded as 

the gold standard, showed a sensitivity of 86.25%, 

specificity of 91.25%, positive predictive value of 

76.67%, negative predictive value of 95.22%, and 

accuracy of 88.8%. These values are similar to those 

found in other studies using conventional or automated 

PCR techniques [20,21].  

A multicenter study performed on 342 blood 

samples from 187 patients using a new commercial 

real-time multiplex PCR test (SepsiTest, Molzym, 

Bremen, Germany) found a diagnostic sensitivity and 

specificity of 87.0% and 85.8%, respectively [20]. In 

another study, PCR showed sensitivity of 88%, 

specificity of 96.3%, positive and negative predictive 

values of 74.3% and 98.5%, respectively, which are 

close to the results found in the present study [21]. 

Contrary to the present findings, another study 

using a commercial real-time multiplex PCR, Light 

Cycler SeptiFast Test (Roche Diagnostics, Mannheim, 

Germany) showed a higher specificity (95%) and a 

modest sensitivity (61%) [22]. This difference in 

specificity may be because their PCR technique could 

detect additional positive cases that were missed by 

blood culture but undetected in other body site 

infections (e.g., urinary tract infection), as in cases of 

transient bacteremia of very low levels due to primary 

infections in other sites. The low sensitivity may be 

due to the presence of some organisms isolated by 

blood culture that were not on the list or panel of 

organisms detected by SeptiFast PCR [22]. 

In the present study, positive PCR results were 

found in 27.4% of cases, which is in the positivity 

range (from 3% to 29%) of many other different 

studies using molecular assays [23]. 

As for the identification of bacteria using PCR 

followed by sequencing technique, the length of the 

amplified PCR product controlled the efficiency of the 

sequence obtained. In the present study, the PCR 

product could not be identified by sequencing because 

of short PCR bands that led to the lack of 

identification of any related sequences in the database 

in 6.3% (5/79) of cases and because of a double band 

in 1.3% (1/79) of cases. In the present study, 92.4% 

(73/79) of positive PCR isolates were identified to the 

species level. 

The present data is comparable to results of 

another study that evaluated the usefulness of 16S 

rRNA PCR sequencing for bacterial identification 

done over a period of 30 months on 683 bacterial 

isolates. The identification of microorganisms was 

limited to only the genus level (15.8%) and the 

sequence remained unidentifiable by 16S rRNA 

sequence analysis in only 1% of cases [11]. 

Less favorable results were reported by another 

study performed in Brazil, where 41% of the samples 

from patients were characterized to the genus level. 

This may have been due to the use of the broadly 

conserved bacterial 23S rRNA primers, although the 

same extraction method was used (wash/alkali/heat-

lysis). The findings suggested a high degree of 

agreement between the results of blood culture and 

PCR, reaching 88.8%, with consistency in identified 

organism in 50% of cases [24]. 

In the present study, it does not appear that this 

PCR assay could replace blood culture for the 

identification of bloodstream infections in patients, as 

15 samples could not be identified. Four of these were 

positive, but short PCR bands or double bands 

hindered organism identification using sequencing, 

and those patients were continued on empiric broad-

range antibiotic treatment. Eleven cases were positive 

by blood culture but negative by 16S rRNA PCR, 

which missed a significant number of infections that 

would be critical to recognize. 

Most of the missed cases were Gram-positive 

cocci (10/11); five were coagulase-negative 

staphylococci, three were Staphylococcus aureus, two 

were Enterococcus spp., and only one was Gram-

negative bacilli. Positive blood cultures yielding 
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Gram-positive organisms were previously reported 

with negative PCR results and could be explained by a 

common technical factor – difficulties in breaking the 

cell walls of Gram-positive organisms during sample 

preparation – which resulted in the failure of the DNA 

extraction process [24]. 

PCR was positive in 21 blood culture-negative 

samples; in 13 cases, a common BSI causing 

organisms that may have been missed due to prior 

antibiotic intake or low level bacteraemia was 

identified. In 3 cases, unusual bacteria 

(Achromobacter dentrificans, Achromobacter 

xylosoxidans, and Bordetella holmesi), which are rare 

causes of central venous line-related bacteraemia in 

immunocompromised patients and patients on 

hemodialysis, were found [25]. 

Millar et al. stated that the major practical problem 

associated with the use of broad-range ribosomal RNA 

PCR is contamination of the assay by exogenous 

bacterial DNA. This occurred in two of our cases – the 

environmental contaminants Geobacillus and Bacillus 

firmus were identified. Millar et al. also recommended 

sticking strictly to the general precautions of PCR 

protocols to avoid contamination and also 

recommended adding special precautions for broad-

range PCR such as UV irradiation of all PCR reagents 

(except primers) and PCR-dedicated pipettes and tubes 

before amplification [26]. These recommendations 

were followed in the present study. 

Another method suggested to decrease the 

possibility of contamination was the treatment of all 

PCR reagents before amplification with the restriction 

endonuclease AluI, which destroys all contaminating 

DNA targets but leaves the primer set intact [24]. 

The low cost of the PCR method performed in the 

present study, including the rapid manual extraction of 

bacterial DNA from blood, broad-range primers, and 

PCR master mix, makes this method affordable and 

easily applicable to the clinical microbiology 

laboratory. This can result in early administration of 

appropriate antibiotics to patients with suspected 

bacteraemia, thus reducing mortality and morbidity, or 

in the reduction of empirical use of antibiotics in 

patients with no proven infection, lowering their 

exposure to the hazards of drug toxicity and high 

costs. However, DNA amplification techniques 

provide positive/negative results with nonviable 

microorganisms available for antibacterial 

susceptibilities, which still have to be determined by 

conventional methods using bacterial cultures. 

In summary, PCR is a promising low-cost method 

that can be used in the rapid identification of 

bloodstream infections and to rule out infection. PCR 

must be interpreted cautiously and hand-in-hand with 

blood culture, offering the possibility of identifying 

more positive cases that may be missed by 

conventional culture methods. 
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