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New insights based on the microfloral analysis —a significance of anaerobes
In respiratory infections

Hiroshi Mukae
Second Department of Internal Medicine, Nagasaki University School of Medicine

1-7-1 Sakamoto, Nagasaki 852-8501, Japan

Abstract

The mortality of pneumonia is gradually increased with population aging in Japan, and
pneumonia has been the third leading cause of death in Japan since 2011. It has been
reported that over 95% of the deaths from pneumonia are the elderly over 65 years. In
addition, about 50% of hospitalized patients with pneumonia over 60 years of age have
aspiration pneumonia, and the rate of aspiration increases with age. Therefore, proper
treatment of pneumonia in the elderly and aspiration pneumonia are important issues.
Precise assessment of causative pathogens is extremely important for the first step of an
adequate choice of antibiotics for the treatment of pneumonia. However, conventional
cultivation methods are not fully satisfactory to estimate causative bacteria.

We have evaluated the bacterial flora in the respiratory samples obtained from patients
with infectious diseases using the culture-independent molecular method, in
collaboration with the Department of Microbiology, University of Occupational and
Environmental Health, Japan. The microfloral analysis using the 16S rRNA gene was
conducted as follows; the partial fragment of 16SrRNA gene (approximately 600bp)
was amplified by PCR using the universal primer pair and a clone library was
constructed. Nucleotide sequences of randomly chosen 96 clones for each specimen
were determined and the homology with our in-house database was searched, then the
percentages of detected bacterial phylotypes were identified.

So far, this microfloral analysis in the bronchoalveolar lavage fluid obtained from
patients with community-acquired pneumonia (CAP), healthcare-associated pneumonia
(HCAP) showed that anaerobes and oral bacteria were highly detected in addition to
well-known pathogens of CAP or HCAP. Especially, in patients without any significant
pathogens using conventional cultivation methods, anaerobes and oral bacteria were
mainly detected as the predominant phylotypes by the microfloral analysis. In addition,



oral streptococci were more frequently detected than anaerobes in CAP and HCAP
patients with aspiration risk(s), indicating that oral streptococci were the most important
in patients with aspiration pneumonia. Anaerobes have been reported as one of the
important pathogens in patients with aspiration pneumonia, but there were no
significant differences of anaerobe detection between patients with or without the risk
of aspiration in our study.

In this review, | will talk about the significance of anaerobes in the respiratory
infections, especially in patients with “elderly pneumonia” and “aspiration pneumonia”,
with the data of the microflora analysis.



Sample Cell counting (EtBr)
. Cell-lysis Before cell-lysis Cell-lysis
DNA extraction by 3% SDS .
. efficiency
beads beating _
After cell-lysis (Maintained > 70%)
PCR PCR amplification of partial fragments of 16S rRNA gene with
universal primers*
*341F (5" -CCTACGGGAGGCAGCAG-3’)
907R (5’ -CCGTCAATTCMTTTRAGTTT-3’)
Clone library construction Randomly chosen 96 colonies in the sample

Nucleotide sequence determination

Homology search

Fig. 1 Overview of the microfloral analysis with the 16S ribosomal RNA gene sequence.
Approximately 600bp of 16S rRNA gene was amplified by PCR using universal primers and clone
libraries were constructed. Nucleotide sequences of randomly chosen 96 clones for each specimen

were determined and the homology with in—house data base was searched.

EtBr: ethidium bromide. SDS: sodium dodecyl sulfate
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Fig. 2. Percentage of detected bacteria by sputum and bronchoalveolar lavage fluid cultivation and

the molecular method in 64 patients with community—acquired pneumonia.

The percentage of samples in which bacteria were detected by conventional cultivation (A), bronchoalveolar lavage (BAL) samples (B)
and the molecular method using the 16S rRNA gene (C). Sputum cultivation detected no significant pathogens in three fourths of the
cases. The molecular method detected causative bacteria in all BAL samples, and there were considerably higher ratios of anaerobes
detected using the molecular method in comparison to culture methods in addition to Mycoplasma pneumoniae.

(Ref#4 modified)



Table 1. Comparison of bacteria between cultivation

and the microfloral analysis using the 16S rRNA gene sequence.

Age/gender | Gram stain Cultivation Microflora analysis (the percentage of clones, %)
The predominant phylotype The second dominant phylotype
1 72/M GNR 1+ Pseudomonas aeruginosa 3+ Pseudomonas aeruginosa (100%) —
2 61/F GPC 1+ MSSA 3+ Staphylococcus aureus (100%) —
3 74/M GPC 1+ MSSA 3+ Staphylococcus aureus (100%) —
4 50/M GPC 1+ MSSA + Staphylococcus aureus (96.8%) —
5 73/M GPC 2+ MRSA 3+ Staphylococcus aureus (97.7%) —
6 76/M GPC 1+ Streptococcus sp. <+ Streptococcus mitis (100%) —
7 60/M GPC 2+ Streptococcus agalactiae 2+ Streptococcus agalactiae (100%) —
8 73/M GPC 3+ Streptococcus sp. 3+ Streptococcus intermedius (100%) —
9 47/M GPC 1+ Streptococcus milleri group 1+ Streptococcus intermedius (96.7%) —
10 84/F GPC 2+ Streptococcus anginosus 2+ Streptococcus intermedius (100%) —
11 52/F GPC 2+ Streptococcus intermedius Fusobacterium nucleatum (48.8%) Streptococcus intermedius (41.5%)
12 74/M GNR 3+ Escherichia co'// 3+ Fusobacterium nucleatum (33.8%) Prevotella oris (24.3%)
GPC 2+ Streptococcus anginosus 2+
Prevotella melaninogenica group <+
Wolinella spp. <+
13 54/M GNR 3+ Fusobacterium nucleatum <+ Prevotella loescheii (81.9%) Fusobacterium nucleatum (18.1%)
Streptococcus mitis <+
Haemophilus parainfluenzae <+
14 60/M =) Streptococcus sp. <+ Porphyromonas gingivalis (13.3%) Fusobacterium simiae (18.6%)
GPC 3+ Streptococcus constellatus 3+
15 57/M GNR 3+ Streptococcus anginosus 3+ Fusobacterium nucleatum (36.3%) Prevotella oris (20.0%)
Bacteroides uniformis 3+
16 81/M =) Staphylococcus sp. + Morganella morganii (97.0%) —
17 69/M =) No growth Streptococcus pneumoniae (100%) —
18 66/M =) No growth Streptococcus mitis (35.1%) Neisseria elongata (10.4%)
19 69/M ) No growth Fusobacterium simiae (711.7%) Filifactor alocis (7.6%)
20 55/M =) No growth Fusobacterium nucleatum (32.4%) Porphyromonas endocarditis (23.5%)
21 58/M ) No growth Fusobacterium nucleatum (54.7%) Parvimonas micra (14.0%)
22 28/F =) No growth Fusobacterium nechrophorum (97.6%) —_
23 57/F ) No growth Propionibacterium acnes (28.6%) Atopobium parvulum (14.3%)
24 60M =) No growth Curvibacter delicatus (14.0%)

In the 42 patients with bacterial pleurisy, 24 (57%) showed positive results for 16S rRNA sequencing analysis, of which 16 (38%) were also positive for cultivation
method. In 10 (42%) of the 24 PCR-positive cases, obligate anaerobic phylotypes were predominantly detected. Nine (38%) cases showed concordant results between
the cultured bacteria and the dominant clones by the molecular method. In eight patients with PCR-positive and cultivation—negative results, anaerobes were mainly
detected as the predominant phylotype of the microfloral analysis. In some cases, the isolates by culture dominated only several percentages in microflora analysis of
the clone library method.

rRNA gene, ribosomal RNA gene; PCR, polymerase chain reaction
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