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Amplification of the universal 16S rRNA gene using PCR has improved the diagnostic yield of microbiological samples.
However, no data have been reported on the reliability of this technique with venous access ports (VAPs). We assessed the
utility of 16S rRNA PCR for the prediction of VAP-related bloodstream infection (VAP-RBSI). During a 2-year period, we
prospectively received all VAPs removed by interventional radiologists. PCR and conventional cultures were performed
using samples from the different VAP sites. We compared the results of PCR with those of conventional culture for pa-
tients with confirmed VAP-RBSI. We collected 219 VAPs from 219 patients. Conventional VAP culture revealed 15 epi-
sodes of VAP-RBSI. PCR revealed a further 4 episodes in patients undergoing antibiotic therapy which would have gone
undetected using conventional culture. Moreover, it had a negative predictive value of 97.8% for the prediction of VAP-
RBSI when it was performed using biofilm from the internal surface of the port. In conclusion, universal 16S rRNA PCR
performed with samples from the inside of VAPs proved to be a useful tool for the diagnosis of VAP-RBSI. It increased de-
tection of VAP-RBSI episodes by 21.1% in patients undergoing antibiotic therapy whose episodes would have gone unde-
tected using conventional culture. Therefore, we propose a new application of 16S rRNA PCR as a useful tool for the diag-
nosis of VAP-RBSI in patients receiving antibiotic therapy.

Confirmation of colonization of venous access ports (VAPs)
requires culture of both port reservoir contents and the cath-

eter tip (1). However, conventional culture of VAPs could prove
negative when antibiotic therapy is prescribed before catheter
withdrawal. Therefore, an episode of VAP-related bloodstream
infection (VAP-RBSI) might not be confirmed, as diagnosis re-
quires the isolation of the same microorganism in blood culture as
in the colonized VAP (2–4).

Molecular techniques overcome some of the limitations of
conventional culture under several clinical conditions (5–10).
Nevertheless, the role of molecular techniques in the diagnosis of
VAP-RBSI remains unclear, and available approaches have not
been extensively tested in the routine of a clinical microbiology
laboratory.

Our main objective was to assess the validity values of 16S
rRNA PCR to analyze VAPs from patients with confirmed VAP-
RBSI.

MATERIALS AND METHODS
Setting. Ours was a prospective study performed between July 2009 and
April 2011 at a large institution in Madrid, Spain.

We included all tunneled VAPs (Port-A-Caths) that were routinely
removed in the Department of Vascular Interventional Radiology, irre-
spective of the reason for withdrawal. We also included those devices with
suspicion of infection that were removed in surgery departments or emer-
gency rooms.

We excluded VAPs that were colonized exclusively by fungi.
Laboratory procedures. When the VAPs arrived at the microbiology

laboratory, we performed culture and broad-range real-time 16S rRNA
gene PCR followed by direct sequencing using port content aspirate be-
fore and after sonication, port sonication fluid, and biofilm from the
internal surface of the port (Fig. 1).

Port content aspirate before sonication was obtained by aspirating

all the liquid collected at the port with a 1-ml syringe. Port content
aspirate after sonication was obtained by instilling and aspirating sa-
line with a 1-ml syringe after sonication for 1 min (at 35,000 Hz and
125 W) and vortexing the whole port in 20 ml of sterile phosphate-
buffered saline (port sonication fluid) for 15 s. Biofilm was obtained by
opening the silicone membrane using a punch and rubbing a sterile
swab on the inside. The swab was then inoculated into sterile water.

Conventional culture. Samples from the different sites of VAPs were
cultured on Columbia blood agar and brucella blood agar with hemin and
vitamin K1 (Becton, Dickinson, Sparks, MD). The Columbia blood agar
plates were incubated aerobically for 48 h at 37°C, and the brucella blood
agar plates were incubated under anaerobic conditions for 5 days at 37°C.
The colonies recovered were counted.

The microorganisms recovered from cultures were identified by stan-
dard microbiological methods. Aerobic microorganisms were identified
using the automated MicroScan system with the POS Combo Panel Type
2S and NEG Combo Panel Type 1S (DADE Behring; Sacramento, CA),
and anaerobic microorganisms were identified using the API ID 32A (bio-
Mérieux, Marcy l’Etoile, France). Yeasts were identified using the API ID
32C (bioMérieux).

Molecular methods. DNA was extracted from the port sites men-
tioned above using a QIAamp DNA Minikit (Qiagen Ltd., West Sussex,
United Kingdom) according to the manufacturer’s recommendations. In
each run, a negative control with nuclease-free UV-treated water was
included every 10 test samples.
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The 16S rRNA gene was amplified using the methodology described by
Marín et al. (8). PCR results were considered valid if all the controls were
negative or positive, as appropriate, and the �-globin gene was detected in
all the samples.

DNA sequencing reactions. The first 500 bp of the 16S rRNA gene was
sequenced with primers fD1 and E533R (5=-TTACCGCGGCTGCTGGC
AC-3=) (11) in all the amplicons obtained using the BigDye Terminator
method and detected in an AbiPrism 3100 DNA sequencer (Applied Bio-

TABLE 1 Characteristics of the 219 patients with a venous access port during the study perioda

Characteristic

No. (%)

P valueTotal (n � 219) Non-VAP-RBSI (n � 204) VAP-RBSI (n � 15)

Age (yr), mean (SD) 54.5 (17.80) 54.26 (18.10) 54.08 (18.64) 0.970
Male sex 88 (40.2) 77 (37.7) 11 (73.3) 0.015

Underlying disease
Colorectal cancer 50 (22.8) 48 (23.5) 2 (13.3) 0.556
Breast cancer 48 (21.9) 47 (23.0) 1 (11.1) 0.248
Lymphoma 34 (15.5) 34 (16.7) 0 (0.0) 0.177
ENT cancer 14 (6.4) 10 (4.9) 4 (26.7) 0.006
Leukemia 13 (5.9) 11 (5.4) 2 (13.3) 0.490
Cervical cancer 12 (5.5) 12 (5.9) 0 (0.0) 0.705
Digestive tract cancer 8 (3.7) 5 (2.5) 3 (20.0) 0.005
Ovarian cancer 3 (1.4) 1 (0.5) 2 (13.3) 0.003
Fibroma 1 (0.5) 0 (0.0) 1 (6.7) 0.087
Other 36 (16.4) 36 (17.6) 0 (0.0) 0.156

Charlson comorbidity index, median (IQR)b 5 (2.00–7.00)
McCabe and Jackson score, median (IQR)b 3 (2–3)
Cumulative catheter days 136,356 125,198 11,158
Catheter days, median (IQR) 435 (212–902) 427 (214.50–896.50) 613 (172.00–1,020.00) 0.001
No. of times of catheter use, median (IQR) 20 (2–50) 20 (3.00–48.00) 25 (0.00–52.00) 0.054

Site of catheter insertion
Jugular vein 198 (90.4) 187 (91.7) 11 (73.3) 0.061
Subclavian vein 21 (9.6) 17 (8.3) 4 (26.7) 0.061

Time of blood draw for cultureb

Before catheter withdrawal 14 (93.3)
At the time of catheter withdrawal 0 (0.0)
After catheter withdrawal 1 (6.7)

Reason for catheter withdrawal
End of use 135 (61.6) 135 (66.2) 0 (0.0) <0.001
Suspicion of bloodstream infection 41 (18.7) 30 (14.7) 11 (73.3) <0.001
Suspicion of local infection 21 (9.6) 17 (8.3) 4 (26.7) 0.061
Obstruction-malfunction 15 (6.8) 15 (7.4) 0 (0.0) 0.577
Thrombosis 4 (1.8) 4 (2.0) 0 (0.0) 0.652
Other 3 (1.4) 3 (1.5) 0 (0.0) 0.498

Appearance of insertion site
Intact 190 (86.8) 186 (91.2) 4 (26.7) <0.001
Swollen 16 (7.3) 13 (6.4) 3 (20.0) 0.149
Ulcerated 10 (4.6) 4 (2.0) 6 (40.0) <0.001
Suppurative 3 (1.4) 1 (0.5) 2 (13.3) 0.003
DDDs, median (IQR)b 24 (17.80–70.00)

Total days of therapy, median (IQR)b 19 (14.00–28.00)
Antibiotic use before catheter withdrawalb 11 (73.3)
a Values are numbers with percentages in parentheses unless otherwise indicated. ENT, ear, nose, and throat; IQR, interquartile range; DDDs, defined daily doses. Boldface
indicates statistical significance (P � 0.05).
b Recorded only for patients with VAP-RBSI.

FIG 1 Laboratory procedures. PBS, sterile phosphate-buffered saline; CABS, port content aspirate before sonication; CAAS, port content aspirate after
sonication; PSF, port sonication fluid; ISB, port internal surface biofilm.

Guembe et al.

800 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


systems Inc.). The sequences generated were compared with those stored
in GenBank using BIBI software (http://pbil.univ-lyon1.fr/bibi). Se-
quence similarity was interpreted according to criteria reported elsewhere
(12).

Data analysis. We compared the validity values of the PCR results
with those of conventional culture from patients with confirmed VAP-
RBSI. We also compared PCR results with those of conventional VAP
culture in order to calculate the validity values of the PCR for prediction of
VAP colonization. The comparison was made using 2 different “gold stan-
dards” (routine and excellence) according to the incubation conditions of
the VAP cultures.

In the case of patients undergoing antibiotic therapy, analysis of the
PCR results was performed based only on those for whom therapy was
prescribed within 7 days before VAP withdrawal.

Definitions. (i) Positive PCR. We considered a PCR result to be pos-
itive when the microorganism identified had a percentage of similarity of
�99%, even when there were mixed sequences. All PCRs were performed
in parallel with culture and blind to culture results.

(ii) VAP colonization. VAP colonization was defined as a positive
quantitative culture (�100 CFU/ml) of port content aspirate before or
after sonication or of port sonication fluid and/or a positive qualitative
culture of biofilm (13).

(iii) Routine gold standard. For the routine gold standard, we used
VAP colonization considering only VAP cultures incubated under aerobic
conditions.

(iv) Excellence gold standard. For the excellence gold standard, we
used VAP colonization considering only VAP cultures incubated under
both aerobic and anaerobic conditions.

(v) VAP-RBSI. VAP-RBSI was defined as isolation of the same micro-
organism(s) both in the colonized VAP (by conventional culture) and in
at least 1 peripheral blood culture obtained 7 days before or after catheter
withdrawal (1).

Ethics. The study was approved by the institutional ethics committee.

RESULTS

During the study period, we collected 219 VAPs from 219 pa-
tients. Median indwelling time was 435 days (interquartile
range [IQR], 212 to 902 days). Colorectal cancer was the main
underlying disease (22.8%), followed by breast cancer (21.9%)
(Table 1). Most VAPs were removed because of end of use
(61.6%), followed by suspicion of bloodstream infection
(18.7%). Other patient and catheter characteristics are detailed
in Table 1.

VAP colonization. The overall VAP colonization rate by
conventional culture under aerobic plus anaerobic conditions
(excellence gold standard) was 37.9% (83/219); colonization
was polymicrobial in 27.7% (23/83) of the colonized VAPs. The
distribution of the isolated microorganisms was as follows:
Gram-positive bacteria, 85.6%; Gram-negative bacteria, 5.9%;
and yeasts, 8.5% (Table 2). The most common microorganism
was Propionibacterium acnes (40.7%), which was isolated from
48 patients and was mainly unaccompanied by aerobic micro-
organisms (37/48 [77.1%]). No blood cultures were performed
for the 37 patients with P. acnes as the only isolated microor-
ganism colonizing VAPs, since 94.6% had their VAPs removed
because of end of use. Of the remaining 11 patients in whom P.
acnes was isolated together with aerobic microorganisms,
40.5% had bacteremia, which was caused only by aerobic mi-
croorganisms.

In contrast, the overall VAP colonization rate by conventional
culture under aerobic conditions only (routine gold standard) was
21.0% (46/219), and the distribution of the isolated microorgan-

isms was as follows: Gram-positive bacteria, 74.6%; Gram-nega-
tive bacteria, 10.4%; and yeasts, 16.4%.

Validity of the 16S universal PCR for detection of VAP colo-
nization. PCR revealed that 29.7% (65/219) of VAPs were colo-
nized. In 45 cases (69.2%), PCR identified a single microorgan-
ism, and in the remaining 20 cases (30.8%), it detected mixed
sequences. Gram-positive microorganisms accounted for 82.2%
of the total and Gram-negative organisms for 17.8% (Table 2). Of
the 20 VAPs in which PCR detected mixed sequences, 14 (70.0%)
had negative cultures, 5 (20.0%) had positive cultures with a single
microorganism (4 with Propionibacterium acnes and 1 with Staph-
ylococcus epidermidis), and 1 (5.0%) had a positive culture with 3
microorganisms (S. epidermidis, Enterococcus faecalis, and Coryne-
bacterium amycolatum).

Compared to conventional culture, PCR with biofilm was
highly specific for the prediction of VAP colonization using either
the routine or the excellence gold standard (91.9% and 94.1%,
respectively) (Table 3).

VAP-RBSI episodes. We detected 15 episodes of VAP-RBSI
(incidence density, 0.11 episode/1,000 catheter days). The most
frequent causative microorganism was Staphylococcus aureus
(37.5%), followed by S. epidermidis (18.8%). The remaining mi-

TABLE 2 Microorganisms isolated in colonized venous access ports
detected by conventional culture and PCR

Microorganism(s)

No. (%) identified by:

Conventional
culture PCRa

Gram positive 101 (85.6) 37 (82.2)
Propionibacterium acnes 48 (40.7) 6 (13.3)
Staphylococcus epidermidis 24 (20.3) 19 (42.2)
Staphylococcus aureus 7 (5.9) 6 (13.3)
CoNSc 6 (5.1) 2 (4.4)
Enterococcus faecium 6 (5.1)
Enterococcus faecalis 3 (2.5) 1 (2.2)
Corynebacterium amycolatum 2 (1.7) 1 (2.2)
Corynebacterium spp. 1 (0.8) 1 (2.2)
Streptomyces spp. 1 (0.8)
Propionibacterium granulosum 1 (0.8)
Anaerobic cocci 1 (0.8)
Clostridium spp. 1 (0.8) 1 (2.2)

Gram negative 7 (5.9) 8 (17.8)
Enterobacter cloacae 2 (1.7) 2 (4.4)
Proteus mirabilis 1 (0.8) 1 (2.2)
Escherichia coli 1 (0.8) 1 (2.2)
Ochrobactrum anthropi 1 (0.8) 1 (2.2)
Serratia marcescens 1 (0.8) 1 (2.2)
Chryseobacterium indologenes 1 (0.8) 1 (2.2)
Pseudomonas aeruginosa 1 (2.2)

Fungib 10 (8.5)
Candida albicans 7 (5.9)
Candida glabrata 1 (0.8)
Candida dubliniensis 1 (0.8)
Rhodotorula mucilaginosa 1 (0.8)

Total 118 45
a We excluded from the table those PCR results with a mixed sequence.
b All fungi isolated in conventional cultures were accompanied by either Gram-positive
or Gram-negative bacteria.
c CoNS, coagulase-negative staphylococci.
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croorganisms were Enterococcus faecalis (6.3%), Enterococcus fae-
cium (6.3%), Enterobacter cloacae (6.3%), Escherichia coli (6.3%),
and Proteus mirabilis (6.3%). Only 1 polymicrobial VAP-RBSI
episode was detected (caused by Serratia marcescens and Candida
glabrata).

Compared to the remaining 204 patients with non-VAP-
RBSI, we found that patients with VAP-RBSI were predomi-
nantly men, had different underlying malignancies, had a long
indwelling period, and showed more clinical signs of infection
(Table 1).

Validity of 16S universal PCR for detection of VAP-RBSI.
The validity values of PCR performed at any site on the port for the
prediction of VAP-RBSI were as follows: sensitivity, 80.0%; spec-
ificity, 74.0%; positive predictive value, 18.5%; and negative pre-
dictive value, 98.1%. PCR performed on biofilm from the internal
surface had better validity values than PCR performed at the re-
maining port sites, as follows: sensitivity, 73.3%; specificity,
87.3%; positive predictive value, 29.7%; and negative predictive
value, 97.8% (Table 4).

Figure 2 shows the yield of PCR in bacteremic patients receiv-
ing systemic antibiotic therapy. PCR performed at any site on the
port identified the same microorganism as that isolated in blood
cultures for 4 (26.7%) of the 15 bacteremic patients whose VAP
cultures were negative and who were receiving antibiotic therapy
before VAP withdrawal, with no other source of infection con-
firmed. In other words, if we consider these episodes as confirmed
(according to the standard definition by conventional culture), we
would increase the number of detected VAP-RBSIs to 19. Hence,
the detection of VAP-RBSI would have been increased by broad-
range PCR by 21.1% (4/19) (Fig. 2). Moreover, in 3 of these epi-
sodes, the PCR of biofilm was always positive, whereas in the re-

maining case, the only positive PCR result was for the sonication
fluid.

DISCUSSION

Universal 16S rRNA PCR is complementary to conventional cul-
ture in the microbiological diagnosis of colonized VAPs. For pa-
tients with bacteremia, a negative PCR result makes it possible to
rule out the origin of VAP-RBSI. The technique is superior to
conventional culture, mainly for patients undergoing antibiotic
therapy.

PCR performed on VAPs cannot replace conventional culture.
As a PCR requires a certain amount of DNA, it has high specificity
but low sensitivity.

Confirmation of VAP colonization requires culture of both
the catheter tip and the port reservoir contents (1), because it
has been demonstrated that culturing the catheter tip alone
could leave almost half of all VAP-RBSI episodes undiagnosed
(14–16). However, conventional culture is subject to limita-
tions, such as implementation of antibiotic therapy before
catheter withdrawal or the impossibility of detecting fastidious
microorganisms. Therefore, molecular methods could be use-
ful to solve these problems.

16S rRNA PCR has proven useful for the identification of live
or dead bacteria in cases of suspected infection in patients under-
going antibiotic therapy (2–4). The technique can be performed
with normally sterile biological specimens and also on artificial
devices (5–10). However, current studies based on molecular de-
tection of catheter-related bloodstream infection mainly measure
levels of bacterial DNA in blood samples drawn through the cath-
eter using commercially available real-time PCR (17–19). There-
fore, at present, no data are available on the yield of universal 16S

TABLE 4 Validity values of the universal 16S rRNA gene PCR for the detection of venous access port-related bloodstream infectiona

Test

No. of cases/total (%) (95% confidence interval)

S SP PPV NPV

PCR with any sample 12/15 (80.0) (51.9–95.7) 151/204 (74.0) (67.8–80.3) 12/65 (18.5) (8.3–28.7) 151/154 (98.1) (94.4–99.6)
PCR with CABS 8/15 (53.3) (26.6–78.7) 175/204 (85.8) (80.7–90.8) 8/37 (21.6) (7.0–36.2) 175/182 (96.2) (93.1–99.2)
PCR with CAAS 9/15 (60.0) (32.3–83.7) 171/204 (83.8) (78.5–89.1) 9/42 (21.4) (7.8–35.0) 171/177 (96.6) (93.7–99.6)
PCR with PSF 7/15 (46.7) (21.3–73.4) 177/204 (86.8) (81.9–91.7) 7/34 (20.6) (5.5–35.7) 177/185 (95.7) (92.5–98.9)
PCR with ISB 11/15 (73.3) (44.9–92.2) 178/204 (87.3) (82.4–92.1) 11/37 (29.7) (13.7–45.8) 178/182 (97.8) (94.5–99.4)
a S, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; CABS, port content aspirate before sonication; CAAS, port content aspirate after
sonication; PSF, port sonication fluid; ISB, port internal surface biofilm.

TABLE 3 Validity values of the universal 16S rRNA gene PCR for the detection of colonizationa

Test

No. of cases/total (%) (95% confidence interval)

Routine GSb

S SP PPV NPV

PCR with any sample 34/46 (73.9) (60.1–87.7) 142/173 (81.5) (76.1–88.1) 34/65 (52.3) (39.4–65.2) 142/154 (92.2) (87.7–96.8)
PCR with CABS 21/46 (45.7) (30.2–61.1) 157/173 (90.6) (86.2–95.4) 21/37 (56.8) (39.4–74.1) 157/182 (86.3) (81.0–91.5)
PCR with CAAS 24/46 (52.2) (36.7–67.7) 155/173 (89.6) (84.8–94.4) 24/42 (57.1) (41.0–73.3) 155/177 (87.6) (82.4–92.7)
PCR with PSF 18/46 (39.1) (23.9–54.3) 157/173 (90.6) (86.2–95.4) 18/34 (52.9) (34.7–71.2) 157/185 (84.8) (79.4–90.3)
PCR with ISB 23/46 (50.0) (34.5–65.5) 159/173 (91.9) (87.6–96.3) 23/37 (62.2) (45.2–79.1) 159/182 (87.4) (82.3–92.5)
a GS, gold standard; S, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; CABS, port content aspirate before sonication; CAAS, port content
aspirate after sonication; PSF, port sonication fluid; ISB, port internal surface biofilm.
b Incubation of VAP cultures under aerobic conditions.
c Incubation of VAP cultures under aerobic plus anaerobic conditions.
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rRNA PCR performed on the catheter in situ, irrespective of the
type of catheter.

Our results showed that in addition to its good specificity for
predicting colonization, 16S rRNA PCR performed on biofilm
from the internal surface of the port reservoir proved to be very
useful for ruling out or confirming an episode of VAP-RBSI (sen-
sitivity, 73.3%; negative predictive value, 97.8%), particularly for
patients undergoing antibiotic therapy.

Another important issue in our research was the incubation
of additional plates under anaerobic conditions, which allowed
us to recover 43.2% of anaerobic microorganisms, the most
common being P. acnes (94.1%). However, we could not find
any relationship between the presence of this microorganism
colonizing VAPs and the consequent emergence of blood-
stream infection.

The main limitation of our study was that we did not routinely
obtain blood cultures before catheter withdrawal; therefore, some
VAP-RBSIs could have gone undetected. Moreover, as we only
included those VAP-RBSI episodes that were confirmed by VAP
culture, episodes that could have been detected without catheter
withdrawal (differential time to positivity) would have been
missed.

Future studies should focus on the use of 16S rRNA PCR per-
formed with samples from both the port reservoir and the catheter
tip. Furthermore, it would be appropriate to perform a panfungal
PCR assay to detect fungal DNA in port reservoirs and to perform
an exhaustive analysis of those patients with P. acnes colonizing
VAPs.

In conclusion, we present a new application of universal 16S
PCR performed on port reservoir contents in order to rule out
VAP-RBSI and to diagnose VAP-RBSI episodes in patients

whose antibiotic therapy was prescribed before catheter with-
drawal.
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