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Letters to the Editor
Effect of Sample Storage Conditions on Culture-Independent Bacterial

Community Measures in Cystic Fibrosis Sputum Specimens�

Culture-independent approaches to studying the microbiota
of the airways of cystic fibrosis (CF) patients have employed
analysis of the bacterial 16S rRNA gene through Sanger se-
quencing of clone libraries (5, 6, 12), terminal restriction frag-
ment length polymorphism analysis (8, 11), microarray hybrid-
ization (3, 7), or pyrosequencing (2, 5) and have revealed the
presence of far more complex bacterial communities than has
been appreciated with culture-based methods. Expectorated
sputum has been used in many of these studies and, when
collected properly, is estimated to contain a relatively low
abundance of bacteria from the oropharynx (9). However, spu-
tum samples typically require transportation and/or storage
before culture-independent analysis. We sought to assess the
effects of sputum sample storage conditions on bacterial com-
munity measures obtained by using pyrosequencing analysis.

A sputum specimen, obtained with the approval of the Uni-
versity of Michigan Institutional Review Board during the
course of routine care of a 23-year-old man with CF, was
stored at 4°C for 2 h and then divided into multiple 0.5-ml
aliquots. Aliquots were either immediately frozen at �80°C or
stored at room temperature (RT) (�25°C), 4°C, or �20°C for
1, 2, or 4 weeks before being transferred to �80°C. To isolate
DNA, sputum aliquots were thawed on ice, treated with
Sputolysin (EMD Chemicals, San Diego, CA), mechanically
disrupted, and processed on an automated nucleic acid pu-
rification platform (MagNA Pure compact system; Roche
Diagnostics, Indianapolis, IN). Bar-coded pyrosequencing of
the 16S rRNA V3-V5 region was performed using protocols

developed for the Human Microbiome Project (http://www
.hmpdacc.org/tools_protocols/tools_protocols.php). The software
package mothur V1.19 was used to process sequences and calcu-
late alpha and beta diversities (http://www.mothur.org/wiki
/Costello_stool_analysis) (10).

Pyrosequencing with the Roche 454 Titanium platform pro-
duced an average of 4,988 sequences (range, 2,625 to 7,241)
and 15 operational taxonomic units (OTUs) (range, 10 to 20)
per specimen. To compare bacterial community structures,
Bray-Curtis distances were calculated using normalized and
log2-transformed abundance data for each OTU from individ-
ual samples and assessed with principal coordinate analysis
(PCoA) (4). Based on nonparametric analysis of molecular
variance (NP-AMOVA), the communities in the six samples
stored at RT were significantly different (P � 0.001) (1) from
the 17 samples stored at other temperatures, which showed
insignificant variation (Fig. 1A). For each of the temperatures
studied, community structure was not influenced by storage
time (P � 0.65, NP-AMOVA). By two-way analysis of variance
(ANOVA), community diversity and richness were not signif-
icantly different between samples from different storage tem-
peratures or durations (P � 0.05). However, sequences repre-
senting Pseudomonas aeruginosa increased significantly (P �
0.05), while sequences representing Gemella haemolysans,
Rothia dentocariosa, and Lactococcus lactis decreased signifi-
cantly (P � 0.05), in samples stored at RT compared to those
stored at all other temperatures, irrespective of storage dura-
tion. Despite the variation in community structure observed in

FIG. 1. Principal coordinate analysis (PCoA) of sputum bacterial community structures using log2-transformed Bray-Curtis distances. Each
symbol represents a sputum sample. The distance between symbols on the ordination plot indicates the relative similarity in their community
structures. (A) PCoA of the 23 sputum storage aliquots. Two aliquots each were stored at RT (red), 4°C (green), or �20°C (black) for each of
the storage times indicated by small (1 week), medium (2 weeks), or large (4 weeks) circles. Blue circles represent samples stored immediately at
�80°C (n � 5). (B) PCoA of 77 sputum samples, including the 23 storage test aliquots (colored circles in lower left), the 5 interrun control samples
(solid black diamonds), the 5 replicate control samples (solid black squares), and the 44 serial sputum samples from two other CF patients (stars
and open triangles). For the interrun controls, a single specimen was analyzed in five separate pyrosequencing runs using the same barcoded
primer. For the intrarun controls, five aliquots from a single sample were analyzed on the same pyrosequencing run.
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samples stored at RT, the overall variation within the test
samples was comparable to that found within five interrun and
five intrarun control samples (Fig. 1B).

To put these results in the context of CF lung bacterial
community dynamics, communities from the storage aliquots
were compared to two sets of sputum samples serially collected
from two adult CF patients during the course of 9 and 8 years,
respectively. PCoA using log2-transformed Bray-Curtis dis-
tances indicated that the bacterial communities from the CF
patient samples were widely distributed throughout the ordi-
nation plot relative to the storage test samples and control
samples (Fig. 1B).

In summary, while sputum samples stored at RT showed
greater variation in community structure than samples stored
at the other temperatures tested, the overall variation within
the storage test samples was comparable to that found within
the intra- and interrun control samples. Importantly, these
variations were insignificant relative to those found among
samples serially obtained from CF patients during prolonged
periods of observation, suggesting that storage at any of these
temperatures, at least for the durations of time included in this
study, does not significantly affect pyrosequencing-based mea-
sures of community structure. The variation observed in intra-
and interrun controls illustrates the limits of reproducibility of
pyrosequencing-based bacterial community profiling. This lim-
itation warrants further study and must be taken into account
in studies designed to assess the fine-scale dynamics of the CF
lung microbiota.
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