
O R I G I N A L  R E S E A R C H

Utility of a Cell-Direct Polymerase Chain 
Reaction-Based Nucleic Acid Lateral Flow 
Immunoassay for Detection of Bacteria in 
Peripheral Blood Leukocytes of Suspected Sepsis 
Cases

Haruka Imai 1 

Yuji Watanabe 2 

Daishi Shimada 1 

Jun Suzuki1 

Shiro Endo 1 

Mitsuo Kaku1 

Masafumi Seki 1

1Division of Infectious Diseases and 
Infection Control, Tohoku Medical and 
Pharmaceutical University Hospital, 
Sendai City, Miyagi, Japan; 2Laboratory 
for Clinical Microbiology, Tohoku Medical 
and Pharmaceutical University Hospital, 
Sendai City, Miyagi, Japan 

Background: The detection of the pathogens in the blood is essential for the management of 
septic patients; however, conventional blood culture takes 2–3 days. Therefore, rapid and 
convenient methods may be useful to aid clinical decision-making.
Methods: Blood samples with sepsis clinically diagnosed in cases that fulfilled the diag-
nostic criteria were used and analyzed the utility of a novel bacterial nucleic acid identifica-
tion test using a cell-direct polymerase chain reaction (cdPCR)-based nucleic acid lateral 
flow immunoassay (NALFIA) which were named as “DiagnoSep” to detect representative 
bacteria in peripheral blood leukocytes in patients admitted to our hospital and compared the 
conventional blood culture results simultaneously taken from the patients.
Results: We analyzed the total 42 samples in the terms of this study and found 18 (42.8%) 
were positive on cdPCR-NALFIA, and 24 (57.1%) were positive on blood cultures. 
Although the positive rate was higher with blood cultures, 15 samples showed positive 
results from both blood cultures and cdPCR-NALFIA, and the identified bacteria agreed for 
10 samples. Of the 18 cdPCR-NALFIA-positive cases, the results for 8 samples differed 
from the results of blood cultures; four of them had an implanted pacemaker or prosthetic 
joint and were positive for Staphylococcus aureus or Staphylococcus epidermidis on cdPCR- 
NALFIA.
Conclusion: Blood culture tests are probably the gold standard in identifying causative 
organisms in sepsis, but the rapid results from cdPCR-NALFIA simultaneously used with 
blood culture may make it an important auxiliary diagnostic tool for identifying infecting 
organisms and lead to the improvement of mortality of the septic patients, because these 
combined results provide the wide information on the possible pathogens in early phase.
Keywords: bacteremia, blood culture, rapid diagnosis

Background
Identification of the infecting organism is essential for the diagnosis and treatment 
of infections, but detection rates from different kinds of culture samples are not 
necessarily good.1 Particularly in sepsis patients, the detection rate from blood 
cultures is reportedly around 10–50%, although the detection of bacteria by blood 
culture takes 2–3 days. The reasons for such low detection rates include transience 
of the bacteremia or the fact that antibiotics have already been started at the time 
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the sample is taken. Repeating two sets of blood cultures is 
always recommended, but various rapid tests that support 
the conventional culture methods have been devised.2

Recently, some novel pathogen-identifying systems 
based on genetic and proteomic methods, such as next- 
generation sequencing (NGS) and matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS), have been developed.3–5 These meth-
ods could detect the pathogenic bacteria and fungi appro-
priately without blood cultures, but the machines are 
sometimes very large and expensive. In addition, recent 
differential expression analysis of transcriptomic data 
enables genome-wide analysis of gene expression changes 
associated with biological conditions of interest, including 
sepsis, and reported gene signatures for sepsis mortality 
may facilitate the development of reliable diagnosis and 
prognosis biomarkers for sepsis and acute respiratory dis-
tress syndrome.6,7

One of these, a novel test to identify bacterial nucleic acid 
in peripheral blood leukocytes (DiagnoSep) using a cell 
direct polymerase chain reaction and nucleic acid lateral 
flow immunoassay (cdPCR-NALFIA) has been applied 
clinically (Fuso Pharmaceutical Industries, Osaka, Japan).8 

The combination of cell-direct PCR is a simple, rapid, and 
sensitive detection method for identifying seven bacterial 
species often isolated from blood cultures: Staphylococcus 
aureus (S aureus), Staphylococcus epidermidis 
(S epidermidis), Enterococcus faecalis (E faecalis), 
Escherichia coli (E coli), Klebsiella pneumoniae 
(K pneumoniae), Pseudomonas aeruginosa (P aeruginosa), 
and Enterobacter cloacae (E cloaca). The use of cdPCR- 
NALFIA makes it possible to detect the DNA of bacteria 
phagocytized by leukocytes. Furthermore, the assay can be 
directly applied to blood samples without cultivation, and 
results are obtained within 4–5 hours.

The present study compared the impact of this method, 
particularly in terms of the bacterial detection rate, with 
the results of blood cultures and local culture methods in 
patients with sepsis.

Methods
Samples
For the period from December 2015 to September 2018, 
peripheral blood samples were taken simultaneously with 
blood cultures in cases of suspected sepsis in patients 
admitted to our hospital, Tohoku Medical and 
Pharmaceutical University Hospital (650 beds, Sendai 

City, Miyagi, Japan). For blood cultures, a commercially 
available bacterial detection system (BacT/ALERT, 
bioMérieux, Kobe, Japan) was used.

At the same time, samples were taken from sites pre-
sumed to be locations of infection, and the results were 
compared. Sampling locations other than blood were spu-
tum in 6 cases, urine in 10 cases, feces in 2 cases, vaginal 
discharge in 1 case, synovial fluid in 1 case, and pleural 
fluid in 1 case (data not shown).

Sepsis was suspected according to the Sepsis-2 accord-
ing to the 2012 international definition and diagnostic 
criteria, and new international definition Sepsis-3 diagnos-
tic criteria published in 2016 were not used.2,9 The patients 
satisfied at least two of the following criteria: temperature 
≥38°C or <36°C; heart rate ≥90 bpm; respiratory rate ≥20 
bpm or PaCO2 <32 mmHg; white blood cell (WBC) count 
≥12,000/µL or <4000/µL; and immature granulocyte per-
centage >10%.

Ethics Approval and Consent to 
Participate
This study was approved by the Committee for Clinical 
Scientific Research of Tohoku Medical and 
Pharmaceutical University Hospital on July 08 and 
October 09, 2015 (Nos. ID2015-2-008 and ID2015- 
2-025, as Trial cdPCR-NALFIA for sepsis 1 and 2, respec-
tively: https://www.hosp.tohoku-mpu.ac.jp/department/ 
infection.html).

This study was conducted in accordance with the 
Declaration of Helsinki, and all patients provided written, 
informed consent for use of their blood specimens, 
although blood culture samples were specifically isolated 
as part of the routine hospital laboratory procedure.

Detection of Bacterial Nucleic Acid in 
Peripheral Blood Leukocytes
DiagnoSep (Fuso Pharmaceutical Industry, Osaka, Japan) 
uses cdPCR-NALFIA, which is named after the procedure 
in which a PCR test is performed with WBCs that have 
been dried and fixed in tubes. A basic scientific evaluation 
of this method was provided in our earlier paper.8 In brief, 
these comprise the following five steps: preparing WBCs 
from the blood of a patient, coating a PCR tube with 
WBCs, increasing the membrane permeability of WBCs 
and bacteria by enzyme/surfactant treatment, amplifying 
bacterial DNA in neutrophils through bacterial specie- 
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specific PCR, and evaluating the presence of PCR pro-
ducts using a nucleic acid lateral flow immunoassay.

cdPCR-NALFIA methods that can specifically detect 
each of the following seven bacterial species were applied: 
S. aureus, S. epidermidis, E. faecalis, E. coli, 
K. pneumoniae, P. aeruginosa, and E. cloacae. 
Thereafter, the presence of PCR products was evaluated 
using a bacterial species-specific nucleic acid lateral flow 
immunoassay for WBC samples. The results of the evalua-
tion were the same as those of electrophoresis. If bacterial 
species-specific PCR products are present, red bands will 
appear within 20 minutes after chromatography is per-
formed. The results are obtained within 4–5 hours from 
blood collection, although the conventional blood culture 
takes 2–3 days to identify the pathogenic bacteria.

Results
Patients
A total of 42 samples were taken from 28 men and 14 
women. The patients’ mean age was 74.8 years (range, 
30–101 years). The clinical diagnosis in all 42 cases was 
suspected sepsis, and examined the results of blood culture 
tests and local culture tests. The final diagnoses are listed 
in Table 1. At the time of sample collection from each 
patient, the mean peripheral blood leukocyte count was 
11,747/µL (range, 200–36,000/µL) (data not shown).

Positive Rates of cdPCR-NALFIA and 
Blood Cultures
Bacteria-positive rates in all patients are as follows: 
Eighteen samples (42.8%) were positive for bacteria on 
cdPCR-NALFIA, and 24 samples (57.1%) were positive 
on blood cultures. Fifteen samples (35.7%) were positive 
on both cdPCR-NALFIA and blood cultures, 3 samples 

(7.1%) were positive on cdPCR-NALFIA and negative on 
blood cultures, 9 samples (21.4%) were negative on 
cdPCR-NALFIA and positive on blood cultures, and 15 
samples (35.7%) were negative on both cdPCR-NALFIA 
and blood cultures.

Results for each of the sepsis cases (42 samples) are 
shown in Table 2. Looking at individual cases, agreement 
on bacterial species detected from both blood cultures and 
cdPCR-NALFIA was total 10 samples, and seen in 
Cases 8, 12, 23, 26, 27, 30, 31, 34, 36, and 42. The species 
were E. coli in 5 cases, S. aureus in 4 cases, and 
K. pneumoniae in one case.

Cases 21, 25, and 28 were positive for staphylococci 
(S. epidermidis, 1 case; S. aureus, 2 cases) on cdPCR- 
NALFIA, but positive for E. coli on blood cultures, show-
ing a discrepancy in the results between the two tests. 
Case 22 was positive for S. aureus on cdPCR-NALFIA, 
but positive for E. faecalis on blood cultures. Case 24 was 
positive for S. aureus on cdPCR-NALFIA, but positive for 
Candida albicans on blood cultures. In Cases 22 and 24, 
both patients had undergone pacemaker implantation in the 
past.

In Cases 1, 18, and 19, positive results were obtained 
on cdPCR-NALFIA, but no bacteria were detected on 
blood cultures. In Case 18, the patient had previously 
undergone pacemaker implantation, and in Case 19, the 
patient had undergone artificial joint replacement. Both 
patients were positive for S. epidermidis on cdPCR- 
NALFIA.

Positive bacteria on blood cultures from Cases 11, 13, 
14, 29, 32, 33, 37, and 41 were not detected on cdPCR- 
NALFIA in this study.

Discussion
Phagocytosis by neutrophils and macrophages plays an 
important role in the early defense responses of the body 
to infection, and innate immune responses are activated by 
factors such as the production of inflammatory cytokines 
and chemokines.2,9 Thus, there is a high likelihood that 
bacteria phagocytosed by neutrophils are pathogens that 
invoke an inflammatory response leading to sepsis.10 If 
these bacteria are detected and can be rapidly identified at 
the species level, such information would likely prove 
beneficial in deciding treatment strategies.3,11

The inflammatory biomarkers C-reactive protein (CRP) 
and procalcitonin (PCT) have been used in Japan with 
respect to SIRS/Sepsis, and these data also support the 
detection of infecting bacteria in blood.12,13 The recent 

Table 1 Patients’ Characteristics (n = 42)

Age: Average (Range) Years Old 74.8 (30–101)

Male/Female 28/14

Clinical/final diagnosis
Pneumonia 11

Urinary tract infections 10

Catheter related bloodstream infection 8
Biliary tract infections 7

Skin and soft tissue infection 2

Liver abscess 1
Pseudogout 1

Unknown 2
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Table 2 Clinical Background Characteristics and Microbiological Data of Each Patient

Patient # Age Range 
(Years Old)

Male/ 
Female

Underlying 
Diseases

Final 
Diagnosis

Antibiotics cdPCR-NALFIA Blood Culture

1 80- Male Prostate 

hypertrophy

Urinary Tract 

infections

TAZ/PIPC Enterococcus 

faecalis

ND

2 80- Male Parkinson 

diseases

Pneumonia MEPM ND ND

3 80- Male COPD, CHF Pneumonia CTRX ND ND

4 80- Male COPD Pneumonia CTM ND ND

5 80- Male Lung cancer Pneumonia TAZ/PIPC ND ND

6 60- Male COPD, Liver 

cirrhosis

Pneumonia TAZ/PIPC ND ND

7 60- Male Gastric cancer Pneumonia MEPM ND ND

8 80- Female RA Urinary Tract 

infections

TAZ/PIPC Escherichia coli Escherichia coli

9 80- Female OMI, Aneurysm Urinary Tract 

infections

DRPM, 

VCM

ND ND

10 60- Male Colon cancer CRBSI TAZ/PIPC, 

CEZ

ND Staphylococcus 

aureus

11 50 Male DM, OMI Biliary infection CPZ/SBT ND Klebsiella 

pneumoniae

12 100- Male None Urinary Tract 

infections

MEPM Escherichia coli Escherichia coli

13 80- Male CKD, DM Biliary tract 

infections

TAZ/PIPC ND Enterobacter 

cloacae

14 60- Male Malignant 

Lymphoma

Pneumonia PIPC ND Streptococcus 

pneumoniae

15 80- Female Brain infarction Urinary Tract 

infections

DRPM, 

VCM

ND ND

16 40- Male COPD Pneumonia ABPC/SBT ND ND

17 70- Male Af, Paralysis Pneumonia CTRX ND ND

18 90- Female CHF, Pacemaker Pneumonia TAZ/PIPC Staphylococcus 

epidermidis

ND

19 80- Female Post TKA Pseudo-gout CEZ Staphylococcus 

epidermidis

ND

20 80- Female AV block, 

Pacemaker

Pneumonia ABPC/SBT ND ND

21 70- Male CABG, Biliary 
cancer

Biliary tract 
infections

CPZ/SBT Staphylococcus 
epidermidis

Escherichia coli

22 60- Female Sarcoidosis, 
Pacemaker

CRBSI ABPC/SBT Staphylococcus 
aureus

Enterococcus 
faecalis

(Continued)
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Table 2 (Continued). 

Patient # Age Range 
(Years Old)

Male/ 
Female

Underlying 
Diseases

Final 
Diagnosis

Antibiotics cdPCR-NALFIA Blood Culture

23 70- Male Nephrotic 

syndrome

CRBSI TAZ/PIPC Staphylococcus 

aureus

Staphylococcus 

aureus

24 80- Female RA, Pacemaker CRBSI LVFX, 

MCFG

Staphylococcus 

aureus

Candida albicans

25 60- Female CKD, Brain 

infarction

Urinary Tract 

infections

CFPM Staphylococcus 

aureus

Escherichia coli

26 90- Female Af, CV port CRBSI CEZ Staphylococcus 

aureus

Staphylococcus 

aureus

27 60- Male Lung cancer, post 

THA

SSTI MEPM Staphylococcus 

aureus

Staphylococcus 

aureus

28 70- Male Biliary cancer Biliary tract 

infection

ABPC/SBT Staphylococcus 

aureus

Escherichia coli

29 60- Male Bladder cancer Urinary Tract 

infections

TAZ/PIPC ND Escherichia coli

30 60- Male DM, OMI Liver abscess MEPM Klebsiella 

pneumoniae

Klebsiella 

pneumoniae

31 90- Female Af, Pacemaker Biliary tract 

infections

CPZ/SBT Escherichia coli Escherichia coli

32 60- Male ASO CRBSI DAP ND Staphylococcus 

aureus

33 60- Male OMI, 
Neurological 

disease

CRBSI TAZ/PIPC, 
CEZ

ND Escherichia coli

34 70- Male DM Urinary Tract 

infections

MEPM Escherichia coli Escherichia coli

35 60- Male HT Unknown ABPC/SBT ND ND

36 60- Female CHF, Malignant 
lymphoma

Urinary Tract 
infections

TAZ/PIPC Escherichia coli Escherichia coli

37 70- Male Biliary cancer Biliary tract 
infections

TAZ/PIPC ND Klebsiella 
pneumoniae

38 30- Female Post delivery Urinary Tract 
infections

CMZ ND ND

39 60- Female Uterus cancer SSTI MEPM, 
VCM

ND ND

40 70- Male Biliary cancer Biliary tract 
infections

MEPM ND ND

41 70- Male Lung cancer Unknown None ND Staphylococcus 
epidermidis

(Continued)
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analysis data using the gene expression profile of periph-
eral blood cells obtained within 24 h of pediatric ICU 
showed eight out of twenty novel genetic markers 
(SDC4, CLEC5A, TCN1, MS4A3, HCAR3, OLAH, 
PLCB1, and NLRP1) that help predict sepsis severity or 
mortality,14 but blood cultures require 2–3 days and are 
therefore impractical as a rapid test.11,15

In the present study, bacterial detection rates by 
cdPCR-NALFIA were examined in patients with suspected 
sepsis. Shimada et al reported similar results using the 
previous PCR and in situ hybridization kit (PCR-ISH, 
named HybriSep; Fuso Pharmaceutical Industries, Osaka, 
Japan), and the PCR-based assay was reported to provide 
a significantly higher bacterial detection rate than blood 
cultures in sepsis patients within 12 hours,16 and in the 
results of the present study using DiagnoSep, the bacterial 
detection rate was higher with blood cultures. Blood cul-
ture tests remain the gold standard for identifying the 
causative organism in sepsis, but results from blood cul-
tures and cdPCR-NALFIA agreed in 10 patients in the 
present study, and the faster result of cdPCR-NALFIA 
may make this method important as an auxiliary diagnostic 
test for identifying infecting organisms. Furthermore, we 
previously reported that a rapid multiplex pathogen detec-
tion system (SeptiFast) complemented conventional cul-
ture-based methods.11 The results of DiagnoSep in this 
study were similar to these previous devices and also 
suggested some added diagnostic value for the timely 
detection of causative pathogens, particularly in antibiotic 
pre-treated patients.

Notable results were obtained in Cases 18, 19, 22, and 24. 
Case 18 was that of a patient with a pacemaker, and the final 
diagnosis was pneumonia caused by K. pneumoniae, but 
cdPCR-NALFIA showed positivity for S. epidermidis. 
Case 19 was that of a patient after artificial joint replacement, 
and the final diagnosis was pseudogout, but cdPCR-NALFIA 
showed positivity for S. epidermidis. Case 22 involved 

a pacemaker lead infection from E. faecalis, but cdPCR- 
NALFIA showed positivity for S. aureus, suggesting the 
possibility of superinfection. Case 24 was another case of 
pacemaker lead infection, and the possibility of superinfec-
tion was suggested from Candida albicans positivity on 
blood cultures and S. aureus positivity on cdPCR-NALFIA. 
The results of these 4 cases suggest the possibility that, even 
when a sample is positive on cdPCR-NALFIA, 
a comprehensive determination based on blood culture 
results and local culture results is needed to diagnose sepsis. 
The blood samples for blood culture and cdPCR-NALFIA 
were generally taken using one set of needle and syringe as 
we described in the method section, however, in some cases 
in emergency situations, blood samples for cultures and 
cdPCR-NALFIA might be taken from the different sites 
separately in the process of 2 set blood collections. The 3 
cases that were positive sample from cdPCR-NALFIA but 
negative in blood culture could be due to contamination 
because S. epidermidis and enterococcus are common con-
taminants. Further studies and reconfirmation of the results 
should be needed.

In 8 cases, samples were positive for bacteria only on 
blood cultures, even though the identified bacterial species 
were ones detectable by the cdPCR-NALFIA used, and 
Enterobacteriaceae were the causative bacteria in 6 of 
these cases. Whether the detection power of cdPCR- 
NALFIA for Enterobacteriaceae is inferior to blood cul-
tures based on this finding cannot be determined with 
certainty based on the small sample size. In fact, of the 
10 cases in which blood cultures and cdPCR-NALFIA 
agreed, Enterobacteriaceae were detected in 6 cases.

Being unaffected by antibiotics represents an advantage 
of cdPCR-NALFIA for detecting infecting organisms, and 
many sepsis patients were already receiving antibiotics when 
seen in this study, although confirmation of the utility of this 
advantage will require accumulation of a larger number of 
cases.1 cdPCR-NALFIA, like PCR-ISH, has a disadvantage 

Table 2 (Continued). 

Patient # Age Range 
(Years Old)

Male/ 
Female

Underlying 
Diseases

Final 
Diagnosis

Antibiotics cdPCR-NALFIA Blood Culture

42 80- Male DM CRBSI CEZ Staphylococcus 

aureus

Staphylococcus 

aureus

Abbreviations: Af, atrial fibrillation; ASO, arteriosclerosis obliterans; AV block, atrioventricular block; CABG, coronary artery bypass grafting; CHF, chronic heart failure; 
CKD, chronic kidney diseases; COPD, chronic obstructive pulmonary diseases; CRBSI, catheter-related blood stream infection; CV port, central venous port; DM, diabetes 
mellitus; HT, hypertension; OMI, old myocardial infarction; RA, rheumatoid arthritis; SSTI, skin and soft tissue infection; THA, total hip arthroplasty; TKA, total knee 
arthroplasty, and not detected, respectively. Antibiotic are follows: ABPC/SBT, ampicillin/sulbactam; CEZ, cefazolin; CMZ, cefmetazole; CPZ/SBT, cefoperazone/sulbactam; 
CTRX, ceftriaxone; DAP, daptomycin; MEPM, meropenem; TAZ/PIPC, tazobactam/piperacillin; VCM, vancomycin.
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in the limited number of bacterial species that can be identi-
fied, similar to the other PCR-based detection systems.15 

However, identifiable species limited to the 7 species detect-
able by this cdPCR-NALFIA were isolated with high fre-
quency on blood cultures. The present study included only 
one case of sepsis in which the pathogen was Candida 
albicans, which cannot be detected by this cdPCR-NALFIA.

Furthermore, compared with blood cultures, the rapid 
diagnosis with cdPCR-NALFIA, which takes only about 4– 
5 hours from the time of blood sample collection until 
results are obtained, is an advantage. However, we have 
some limitations in this study. At first, this is a single center 
study and samples size was small. The nominated terms 
were short period, such as only three years, and sepsis 
patients were suspected according to the former sepsis 2 
criteria, and sepsis-3 criteria were not used. These may 
affect the relative low sensitivity of cdPCR-NALFIA and 
small size of our study. Furthermore, we did not perform the 
repeat cultures, however, cdPCR-NALFIA might be more 
sensitive in the finding of bacteria in the blood using by 
repeated culture medium as the samples. Some refinement 
or modification to the assay may also be needed before it 
can be used in clinical setting. Uncertainties remain regard-
ing whether the use of cdPCR-NALFIA will lead to more 
optimal use of antibiotics, be applicable in clinical decision- 
making, and will contribute to improved infection treatment 
outcomes.1 Studies with larger amount of patients are 
needed and nationwide studies should be performed.

Conclusions
The utility of CDPCR-NALFIA was examined and its 
results were compared with those of the conventional 
blood culture method in suspected sepsis patients. 
Although the positive rate was slightly higher on blood 
cultures, the rapid results from cdPCR-NALFIA were appro-
priate and suggested that it will be a useful diagnostic tool 
for identifying and predicting infecting organisms in the 
clinical field, including emergency rooms and intensive 
care units. An additional advantage would represent that 
cdPCR-NALFIA may be unaffected by antibiotics. 
Simultaneous use of blood culture and cdPCR-NAFTALIA 
added some diagnostic value as an auxiliary diagnostic test 
for identifying infecting organisms, in particular to detect the 
DNA of bacteria phagocytized by leukocytes.
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