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This is a response to a letter by Malone and Dickson (http://dx.doi.org/10.1128/mBio.01898-16).

We recently reported the fungal “mycobiome” and its associ-
ation with outcomes in a longitudinal prospective cohort

study of 100 patients with diabetic foot ulcers (1). We appreciate
the letter to the editor by Malone and Dickson (2) and are pleased
that our findings generated interest and discussion among basic
scientists and clinicians.

The technique used to collect a sample for microbiome analysis
is of great importance. All downstream processing and analysis
relies on an accurate and reliable sample. Malone and Dickson are
correct in that other groups advocate using more-invasive meth-
ods, though rigorous, peer-reviewed evidence to suggest the supe-
riority of those invasive techniques is lacking in the literature.
Interestingly, we noted that Malone authored a paper, “Deep
Wound Cultures Correlate Well with Bone Biopsy Culture in Di-
abetic Foot Osteomyelitis” (3), in which the results seemingly con-
tradict the argument presented in the letter. Nonetheless, we are
most appreciative for the opportunity to further expand on our
reasons for employing the Levine technique for collecting swab
specimens.

Levine’s technique is different than other swab techniques in
that it samples fluid from deep tissue layers, similarly to aspiration
of wound fluid. In this method, the wound is cleansed with non-
bacteriostatic saline and a swab is rotated over a 1-cm2 area of
viable, nonnecrotic wound tissue for 5 s with sufficient pressure to
mechanically disrupt the polysaccharide matrix associated with
biofilms and sample organisms. Our reasons for employing
Levine’s technique, as opposed to obtaining tissue, for specimen
acquisition, are as follows.

(i) Tissue specimens contain large amounts of “contaminat-
ing” human DNA that interferes with bacterial DNA isolation, 16S
rRNA gene amplification, and metagenomic sequencing. Al-
though previous studies of human wound microbiota have em-
ployed curettage as the method of specimen acquisition, Han et al.
(4) reported that human DNA or blood in the curettage specimen
interfered with amplification of 16S rRNA genes, resulting in loss
of 25% of the samples. We have experienced similar failures when
working with punch biopsy specimens.

(ii) Culture results based on Levine’s technique are accurate
(5). Malone and Dickson are correct in that previous work by our
team showed that Levine’s swab technique is accurate with respect
to measuring microbial load and diversity. While other studies
comparing swabs to tissue cultures (6–9) report inconsistent re-
sults with respect to the accuracy of swabs, those studies suffered
from numerous methodological problems. Perhaps the most se-
rious methodological problem is that the studies did not describe
specific techniques used to collect swab specimens (7, 9, 10). The
levels of accuracy of swabbing techniques vary according to
wound bed preparation, area of the wound sampled, and duration
of sampling. These variables may have been key confounding fac-
tors in studies comparing swab specimens to tissue specimens

from “discrete” wound locations. For example, Frank et al. (11)
found poor concordance between swabs and tissue specimens,
both of which were analyzed with 16S rRNA gene sequencing, but
the swabs were collected using a “global” surface technique (i.e.,
the entire wound surface was swabbed), while tissue biopsy spec-
imens were collected from a small single, discrete wound location.
Moreover, their results were confounded by the fact that the DNA
extraction techniques used for swab specimens were different than
those used for tissue specimens. A critical aspect of any well-
designed microbiome study is to keep methods (sampling, DNA
extraction, PCR, sequencing) consistent across the study, as each
method for these procedures is associated with its own inherent
biases (12).

(iii) In the interest of the patients participating in the study,
longitudinal sampling of chronic wounds must employ the least
invasive specimen technique possible. Taking wound tissue every
2 weeks from a chronic wound poses a substantial risk to subjects
who already have nonhealing wounds. We would never advocate
for this type of sampling, nor would any Institutional Review
Board view this favorably. Moreover, in our experience, study
protocols requiring the acquisition of wound tissue resulted in the
loss of 28% of potential subjects because they understandably ob-
ject to having tissue removed from their wound (13).

To the second point of Malone and Dickson that we reported
only on fungal communities, in fact, we reported on bacterial
communities as measured using 16S rRNA gene sequencing,
which was referenced and discussed several times in the paper
(14). In addition to discussing this separately published study, we
reported in the text an analysis of the two data sets together. We
evaluated the community stability and dynamics between fungal
and bacterial communities, which is detailed in Fig. S3. We also
evaluated associations between fungal and bacterial phylotypes,
which is illustrated in Fig. S6.

Because Malone and Dickson suggest that by sequencing the
ITS1 and 16S rRNA genes together, one might obtain microbial
load data, we want to emphasize that these approaches produce
compositional data and are not appropriate for determining ab-
solute abundances. For evaluating relative abundances of bacteria,
fungi, archaea, and viruses within a sample, the more appropriate
technique is metagenomic shotgun sequencing. Even with metag-
enomic sequencing, relative abundances within a sample are not
synonymous with the total bioburden within the tissue. However,
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to categorize taxa as “major or minor players” based on relative
abundance determined by amplicon-based sequencing would be
shortsighted in our opinion, as relative abundance does not nec-
essarily equate to pathogenesis or virulence.

Finally, based on the rationale of Malone and Dickson, one
could argue that the clinical relevance of studies considering only
bacterial communities is lost because fungal communities are
omitted. We of course do not believe this but hope that our work
has illuminated the complexity of the microbial communities in-
habiting chronic wounds and look forward to additional studies
that improve our understanding of polymicrobial contributions
to impaired wound healing. Unfortunately, basic research is not
always immediately translatable and/or interpretable in clinics.
However, it is basic research that will provide deeper understand-
ing of the microbial mechanisms governing wound healing, which
we are optimistic one day will inform better management and
treatment strategies for the millions of patients suffering from
chronic wounds.

REFERENCES
1. Kalan L, Loesche M, Hodkinson BP, Heilmann K, Ruthel G, Gardner

SE, Grice EA. 2016. Redefining the chronic-wound microbiome: fungal
communities are prevalent, dynamic, and associated with delayed healing.
mBio 7(5):e01058-16. http://dx.doi.org/10.1128/mBio.01058-16.

2. Malone M, Dickson HG. 2016. Understanding the role of fungi in chronic
wounds. mBio 7(6):e01898-16. http://dx.doi.org/10.1128/mBio.01898-16.

3. Malone M, Bowling FL, Gannass A, Jude EB, Boulton AJ. 2013. Deep
wound cultures correlate well with bone biopsy culture in diabetic foot
osteomyelitis. Diabetes Metab Res Rev 29:546 –550. http://dx.doi.org/
10.1002/dmrr.2425.

4. Han A, Zenilman JM, Melendez JH, Shirtliff ME, Agostinho A, James
G, Stewart PS, Mongodin EF, Rao D, Rickard AH, Lazarus GS. 2011.
The importance of a multifaceted approach to characterizing the micro-
bial flora of chronic wounds. Wound Repair Regen 19:532–541. http://
dx.doi.org/10.1111/j.1524-475X.2011.00720.x.

5. Gardner SE, Frantz RA, Saltzman CL, Hillis SL, Park H, Scherubel M.

2006. Diagnostic validity of three swab techniques for identifying chronic
wound infection. Wound Repair Regen 14:548 –557. http://dx.doi.org/
10.1111/j.1743-6109.2006.00162.x.

6. Basak S, Dutta SK, Gupta S, Ganguly AC, De R. 1992. Bacteriology of
wound infection: evaluation by surface swab and quantitative full thick-
ness wound biopsy culture. J Indian Med Assoc 90:33–34.

7. Herruzo-Cabrera R, Vizcaino-Alcaide MJ, Pinedo-Castillo C, Rey-
Calero J. 1992. Diagnosis of local infection of a burn by semiquantitative
culture of the eschar surface. J Burn Care Rehabil 13:639 – 641. http://
dx.doi.org/10.1097/00004630-199211000-00006.

8. Levine NS, Lindberg RB, Mason AD, Jr, Pruitt BA, Jr. 1976. The
quantitative swab culture and smear: a quick, simple method for deter-
mining the number of viable aerobic bacteria on open wounds. J Trauma
16:89 –94. http://dx.doi.org/10.1097/00005373-197602000-00002.

9. Sapico FL, Ginunas VJ, Thornhill-Joynes M, Canawati HN, Capen DA,
Klein NE, Khawam S, Montgomerie JZ. 1986. Quantitative microbiology
of pressure sores in different stages of healing. Diagn Microbiol Infect Dis
5:31–38. http://dx.doi.org/10.1016/0732-8893(86)90089-1.

10. Rudensky B, Lipschits M, Isaacsohn M, Sonnenblick M. 1992. Infected
pressure sores: comparison of methods for bacterial identification. South
Med J 85:901–903. http://dx.doi.org/10.1097/00007611-199209000
-00010.

11. Frank DN, Wysocki A, Specht-Glick DD, Rooney A, Feldman RA, St
Amand AL, Pace NR, Trent JD. 2009. Microbial diversity in chronic open
wounds. Wound Repair Regen 17:163–172. http://dx.doi.org/10.1111/
j.1524-475X.2009.00472.x.

12. Rogers GB, Bruce KD. 2010. Next-generation sequencing in the analysis
of human microbiota: essential considerations for clinical application.
Mol Diagn Ther 14:343–350. http://dx.doi.org/10.2165/11587680
-000000000-00000.

13. Gardner SE, Frantz RA, Doebbeling BN. 2001. The validity of the clinical
signs and symptoms used to identify localized chronic wound infection.
Wound Repair Regen 9:178 –186. http://dx.doi.org/10.1046/j.1524
-475x.2001.00178.x.

14. Loesche M, Gardner SE, Kalan L, Horwinski J, Zheng Q, Hodkinson
BP, Tyldsley AS, Franciscus CL, Hillis SL, Mehta S, Margolis DJ, Grice
EA. 2016. Temporal stability in chronic wound microbiota is associated
with poor healing. J Invest Dermatol http://dx.doi.org/10.1016/
j.jid.2016.08.009.

Author Reply

2 ® mbio.asm.org November/December 2016 Volume 7 Issue 6 e02033-16

http://dx.doi.org/10.1128/mBio.01058-16
http://dx.doi.org/10.1128/mBio.01898-16
http://dx.doi.org/10.1002/dmrr.2425
http://dx.doi.org/10.1002/dmrr.2425
http://dx.doi.org/10.1111/j.1524-475X.2011.00720.x
http://dx.doi.org/10.1111/j.1524-475X.2011.00720.x
http://dx.doi.org/10.1111/j.1743-6109.2006.00162.x
http://dx.doi.org/10.1111/j.1743-6109.2006.00162.x
http://dx.doi.org/10.1097/00004630-199211000-00006
http://dx.doi.org/10.1097/00004630-199211000-00006
http://dx.doi.org/10.1097/00005373-197602000-00002
http://dx.doi.org/10.1016/0732-8893(86)90089-1
http://dx.doi.org/10.1097/00007611-199209000-00010
http://dx.doi.org/10.1097/00007611-199209000-00010
http://dx.doi.org/10.1111/j.1524-475X.2009.00472.x
http://dx.doi.org/10.1111/j.1524-475X.2009.00472.x
http://dx.doi.org/10.2165/11587680-000000000-00000
http://dx.doi.org/10.2165/11587680-000000000-00000
http://dx.doi.org/10.1046/j.1524-475x.2001.00178.x
http://dx.doi.org/10.1046/j.1524-475x.2001.00178.x
http://dx.doi.org/10.1016/j.jid.2016.08.009
http://dx.doi.org/10.1016/j.jid.2016.08.009
mbio.asm.org

	REFERENCES

