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Introduction: Diagnosis of bloodstream infections using 

microbiological 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 Genus-

specific multiplex PCR and Candida specific nested PCR for the 

diagnosis of bloodstream infections in immunocompromised  patients 

with haematological malignancies, compared to automated blood 
culture .Methodology: Conventional broad-range PCR and candida 

specific nested PCR were performed , on EDTA blood and plasma 

samples collected from different patients with haematological 

malignancies complaining of febrile neutropenia; Positive cases by 

broad range PCR identified by genus specific multiplex PCR. results 

were compared with those of automated blood culture.Results: 

Though blood culture is regarded as the gold standard, Broad range 

PCR evaluation showed Sensitivity of 83.3% ,specificity of 86.8%, 

Positive predictive value of 66.7%, Negative predictive value of 

94.3%and  accuracy of 86.0% .Candida specific nested PCR 

evaluation showed Sensitivity of 100% ,specificity of 89.6%, Positive 
predictive value of 28.6%  , Negative predictive value of 100%and  

accuracy of 90%. and the results of both techniques correlated well 

with those of blood culture. Conclusions: Molecular assays are 

promising method that can be used in the rapid diagnosis of 

bloodstream infections but they seem not to be sufficient to replace 

microbial cultures which must associate these techniques. 

 

                                Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:-  
Bacterial bloodstream infections (BSIs) rank first in terms of infectious complications during neutropenia and the 

inadequacy of the inflammatory response makes sepsis a significant cause of death in this setting. Therefore, febrile 

neutropenia should be considered a medical emergency and a prompt administration of empirical antibiotic therapy 

is mandatory, since it has been associated with lower morbidity and mortality (Gustinetti and Mikulska ,2016). 

Candidemia is still a genuine infection in hematology patients, in spite of the fact that the occurrence of candidemia 
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has diminished with the presentation of azole medications in the 1990 (Nogaard ,2012). Blood cultures are 

considered the gold standard in the diagnosis of bloodstream infections (BSIs) (Rodriguez-Creixems et al., 2008)  

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 (Isaacman et al.,1996). New developments in the diagnosis of BSIs 

include the use of new blood biomarkers (Pierrakos and Vincent, 2010), revised clinical criteria, and new molecular 
pathogen detection methods (Murray and Masur ,2012). 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) (Kempf et al.,2000). Amplification methods (e.g., polymerase chain reaction 

[PCR] have been used to amplify specific target regions in the microbial genome. For amplification based 

techniques it include broad range assays, Pathogen specific assays and multiplex PCR assays(Mancini et 

al.,2010)..For broad range assays further Identification of microorganisms can be performed by PCR algorithms, 

taxon-specific oligonucleotide microarray, or sequencing amplification(Arabestani et al.,2014).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. 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 (Woese,1987).  

This study aimed to evaluate the usefulness of a molecular technique, broad-range 16S rRNA PCR followed by 

Genus-specific multiplex PCR and Candida specific nested PCR for the diagnosis of bloodstream infections in 

immunocompromised  patients with haematological malignancies, compared to automated blood culture  

 

Subjects and Methods:- 
This work was carried out at the Departments of Clinical Pathology, oncology and haematology, Zagazig University 

Hospitals from February 2013 to October 2013. 

 

Subjects:- 

Selection of patients and controls:- 

It included 50 immunocompromised patients with different types of haematological malignancies referred from 

haematology and Oncology Department, Zagazig University Hospitals and had episodes of fever and neutropenia 

during the period of study. They included 30 AML patients(G1 subgroup) , 14 ALL patients(G2 subgroup) and 6 

NHL patients(G3 subgroup) together with 20 controls age and sex matched with absence of any clinical signs and 

symptoms of infection. 

 

Definition of episode of fever and neutropenia:- 

An episode of fever and neutropenia was defined as two consecutive readings of oral temperature 38.0°C or more 

within 2 hours and an absolute neutrophil count < 500/µl, or (500-1000/µl ) and expected to fall below 500/µl in the 

next 48 hours).all febrile neutropenic patients managed according to ESMO guidelines for treatment of febrile 

neutropenia. (De Naurois et al.,2010) 

 

Blood samples:- 

Thirteen milliliters (13 ml) of venous blood were collected from all subjects at the start of onset of fever and taken 

under complete aseptic conditions then divided into: 10 ml of blood for automated blood culture, 3 ml EDTA-blood 

for CBC and molecular techniques.  
 

Methods:- 
Automated Blood culture:-  

Blood culture vials were inoculated in an automated continuous- monitoring blood culture system, Bact/Alert 60 

(Biomerieux ,Marcy-l’Etoile ,France).The bottles were incubated immediately upon receipt in the microbiology 

laboratory in accordance with the manufacture’s recommendation. Blood culture vials were supplied and stored 

according to the manufacturer’s instructions. Blood samples were collected using sterile techniques to reduce 
contamination. Subculture was done from positive culture vials on blood, MacConkey and sabroud`s dextrose agar 

media. The culture bottles that did not show any sign of bacterial growth after seven days of incubation were 

reported as negative. Further identification to identify the species done by vitek MS system.  
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Molecular techniques for diagnosis of bacterial blood stream infection:-  

Bacterial DNA was extracted from 500 µl whole blood sample, using the method previously described by jordan and 

durso (2005).PCR controls were prepared from reference strains  (E. coli ATCC 8739 ), (Staph Aureus ATCC 

29213) , (Pseudomonas airuginosa ATCC 27853) and (Enterococcus fecalis ATCC  29212) ) provided from 

(Biomerieux, Marcy-l’Etoile,France) . Genomic bacterial DNA extraction from culture plate  was done as described 

by Arabestani et al.,2014 using the QIAamp DNA Mini Kit (Qiagen, Hilden,  Germany)  

 

Universal broad range bacterial PCR:-  
Eubacterial broad-range 16S rRNA primer set (Biosearch technologies . Petaluma, CA, U.S.A) was used to 

amplify approximately 1.500 bp of a consensus 16S rDNA gene. Universal primers were: 5´-AGA GTT TGA TCA 

TGG CTC AG-3´ as forward  (located at positions 8-27). 

 

5´-GGT TAC CTT GTT ACG ACT T-3´ as reverse  (located at positions 1509-1491) [5]. Briefly, TopTaq Master 

Mix,2x(Qiagen, Hilden,  Germany) was mixed by vortexing briefly and  25 μl was dispensed into each PCR tube 

with final concentration ( 1.25 U  top taq DNA polymerase/reaction , 1x PCR buffer  with 1.5 mM MgCl2 , 200 mM 

of each deoxynucleotide triphosphate (dNTPs)  , 1 μl of each forward and reverse working primer solution with 10 

pmol/ μl (10 μM ) was added with final concentration of 0.2 μM ,4 μl of template DNA was added,19 μl of RNase 

free water was added to reach final volume 50 μl ,Positive and negative controls were performed in  in each assay to 
determine false results. DNA from Escherichia coli (E. coli ATCC 8739 ) was used as positive control, and sterile 

water and PCR mixtures (without template)  as negative controls. The PCR reaction tubes were placed in the thermal 

cycler and start the cycling program as follows: 

 

An initial preincubation at 94 °C for 3 minutes, then was followed by 35 cycles of 30 seconds denaturation at 94 °C, 

30 seconds annealing at 60 °C and 60 seconds extension at 72°C. There were final extension period at 72°C for 10 

minutes after completion of the cycling sequence.                                                                       

 

Genus specific multiplex PCR:- 

Primers were targeted at the characteristic 16s rRNA (variable regions) for the following genera  Enterococcus 

,Staphylococcus and Pseudomonas and  for 23s rRNA gene for enterobacteriacea (Mitsuda et al.,2011). primers used 
were     Enterobacteriaceae 23S rRNA                                                          

 

En-lsu3  F TGCCGTAACTTCGGGAGAAGGC 

En-lsu3  R TCAAGGCTCAATGTTCAGTGTC 

Enterococcus 16S rRNA:  

Ec-ssu1  F GGATAACACTTGGAAACAGG  

Ec-ssu1  R TCCTTGTTCTTCTCTAACAA 

Staphylococcus 16S rRNA:  

STPY  F ACGGTCTTGCTGTCACTTATA  

STPY  R TACACATATGTTCTTCCCTAATAA 

Pseudomonas 16S rRNA: 

 PSD7  F CAAAACTACTGAGCTAGAGTACG  
 PSD7  R TAAGATCTCAAGGATCCCAACGGCT 

 

The method of DNA amplification was carried out using Qiagen multiplex plus kit (Qiagen , Hilden,Germany) as 

described by the manufacture. Briefly ,25µl 2x Multiplex PCR Master Mix was mixed with 5µl from(10xprimer 

mix,2µM each primer) , Q-solution , CoralLoad Dye and RNase-free water to prepare reaction mix to which 5µl 

template DNA was added followed by adequate mixing, Positive and negative controls were performed in each 

assay to determine false results.DNA from Reference strains (E. coli ATCC 8739 ),(Staph Aureus ATCC 

29213),(Pseudomonas airuginosa ATCC 27853) and (Enterococcus fecalis ATCC  29212) was added as positive 

control, and sterile water and PCR mixtures (without template) were used as negative controls.PCR reaction tubes 

were placed in the thermal cycler and start the cycling program as follow :An initial preincubation at 95 C for 5 

minutes, then was followed by 35 cycles of 30 seconds denaturation at 95 °C, 90 seconds annealing at 60 °C and 30 
seconds extension at 72°C. There were final extension period at 68°C for 10 minutes after completion of the cycling 

sequence.Samples were analyzed on agarose gel 3% by gel electrophoresis. Results were interpretated as follow The 

negative control was examined to exclude any source of contamination. The positive control was examined for the 
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presence of sharp bands at 428 bp for Enterobacteriaceae, 257 bp for staphylococcus spp. , 215 bp for pseudomonas 

spp. And 115 bp for Enterococcus spp.  

 

Molecular techniques for diagnosis of candida blood stream infection:- 

Nested PCR using two sets of primers was used to increase the sensitivity and specificity of the assay. Total DNA 

from 200 µl plasma was extracted using QIAamp DNA Mini Kit supplied by QIAGEN companies. plasma sample 
was preferred due to higher sensitivity than whole blood for detection of candida DNA( Lau et al.,2009;Nguyen et 

al.,2012). PCR controls for candida prepared from isolated  Candida albicans strain  grown on sabroud dextrose agar 

for 48 hours. Genomic Candida DNA extraction was done as described by Metwally et al., (2007) using the QIAamp 

DNA Mini Kit (Qiagen, Hilden,  Germany) . 

 

2 μl of extracted DNA  mixed with  1 μl of each forward and reverse working panfungal primer solution with 10 

pmol/ μl were subjected to the first round of amplification using ready to go PCR beads Maxime PCR PreMix Kit . 

(i-Taq; for 20μl reaction, Intron Biotechnology, Inc.) which contain all the reagents necessary for PCR reaction 

except primers and template. 16 μl of distilled water was added to reach final volume 20 μl ,Positive and negative 

controls were performed in  in each assay to determine false results.For first round of amplification the Panfungal 

primers were used. (Jaeger et al.,2000) 

 
Pffor : 5` AGGGATGTATTTATTAGATAAAAAATCAA 3`.  

Pfrev2 : 5 CGCAGTAGTTAGTCTTCAGTAAATC 3`. 

 

All tubes were transferred to the thermal cycler (Gene Amp PCR system, Applied Biosystems, USA) where they 

were subjected to initial one cycle of denaturation at 95 C˚ for 5 min followed by 40 cycles of denaturation at 95 C˚ 

for 30 sec, annealing at 58 C˚ for 30 sec and extension at 72 C˚ for 20 sec, and final one cycle of extension at 72 C˚ 

for 7 min. Three ul of the amplified panfungal products were used to carry a 2nd amplification (Nested PCR) using 

the Candida primers by the same method of amplification with the exception of annealing temperature, which was 

66 C˚ using the following primers :Candida species primers (Jaeger et al.,2000) 

 

CaFor2 : 5´ GGGAGGTAGTGACAATAAATAAC 3´. 
Carev3 : 5´CGTCCCTATTAATCATTACGAT 3´. 

 

The final PCR products were visualized with UV transilluminator after electrophoresis on 2% agarose gels, stained 

with ethidium bromide. The positive control was examined for the presence of sharp bands at 402 bp Samples were 

compared with controls (Jaeger et al.,2000). 

 

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:-  
The results of the study showed that for patients group a total of 50 samples from immunocompromised patients 

with haematological malignancies suspected for having bactereamia (Febrile neutropenic patients) were taken for 

automated continuously monitoring blood culture (Bact-Alert/60 system), 14 samples were found to be positive. As 

regard AML cases (G1 subgroup), 8 cases showed bacterial growth and 2 cases showed growth as candida. As 

regard ALL cases (G2 subgroup), 3 cases showed bacterial growth .As regard NHL cases (G3 subgroup), 1 case 

showed bacterial growth .There was non significant difference between different types of haematological 
malignancies and occurrence of bacterial or candida infection diagnosed by Bact-Alert system. Control group didn`t 

show any positive samples by bact-Alert system. Further identification is done by Vitek MS system that reveals that 

12 samples showed bacterial growth (6 gram positive isolates and 6 gram negative isolates) and 2 samples showing 

growth for candida. Samples showing bacterial growth ( 2 Staphylococcus hominis,1 Staphylococcus epidermidis, 2 

Staphylococcus aureus , 1 Enterococcus fecalis , 2 Klebsiella pneumonia, 1 E. coli,1 Serratia marcescens, 1 

Enterobacter cloaca , 1 Pseudomonas aeruginosa ) while samples showing growth for candida ( 1 Candida albicans 

, 1 Candida tropicalis). The universal broad range bacterial PCR was performed, for patients group, 15 samples 

were found to be positive. As regard AML cases (G1 subgroup), 10 cases found to be positive. As regard ALL cases 

(G2 subgroup), 4 cases found to be positive. As regard NHL cases (G3 subgroup), 1 case found to be positive. There 
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was non significant difference between different types of haematological malignancies and occurrence of bacterial 

infection diagnosed by universal broad range bacterial PCR . For Control group, No positive samples were detected 

.To identify bacterial isolate, Genus-Specific multiplex PCR was performed on these 15 isolates, Specific multiplex 

PCR was planned for identification of four common genera of bacteria famous for blood stream infection (Staph 

spp., Enterococcus spp., Enterobacteriacea and Pseudomonas spp.) All of the 15 isolates showed amplification by 

specific multiplex PCR (8 Enterobacteriacea, 3 Staphylococcus species, 3 Pseudomonas species and 1 Enterococcus 
species) . Of the 12 BC-positive patients for bacteria, 10 were also universal broad range PCR positive and specific 

multiplex PCR positive with complete matching between identification done by specific multiplex PCR and Vitek 

MS following automated blood culture.  The two samples that were positive by BC but negative by PCR were 

Staphylococcus hominis and Staphylococcus aureus, moreover, the five samples that were positive by PCR but 

negative by BC included two PCR positive with pseudomonas spp. and three with Enterobacteriaceae. There was a 

high degree of concordance between automated blood culture and universal broad range 16s PCR technique which 

was 86% in both positive and negative results.  

 

Candida specific nested PCR was performed, For patients group, 7 samples were found to be positive.  The two 

samples that were positive by automated blood culture were also positive by Candida specific nested PCR, 

Moreover 5 new samples were positive by PCR and negative by blood culture. as regard AML patients (G1 

subgroup) 6 cases found to be positive. as regard ALL patients (G2 subgroup) 1 case found to be positive. as regard  
NHL patients (G3 subgroup) no proved positive case.  There was non significant difference between different types 

of haematological malignancies and occurrence of candida infection diagnosed by Candida specific nested PCR. For 

Control group, No positive samples were detected .There was high degree of concordance between automated blood 

culture and candida specific PCR technique which was 90% in both positive and negative results.  

 

Evaluation of the molecular techniques:- 

For (universal broad range PCR followed by genus- specific multiplex PCR)  Sensitivity ,specificity ,predictive 

values of positive and negative and accuracy are measured compared to blood culture (The gold standard for 

diagnosis of blood stream infection). Sensitivty of 83.3% ,specificity of 86.8%, Positive predictive value of 66.7%  

, Negative predictive value of 94.3%and  accuracy of 86.0% .Correlation with the gold standard (Blood culture) 

shows high degree of agreement between the two methods (Kappa agreement 0.64 ± 0.13   p < 0.001)  (Table 1). 

 

For Candida specific nested PCR Detection of sensitivity ,specificity ,negative and positive predictive values and 

accuracy compared with the gold standard technique (Blood culture) Sensitivity of 100% ,specificity of 89.6%, 

Positive predictive value of 28.6%  , Negative predictive value of 100%and  accuracy of 90%. It was found that 

sensitivity and negative predictive values was excellent 100% in both of them. This makes the test as good negative 

and can be used to roll out of infections. Correlation with the gold standard (Blood culture) shows high degree of 

agreement between the two methods (Kappa agreement  0.407 ± 0.11 , p value < 0.001). (Table 2). 

 

The turnaround times of blood cultures versus PCR were compared. Molecular techniques show shorter turnaround 

time than automated blood culture which is critical especially for cases with febrile neutropenia but they lack reports 

for antimicrobial sensitivity (Table 3). 

 

Discussion:- 
Management of febrile neutropenia in hematological patients undergoing intensive chemotherapy is important, 

because bacterial or fungal infections during prolonged neutropenia are major causes of morbidity and mortality in 

these patients, Those infections can rapidly become life-threatening if not treated appropriately and 

promptly(Phillips et al.,2016). The time window for the administration of an appropriate therapy is less than 6 hours 

once the symptoms are recognized. Inadequate antimicrobial therapy increases the risk of mortality , Every hour of 
delay in initiation of appropriate antimicrobial therapy increases the mortality by 7.6% in patients with septic shock. 

(Jordana-Lluch et al., 2014). 

 

The current gold standard for the detection of microbial pathogens in blood is blood culture(Kirn and Weinstein, 

2013).Yet,  the  diagnosis  of  bloodstream  infection (BSIs) in neutropenic patients remains challenging, because    

all blood culture systems suffer from several limitations, such as lack of rapidity and low sensitivity, especially when 

the patient has already received antibiotics and when fastidious micro-organisms are involved(Dark et al., 2009). 

This conventional laboratory method has a low pre-test probability in certain clinical settings, and is impaired by the 

delay in the time to result,   In order to increase the speed of diagnosis, to improve sensitivity and the clinical benefit 



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 4(8), 2192-2202 

2197 
 

of detection of pathogens in the blood, new methods have been developed. Molecular techniques for detection of 

bacterial and fungal DNA have been implemented aiming for shortening the time to pathogen identification and 

allowing for detection of organisms missed by blood culture, molecular methods may contribute to the reduction of 

hospitalization and ICU stay, as well as decreases in mortality(Liesenfeld et al.,2014)  

 

In the present study, Of  50 samples taken from patients with febrile neutropenia pathogenic bacterium was detected 
in the blood culture of 24% of the cases which is in the positivity range  of many other different studies done on 

haematological malignancy patients complaining of febrile neutropenia (Lamoth et 2010 ; Gedik et al.,2014). On the 

other hand other studies shows higher positivity rate (Von Lilienfeld-Toal et al.,2009;Lakshmaih et al.,2015)  and 

others show lower positivity rates(Teranishi and Ouchi , 2014) .These differences in positivity of blood culture 

result may be attributed to differences in blood volume withdrawn, blood culture techniques and exposure to 

antimicrobials(Draz et al.,2013). with universal broad range PCR, the detection of bacteria was 30% This 

improvement in bacterial detection by using PCR goes in accordance with different studies( Wellinghousen et al. 

2009;Teranishi and ouchi 2014; Arabestani et al. 2014). 

 

Five patients tested positive for PCR but had negative blood cultures. These may be interpretated by detection of 

non viable organism(Rothman et al.,2002) or PCR reagents contamination with microbial DNA (Muhl et al.,2010).  

 
In 2 of 12 BC-positive patients, the PCR results were negative. This may have been caused by 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 (Rothman et al.,2002). Presence of two cases diagnosed only 

by culture and missed by the molecular technique makes the interpretation of results of these techniques should be 

done cautiously and hand-in-hand with blood culture which must associates these techniques and can`t be replaced 

by them. 

 

For evaluation of universal broad range PCR and genus-specific multiplex PCR  assays against blood culture, 

regarded as the gold standard, showed a sensitivity of 83.3%, specificity of 86.8%, positive predictive value of 

66.7%, negative predictive value of 94.3%, and accuracy of 86.0% respectively moreover the results obtained by the 

molecular technique correlated well with those obtained by blood culture(Kappa coeffient 0.64±0.13  p<0.001). 
These values are similar to those found in other studies using conventional or automated PCR techniques (arabestani 

et al.,2014;wellinghousen et al.,2009) which their results correlated well with the gold standard (Blood culture).  

 

In the current study, Automated blood culture for Candida were positive in only 2 samples out of  the 50 tested 

samples for febrile neutropenic patients with haematological malignancies  (4%). While by using PCR technique, 

Candida spp. were detected in 7 samples (14%) .Similar findings were reported by (Badiee et al., 2009)  as out of 

194 patients with hematological malignancies, 25 were PCR positive for Candida spp. (12.9%).Higher rate of 

Candida infection reported by (Morace et al. 1999) who recorded 31 positive samples for Candida by PCR 

technique out of 72 patients with hematological malignancies complaining from febrile neutropenia (43%) and only 

four of them were also positive by blood culture (5.5%).On the other hand; lower rate of Candida infection among 

patients with haematological malignancies recorded by Sabeeh et al. (2013) who recorded only 3 cases out of 60 

leukemic patients were positive by Candida specific PCR (5%) with only one of them was also positive by blood 
culture technique (1.6%). 

 

For evaluation of candida specific nested PCR assay against blood culture, regarded as the gold standard, showed a 

The specificity was 89.6% and the sensitivity 100%, Positive predictive value 28.6% and negative predictive value 

100% ,Accuracy 90% respectively, moreover the results obtained by the molecular technique correlated well with 

those obtained by blood culture (Kappa coeffient 0.407±0.11  p<0.001). These values are similar to those found in 

other studies (Çerikçiogˇlu etal.,2010; sabeeh et al.,2013)which their results correlated well with the gold standard 

(Blood culture).   

 

Timely rapid identification of the causative pathogens is important for adequate antimicrobial therapy especially for 

febrile neutropenic patients that show increased mortality with retarded diagnosis(Jordana-Lluch etal.,2014). The 
studied PCR techniques showed shorter turnaround time than that for automated blood culture which considered a 

strong additive for management of these cases . But lack of antimicrobial sensitivity reports makes culture usually 

necessary. 
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Conclusion:- 
In summary, universal broad range, Genus specific and Candida specific nested PCR assays are promising method 

that can be used in the rapid identification of bloodstream infections especially in immunocompromised patients 

with haematological malignancies, offering the possibility of identifying more positive cases that may be missed by 

conventional culture methods. and to rule out infection. But these techniques must be interpreted cautiously and 

hand-in-hand with blood culture which must associates these techniques and can`t be replaced by them. Also 

laborious steps (2 sets of PCR reaction) may hinder widespread application of these techniques.  

 

Table 1:- The relation between broad range PCR and blood culture.  

Universal Broad range 

PCR 

Automated blood Culture Total Sensitivity 83.3% Kappa 

coeffient 

0.64±0.13 
Negative Positive 

   -ve   Count 33 2 35 Specificity 86.8% 

% of total 66.0 4.0 70.0 Positive 

predictive value 

66.7% 

  +ve    Count 5 10 15 Negative 

predictive value 

94.3% P<0.001 

% of total 10.0 20.0 30.0 Accuracy 86.0% 

 Total    Count 38 12 50 

% of total 76.0 24.0 100.0 

 

Table 2:- The relation between Candida specific PCR and blood culture.  

Candida  specific   

PCR 

Automated blood Culture Total Sensitivity 100.0 Kappa 

coeffient 

0.407±0.11 
Negative Positive 

  -ve Count 43 0 43 Specificity 89.6 

% of total 86.0 0.0 86.0 Positive 
predictive value 

28.6 

   +ve Count 5 2 7 Negative 

predictive value 

100.0 P<0.001 

% of total 10.0 4.0 14.0 Accuracy 90.0 

  Total Count 48 2 50 

% of total 

 

96.0 4.0 100.0 

 

Table 3:- The comparison between turnaround times of blood cultures versus PCR. 

Test Turnarroud time 

Automated bloodculture (Negative cases) 7 days 

Automated bloodculture (Positive cases) 2-4 days 

Broad range 16s PCR 4 hours 

Genus-specific multiplex PCR 5 hours 

Candida specific nested PCR 8 hours 
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Figure 1:-  Agarose gel electrophoresis indicating the presence of broad range 16S rRNA gene (1500 bp). 

1. Lane M: molecular size marker. 

2. Lane 1: Positive control showing positive band at 1500 bp. 

3. Lane 2: Negative control. 

4. Lanes 3, 6, 9, 12: correspond to the positive bacterial DNA yield. 

 
Lanes  4, 5 , 7, 8, 10, 11, 13 & 14: correspond to the negative bacterial DNA yield 

 

 
Figure 2:-  Agarose gel electrophoresis following Genus- Specific multiplex PCR 

 

Lane M: molecular size Ladder marker. 

Lane 1: Positive control showing four bands at 115 bp for enterococcus species , 215 bp for pseudomonas species , 

257 bp for staphylococcus species and 428 bp for enterobacteriacea . 

Lane 2: Negative control. 
Lanes 4, 6, 8, 10: correspond to the positive bands for enterobacteriacea. 

Lanes 3, 7: correspond to the positive bands for pseudomonas species. 

Lanes 5: correspond to the positive band for staphylococcus species. 

Lanes 9: correspond to the positive band for Enterococcus species. 
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Figure 3:- Agarose gel electrophoresis indicating the presence of Candida specific gene (402 bp). Lane M: 

molecular size marker. 

 Lane 1: positive control; Lane 2: Negative control; Lanes 6 & 14: correspond to the positive candida DNA yield; 

Lanes 3, 4, 5, 7, 8, 9, 10, 11 12, 13 & 15: correspond to the negative Candida DNA yield. 
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