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OBJECTIVES: Nosocomial infections are a prevalent cause of death and com-
plications in critically ill children. Conventional cultures are able to detect only up 
to 25% of bacteremia. Several studies have suggested that molecular tests could 
be a faster and effective tool for detection of bacterial infections. The objective 
of this study is to compare molecular tests for bacterial detection in whole blood 
samples, with routine blood culture for the diagnosis of nosocomial bloodstream 
infections (BSIs).

DESIGN: Prospective cohort study.

SETTING: A PICU of a tertiary center, reference for congenital heart diseases.

PATIENTS: Children, 0–16 years, admitted to PICU between August 2016 and 
December 2019 after cardiac surgery were prospectively recruited. Demographic, 
clinical, laboratory, and microbiologic data from patient’s medical records, and 
laboratory and microbiologic results were collected.

INTERVENTIONS: In all patients, blood culture and multiple polymerase 
chain reaction (PCR) for bacterial detection in a whole blood sample were 
performed.

MEASUREMENTS AND MAIN RESULTS: Fifty-seven cases (patients with 
suspected infection) and 36 controls (patients with no suspected infection) 
were recruited during this period; 51.6% were female. Median age was 6 
months (interquartile range [IQR], 0–13 mo), and median weight was 5 kg 
(IQR, 3.5–9.5 kg).

From the cases, 33% (19/57) had a confirmed BSI with positive blood culture; 
52% were Gram-negative bacilli, and 48% were Gram-positive cocci. Thirty-three 
percentage (19/57) had a positive PCR with only a 26% (five cases) of concord-
ance between PCR result and blood culture (three bacteremias for Klebsiella 
pneumoniae, one for Serratia marcescens, and one for Pseudomonas).

CONCLUSIONS: Multiple PCRs in whole blood samples did not appear to be 
more sensitive than blood cultures in this series. Better concordance was found 
with Gram-negative microorganisms.
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multiple polymerase chain reaction; pediatric intensive care unit

Healthcare-associated infections are a major cause of morbidity and 
mortality in PICUs, and bloodstream infection (BSI) is the most fre-
quent infection in this group of patients (1). BSI specially affects the 

outcome of children undergoing cardiac surgery, increasing complications and 
mortality (2). For this reason, it is important to improve BSI diagnosis. Blood 
culture is still the gold standard for bacteremia detection, but results are slow 
and usually detect less than half of cases with clinical and analytical signs of in-
vasive bacterial infection (3, 4).
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Several studies have suggested that molecular tests 
could be a faster and more effective tool for detection 
of bacterial infections (5, 6). In this study, we focus on 
multiplex polymerase chain reaction (Multiplex PCR). 
It refers to the use of polymerase chain reaction (PCR) 
to amplify different regions of the bacterial 16S ribo-
somal ribonucleic acid (rRNA) simultaneously. Some 
authors have described that multiple PCR is especially 
useful for patients where systemic antibiotics have 
been started before blood samples collection (7–9). 
To detect bacteremia, performing a multiple PCR in 
blood culture sample that is already growing or in a 
whole blood sample is possible. In some studies, mul-
tiple PCR performed directly in whole blood samples 
has shown good correlation with blood cultures and 
higher sensitivity for bacteremia detection (7, 10, 11),  
and this method would be faster than waiting for some 
growth in the blood culture sample (12).

This methodology is innovative and exploratory. 
Considering the limitations of blood cultures, it is im-
perative to seek new technologies that implement early 
detection of causative agents to improve early-targeted 
treatment strategies.

The objective of this study is to evaluate molecular 
tests for bacterial detection in whole blood samples, 
testing correlation with conventional blood cultures 
(gold standard) in diagnosis of nosocomial BSIs, and 
to evaluate differences in the results in patients with 
systemic antibiotics prescription.

MATERIALS AND METHODS

Patients, 0–16 years old, admitted to PICU between 
August 2016 and December 2019 after cardiac surgery 
with cardiopulmonary bypass (CPB) were prospec-
tively recruited.

Those with suspected infection were considered 
cases, and those without suspected infection were con-
sidered controls.

Local PICU has a rate of proved postoperative bac-
teremia of 4–7%, and a total of 80–100 cardiac surgery-
bypass procedures are performed every year.

To recruit cases, in patients admitted to PICU 
after cardiac surgery for more than 48 hours with 
clinical suspicion of BSI (fever, clinical, or laboratory 
signs of infection), a whole blood sample was col-
lected aseptically through a previously inserted cath-
eter (arterial line and central venous line). Samples 

were processed for blood culture (BD BACTEC Peds 
Plus/F Medium; BD Biosciences, San Jose, CA) and 
multiple bacterial PCR designed ad hoc. In addition, 
urine culture, endotracheal tube secretions, and sur-
gical wound swab were collected in several cases. 
For controls, patients admitted to PICU after cardiac 
surgery for more than 48 hours, without suspected 
infection, were randomly selected.

Sample size was calculated based on proportions. 
Considering that blood cultures are positive in around 
20% of bacteremia and with the hypothesis that PCR 
would be positive in 35%, with 95% confidence level  
(α error 5%), 80% power (β error 20%), necessary 
sample size should be around 108 patients with sus-
pected infection. One control for every two cases was 
recruited to study the possibility of having false posi-
tives with molecular methods.

Once a case or control was selected, a blood sample 
for conventional blood culture (1 mL in BACTEC Peds 
PLUS/F) and a whole blood sample for multiple PCR 
detection (1 mL in EDTA tube) were collected. The 
sample for blood culture was sent and incubated for 
7 days at local microbiology unit, and the blood sam-
ples for multiple PCR detection were stored in a local 
freezer (–20°C) for posterior shipping and analysis in 
a specialized rapid molecular diagnosis laboratory in 
London (Micropathology, London, United Kingdom).

Specific manual extraction process (including pro-
tease, lysozyme, and lysostaphin) to lyse bacteria and 
minimize the effects of inhibitors and contaminat-
ing DNA was performed. An in-house assay to am-
plify a short, conserved region of the 16S rRNA gene 
was used. Any product amplified from the unknown 
sample was sequenced and compared with known 
sequences available in Genbank (Bethesda, MD) (13), 
usually using the basic local alignment search tool tool 
(14). The following bacterial pathogens, the most fre-
quent causing bacteremia in PICU, were selected for 
multiple PCR analysis: coagulase negative staphylo-
coccus (CoNS) Enterococcus faecalis, Staphylococcus 
aureus, Streptococcus viridans, Serratia marcescens, 
Klebsiella pneumoniae/oxytoca, Pseudomonas aeru-
ginosa, Stenotrophomonas maltophilia, Acinetobacter 
baumannii, Escherichia coli, and Enterobacter cloacae. 
PCR results were analyzed blinded for blood culture 
results. A sample was regarded as negative when it 
was noninhibited, and all pathogen PCRs were neg-
ative. The sample was considered noninhibited when 
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the quantification cycle value of the extraction and 
amplification control (EAC) signal of the sample was 
within ± 2 sd of the EAC signal in the negative control 
samples.

Demographic, clinical, laboratory, and microbio-
logic data from patient’s medical records and labora-
tory and microbiologic results were collected.

All the procedures developed in this study followed 
the ethical standards on human experimentation of our 
clinical research ethics committee and the standards of 
Helsinki Declaration of 1975. This study received the 
approval of the 12 de Octubre Hospital’s clinical re-
search ethics committee (number 16/362). Written in-
formed consent was presented and signed by parents.

IBM SPSS Statistics Version 22.0 software (IBM, 
Armonk, NY) was used in statistical analyses. All 
continuous variables were expressed as mean ± sd or 
median (interquartile range [IQR]). Comparison of 
groups was performed using Student t test for contin-
uous variables and the chi-square test or Fisher exact 
test for categorical variables.

RESULTS

Fifty-seven cases (patients with suspected infection) and 
36 controls (patients with no suspected infection) were 
recruited during this period; 51.6% were female. Median 
age was 6 months (IQR, 0–13 mo), and median weight 
was 5 kg (IQR, 3.5–9.5 kg). Twenty-seven percentage 
(25/93) had some comorbidities (neurologic or respira-
tory more frequently). For surgical complexity, the mean 
risk adjustment for congenital heart surgery score was 

3.3 (sd, ±1.2). Median CPB time was 157 minutes (IQR, 
122–217 min). No differences according demographic or 
clinical features were found between cases and controls, 
except in CPB time (Table 1).

For cases, median time of mechanical ventilation 
was 5 days (IQR, 210 d) and time of central line in-
sertion until suspected infection 8 days (IQR, 3–19 d).  
The median time when blood culture was drawn was 
7 days after surgery (IQR, 3–14 d). The median length 
of PICU stay was 27 days (IQR, 11–45 d) and of hos-
pitalization was 41 days (IQR, 24–75 d). The mortality 
rate was 12% (5/57 patients), with no mortality among 
controls (p = 0.045).

Thirty-three percentage (19/57) had a confirmed BSI 
with positive blood culture (four K. pneumoniae, three 
S. marcescens, two A. baumannii, one P. aeruginosa, six 
CoNS, two Streptococcus viridians, and one S. aureus). 
Fifty-two percentage (10) were Gram-negative bacilli 
(GNB), and 48% (9) were Gram-positive cocci (GPC).

Thirty-three percentage (19/57) had a positive 
PCR (three K. pneumoniae, one S. marcescens, two S. 
maltophilia, two P. aeruginosa, three A. baumannii, 
two Enterobacter, one E. coli, four CoNS, and one E. 
faecalis). Seventy-three percentage (14) were GNB, 
and 27% (5) were GPC.

Among the 19 microorganisms identified by multiple 
PCR, only five (26%) could be confirmed by blood cul-
ture (three bacteremias for K. pneumoniae, one for S. 
marcescens, and one for Pseudomonas) (Tables 2 and 3).

Sensitivity of multiple PCR compared with blood 
culture was 26.4% (5/19), and specificity was 76% 
(29/38).

Both tests were negative in 29 (51%), any positive 
result was found in 28 (49%), including five cases 
(8.5%) where both tests were positive. The blood 
culture and multiple PCR results agreed in 34 of 57 
cases (60%) (Table 4). 

TABLE 1. 
Comparison Between Cases and Controls

Demographic and  
Clinical Variables Cases Controls p

Total number 57 36  

Sex (female/male) 56% 44% 0.27

Mean age (mo) 27 25 0.88

Mean weight (kg) 6 3.8 0.81

Comorbidities 30% 22% 0.41

Surgical complexity (median risk 
adjustment for congenital 
heart surgery 1 score 1–6)

3 3.1 0.82

Cardiopulmonary bypass  
time (min)

206 151 0.028

TABLE 2. 
Blood Cultures and Multiple Polymerase 
Chain Reaction Results

Test Results Cases (% of 57) Controls (% of 36)

BC+/PCR+ 10 (17.5) 1 (2.7)

BC+/PCR− 9 (15.7) 1 (2.7)

BC−/PCR+ 9 (15.7) 7 (20)

BC−/PCR− 29 (51) 27 (75)

BC = blood culture, PCR = polymerase chain reaction.
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From 57 cases, 26 patients were receiving systemic 
antibiotics when samples for blood culture and for 
multiple PCR were collected. Nine patients (34.6%) 
had positive blood culture, and nine patients (34.6%) 
had positive PCR. The microorganism was the same in 
three cases (33%) (all gram negatives).

We analyzed different outcomes (time of mechan-
ical ventilation, time of central line insertion, length 
of PICU stay and hospitalization, and mortality) be-
tween cases with positive and negative test results 
(blood culture or PCR), finding no differences be-
tween the groups.

From controls, there were two positive blood cul-
tures (5.5%) (one CoNS and one S. viridans) con-
sidered contaminated, and there were eight positive 
PCR (22.2%) (five Enterobacter, one Pseudomonas, 
one Acinetobacter, and one E. faecalis), all considered 
contaminated.

DISCUSSION

In this study, we decided to perform a sequential mul-
tiple PCR in whole blood samples because this tech-
nique had shown good results in previous reports. We 
focused on the diagnosis of BSIs after cardiac surgery, 
because our unit is a reference PICU for these patients, 
that are prone to suffer bacteremia, and there are no 
previous studies that evaluate molecular tests com-
pared with blood cultures in children after cardiac 
surgery.

Given the limited results of blood cultures, espe-
cially in pediatric patients, where blood samples are 
scarce, it is essential to find new strategies for the early 
diagnosis of the causative bacteria. The novel approach 
using multiple PCR attempts to improve the standard 
methodology of simply relying on the results of blood 
culture, which often are time-consuming and may re-
sult in falsely negative.

Both tests, blood culture, and multiple PCR detected 
a high percentage of Gram-negative organisms (52% by 
blood culture and 74% by multiple PCR). These results 
are similar to other published reports. Abou Elella et 
al (2) described 67% of BSI caused by GNB (mainly 
Pseudomonas and Enterobacter). In addition, Murray 
et al (15) reported 48% of BSI caused by GNB (mainly 
Klebsiella). These findings could be explained because 
risk factors for Gram-negative organisms are common 
in pediatric cardiac surgery and may also be due to the 
common practice of using prophylactic postoperative 

TABLE 3. 
Distribution of Detected Microorganisms in Cases

Microorganisms Total+ BC+ PCR+ BC+/PCR+ BC+/PCR− BC−/PCR+

Staphylococcus aureus 1 1 0 0 1 0

Streptococcus viridans 2 2 0 0 2 0

Coagulase negative staphylococcus 10 6 4 0 6 4

Enterococcus faecalis 1 0 1 0 0 1

Klebsiella pneumoniae 4 4 3 3 1 0

Serratia marcescens 3 3 1 1 2 0

Acinetobacter baumannii 5 2 3 0 2 3

Pseudomonas aeruginosa 2 1 2 1 0 1

Stenotrophomonas maltophilia 2 0 2 0 0 2

Enterobacter cloacae 2 0 2 0 0 2

Escherichia coli 1 0 1 0 0 1

Total 33 19 19 5 8 14

BC = blood culture, PCR = polymerase chain reaction.

TABLE 4. 
Polymerase Chain Reaction Compared 
With Blood Culture

Test Results Blood Culture Total

Polymerase chain reaction + −  

+ 5 9 14

− 14 29 43

Total 19 38 57
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antibiotics that cover primarily Gram-positive organ-
isms (16).

In our series, blood culture was positive in 33% of 
patients (19/57) with suspected infection, a higher 
percentage than previously reported in other studies, 
ranging between 15% and 25% (3, 4, 7). Multiple PCR 
was positive also in 19 cases, but with low concord-
ance in results: only a small percentage (5/19, 26%) 
of microorganisms identified by multiple PCR could 
be confirmed by blood culture. These results are sim-
ilar to the ones described by Pilarczyk et al (17). They 
performed SeptiFast (Roche, Rotkreuz, Switzerland) 
(multiple PCR performed in whole blood samples) 
and blood cultures in suspected BSIs after cardiotho-
racic surgery in adult patients and did not find differ-
ences in percentage of positive SeptiFast tests (14.7%) 
compared with positive blood cultures (17.2%). In 
addition, only 23.4% of microorganisms identified by 
SeptiFast could be confirmed by blood culture.

All concordant results between multiple PCR and 
blood culture results were found with Gram-negative 
microorganisms. Pilarczyk et al (17) pointed out in 
their study that multiple PCR applies for individuals 
with suspected Gram-negative BSI due to the low per-
formance in detecting Gram-positive pathogens.

We found that multiple PCR and blood culture 
results agreed in 60% (five positive culture cases and 29 
both negative tests). Previous studies obtained higher 
sensitivity for molecular tests and better concordance 
with blood cultures. The study done by Korber et al 
(7) described that SeptiFast and blood cultures results 
agreed in 85.5% cases, and SeptiFast detected 81.7% 
of relevant microorganisms identified compared with 
52.5% detected by blood cultures. Overall, SeptiFast 
was positive in 26.6% and blood culture in 15.1%. In 
other study by Denina et al (10) performed in cases of 
BSIs in oncohematological patients, they described that 
Magicplex Sepsis Real-Time test (Seegene, Seoul, South 
Korea) (multiple PCR performed in whole blood sam-
ples) allowed a 143% increase in the diagnostic value of 
blood culture. Magicplex was positive in 36.6% of blood 
samples (55/150), considering significant pathogen in 
78% (43/55). Although from confirmed/suspected BSI, 
multiple PCR and blood culture results agreed in only 
12.2% of cases (11/90), more similar to our results.

Van den Brand et al (12) compared a multiplex PCR 
in whole blood samples with blood cultures performed 
in the cases of suspected sepsis in the neonatal intensive 

care, obtaining 58% (53/91) of positive PCR versus 66% 
(60/91) of positive blood cultures, yielding no significant 
difference in detection rate, as we found in our series. 
Nonetheless, they found a higher concordance between 
PCR and blood culture results (both agreed in 72% of 
cases, 66/91). They also highlighted that PCR results were 
available in 4 hours, faster than blood culture results.

Considering patients receiving systemic antibiot-
ics when samples for blood culture and multiple PCR 
were collected, the same proportion (34.6%) had pos-
itive blood culture and positive PCR. These results con-
trast with other previous reports. For example, in the 
study of Rampini et al (8), they described 56 patients with 
clinical and analytic signs of infection, all with negative 
cultures and 24 with a positive PCR (all with previous 
systemic antibiotics). In the report by Korber et al (7),  
they found that for treated patients, the number of positive 
PCRs with negative blood culture was significantly higher 
than the number of patients with negative PCR and pos-
itive blood cultures. In addition, the ratio of positive and 
negative PCR did not differ considerably between patients 
with or without antibiotics. In the study of Gies et al (9), 
patients with systemic inflammatory response syndrome 
under empiric antibiotic treatment had a 35% of multiple 
PCR (SeptiFast) positive tests compared with a 10% of 
positive blood cultures. They also found that patients with 
higher procalcitonin level were more likely to have a posi-
tive SeptiFast test and that patients with positive SeptiFast 
test had a significantly higher risk to be deceased on day 
30. We analyzed our data, and we did not find differences 
on procalcitonin levels or mortality rate between patients 
with positive and negative multiple PCRs.

CONCLUSIONS

Multiple PCR in whole blood samples failed to cor-
relate with blood cultures in this series, with lower 
agreement than other previous reports, and showed 
low sensitivity to detect positive blood cultures results. 
Systemic antibiotics administration did not modify 
results of both tests differently.

We think that these results may be consequence of 
a small sample of patients, as we could not manage to 
achieve the calculated sample size. Results also could 
have been affected by our choice of the bacterial for se-
quential PCR analysis instead of a previously validated 
multiple PCR for whole blood samples (like SeptiFast 
or Magicplex, having better results published).
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