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We analyzed the diagnostic value of microorganisms cultured from negative-pressure-wound-therapy (NPWT) foam samples

compared to that of microorganisms cultured from deep tissue samples from patients with vascular graft infections. The sensi-

tivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were 58%, 86%, 81%, and 66%, respec-

tively. The diagnostic value of microbiological cultures from NPWT foams was poor.

To date, little is known about the interpretation of microbiolog-
ical results from negative-pressure-wound-therapy (NPWT)

foams despite the fact that NPWT is increasingly being used in
wound care and the treatment of prosthetic vascular graft infec-
tions (PVGI) (1–15). Specimens are often taken not only from the
site of infection but also from these foams with the notion that
microbes on the foam might represent the bacterial flora of the
adjacent wound tissue (16). We aimed to analyze the diagnostic
value of NPWT foam microbiology in patients with a PVGI.

We included patients from the Vascular Graft Cohort Study
(VASGRA; ClinicalTrials registration no. NCT01821664), an on-
going observational research project at the University Hospital
Zurich recruiting adult patients with a PVGI since May 2013 (6,
17). Data entries until December 2015 were considered. A few
retrospective patients with a PVGI and NPWT therapy were added
to the analysis. The study was approved by the IEC Zürich
(KEK_2012-0583). At our institution, PVGI are generally oper-
ated on in a graft-preserving manner. During revisions, patients
undergo surgical debridement of infected tissue and recurring
NPWT dressing changes (7).

The samples were analyzed at the Institute for Medical Micro-
biology, Zurich. The foam samples were inoculated onto aerobic
sheep blood agar plates without antibiotics (COS; bioMérieux,
Marcy l’Etoile, France) and with colistin-nalidixic acid (CNA) for
Gram-positive bacteria (bioMérieux) and onto MacConkey
(MCK) plates (bioMérieux) for the detection of Gram-negative
bacteria. All plates were incubated for 3 days at 37°C; in addition,
Sabouraud (Sab) plates for yeasts (BD, Basel, Switzerland) were
inoculated and incubated for 7 days. After inoculation, the plates
were put into thioglycolate broth without indicator (BD) for
growth enrichment. If growth occurred within 3 days, samples
were subcultured onto aerobic and anaerobic plates.

Deep wound and superficial wound swabs were inoculated
onto the same battery of plates with incubation in thioglycolate
broth and also on aerobic selective chocolate agar plates (HAE2;
bioMérieux), anaerobic sheep blood agar plates with hemin and
vitamin K1 (Brucella agar; BD), laked sheep blood Brucella agar
plates with kanamycin and vancomycin (BD), and phenylethylal-
cohol agar plates with vitamin K1 (BD). The plates were incubated
for 1 week, the thioglycolate broth was inoculated for 10 days, and
the Sabouraud agar plates were incubated for 3 weeks (18). Se-
quence identification was performed according to standard meth-

ods, including matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) and 16S RNA gene sequencing (19, 20). Sus-
ceptibility testing was performed according to the EUCAST guide-
lines (19, 20).

We calculated the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) (21) of the deep
wound tissue cultures compared with those for NWPT foam cul-
tures. The results from the deep wound tissue cultures were con-
sidered the gold standard. Statistical analysis was performed with
Stata SE 14 (StataCorp., TX, USA).

We included a total of 192 samples from 54 patients, all of
whom had received NPWT (154 VASGRA samples; 38 retrospec-
tive samples). The patient characteristics and detailed information
on the samples are listed in Appendix S1 in the supplemental
material. Ninety of 192 (47%) foam and 107 of 192 (56%) tissue
samples were positive (Table 1). The numbers of different types of
microorganisms were comparable between the foam and tissue
samples with a median (range) of 1 (1 to 3) and 1 (1 to 4) (P �

0.869 [t test]), respectively. In 20% and 18% wound and foam
samples, respectively, multiple microorganisms were found
(Pexact � 0.603). The anaerobe species tended to be poorly iden-
tified in NPWT foam samples. We obtained an overall sensitivity,
specificity, PPV, and NPV of 58% (95% confidence interval [CI],
47 to 68%), 86% (77 to 92%), 81% (70 to 90%), and 66% (56 to
74%), respectively (Fig. 1).

In 19 NPWT foam samples, 26 different microorganisms
which were not found in the deep tissue samples were detected.
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Fourteen (58%) microorganisms had been previously found in
tissue/graft or blood culture samples from the respective patient,
and an additional 3 (13%) have been found at a later time point
(�31 days). A chart review noted that one of these three microor-
ganisms was judged as clinically relevant (Pseudomonas aerugi-
nosa), meaning that the detection did lead to a treatment adap-
tion. Seven microorganisms were not detected in the adjacent
wound tissue sample (see Appendix S2 in the supplemental mate-
rial). We did not find any evidence for a different diagnostic agree-
ment between the NPWT foams and deep tissue examination ei-
ther for the different pressures applied to the vascular wound or
for differences in the time intervals between foam changes or for
the time since infection (see Appendix S3 in the supplemental
material).

We found that the diagnostic value of NPWT foam culture was
poor. Our study did not confirm the hypothesis that high negative
pressure leads to an enrichment of microorganisms in the foam
samples compared to that in wound tissue samples. Most micro-
organisms which were isolated from the NPWT foam samples but
not from the corresponding tissue samples were identified in pre-
vious or subsequent samples.

To our knowledge, this is the first study to look at the diagnos-
tic value of the microbiological cultures of NPWT foam samples in

a patient population with PVGI. A smaller study examined 41
NPWT foam and tissue samples from an orthopedic patient pop-
ulation (2). For 17 of 22 negative foam samples, the tissue samples
were also negative, whereas the remaining 5 tissue samples con-
tained organisms. The authors concluded that tissue samples and
parts of the foam should be examined. Another study found high
bacterial loads in NPWT foam samples (1). The number of foam
samples in which microorganisms were found was higher than in
our study, which might be explained by the higher number of
patients receiving antibiotic treatment in our study (80% versus
12%). Neither higher negative pressure nor longer intervals be-
tween foam changes or the time since infection affected the diag-
nostic concordance. Negative pressure levels and intervals of foam
changes might be adapted to the clinical needs without compro-
mising the diagnostic results (22).

The strength of our study is the large sample size. No published
study has reported information as detailed as ours regarding sen-
sitivity, specificity, PPV, and NPV. The small number of patients
taken off antibiotic treatment (19%) might limit the generaliza-
tion of the results.

The microbiological examination of NPWT foam samples had
limited diagnostic value in a patient population with PVGI. Anti-
microbial therapy should primarily be based on deep wound cul-

TABLE 1 Diagnostic value of the microbiological examination of NPWT foams compared to that of deep wound tissue samples adjacent to an
infected vascular graft (gold standard)

Organism

NPWT

foams

(n [%])a

Deep

tissue

(n [%])b

NPWT foams

and deep

tissue (n [%])

None

detected

(n [%])

Sensitivity

(% [95% CIc])

Specificity

(% [95% CI])

Positive

predictive

value (%

[95% CI])

Negative

predictive

value (%

[95% CI])

Gram-positive

Coagulase-negative

staphylococci

11 (5.7) 14 (7.3) 33 (17.2) 134 (69.8) 70 (55–83) 92 (87–96) 75 (60–87) 91 (85–95)

Corynebacteria 0 (0.0) 1 (0.5) 0 (0.0) 191 (99.5) NAe NA NA NA

Enterococcus spp. 5 (2.6) 6 (3.1) 16 (8.3) 165 (85.9) 73 (50–89) 97 (93–99) 76 (53–92) 96 (93–99)

Staphylococcus aureus 0 (0.0) 1 (0.5) 2 (1.0) 189 (98.4) 67 (9–99) 100 (98–100) 100 (16–100) 99 (97–100)

Streptococcus spp. 0 (0.0) 0 (0.0) 1 (0.5) 191 (99.5) 100 (3–100) 100 (98–100) 100 (3–100) 100 (98–100)

Gram-negative

Acinetobacter baumannii 0 (0.0) 0 (0.0) 1 (0.5) 191 (99.5) 100 (3–100) 100 (98–100) 100 (3–100) 100 (98–100)

Citrobacter freundii 1 (0.5) 2 (1.0) 4 (2.1) 185 (96.4) 67 (22–96) 99 (97–100) 80 (28–99) 99 (96–100)

Enterobacter cloacae 1 (0.5) 1 (0.5) 1 (0.5) 189 (98.4) 50 (1–99) 99 (97–100) 50 (1–99) 99 (97–100)

Escherichia coli 1 (0.5) 3 (1.6) 6 (3.1) 182 (94.8) 67 (30–93) 99 (97–100) 86 (42–100) 98 (95–100)

Klebsiella spp. 0 (0.0) 2 (1.0) 6 (3.1) 184 (95.8) 75 (35–97) 100 (98–100) 100 (54–100) 99 (96–100)

Proteus mirabilis 0 (0.0) 2 (1.0) 0 (0.0) 190 (99.0) NA NA NA NA

Pseudomonas aeruginosa 2 (1.0) 2 (1.0) 3 (1.6) 185 (96.4) 60 (15–95) 99 (96–100) 60 (15–95) 99 (96–100)

Serratia marcescens 0 (0.0) 0 (0.0) 1 (0.5) 191 (99.5) 100 (3–100) 100 (98–100) 100 (3–100) 100 (98–100)

Stenotrophomonas

maltophilia

0 (0.0) 0 (0.0) 1 (0.5) 191 (99.5) 100 (3–100) 100 (98–100) 100 (3–100) 100 (98–100)

Anaerobes

Peptostreptococcus 0 (0.0) 2 (1.0) 1 (0.5) 189 (98.4) 33 (1–91) 100 (98–100) 100 (3–100) 99 (96–100)

Other anaerobesd 0 (0.0) 5 (2.6) 0 (0.0) 187 (97.4) NA NA NA NA

Fungi

Candida spp. 2 (1.0) 7 (3.6) 29 (15.1) 154 (80.2) 81 (64–92) 99 (95–100) 94 (79–99) 96 (91–98)
a In addition, 2 Granulicatella adjacens and 1 Raoultella species were found in NPWT foam/graft samples (n � 3).
b In addition, the following other organisms were found in deep tissue samples: 1 Aspergillus fumigatus, 3 Granulicatella adiacens, 1 Mycobacterium chimaera, and 1 Dermabacter

hominis.
c CI, confidence interval.
d In 5 deep tissue samples the following anaerobes found: 1 Bacteroides thetaiotaomicron, 1 Finegoldia adiacens, 3 Finegoldia magna, and 3 Prevotella bivia.
e NA, not applicable.
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tures. Since few other studies have addressed this issue, additional
studies are needed to draw general conclusions.
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