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Abstract

Background: Anaerobic infections have been reported for many years, and there is an increasing trend in these infections world-
wide, but anaerobic infections have not received sufficient attention. Rapid identification is important for the treatment of anaer-
obes because of their different antibiotic-resistance profiles.
Objectives: This study aimed to analyze the hospital’s present condition to improve anaerobic culture detection rates and enhance
the monitoring of anaerobes in hospitals.
Methods: This study retrospectively analyzed sterile body fluids sent to the First Affiliated Hospital of Nanchang University in the
form of culture bottles in 2017. Finally, 28 strains of obligate anaerobes were isolated, then combined 16S rRNA gene sequencing
and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry was used to identify the strains and performed
separate antimicrobial susceptibility testing.
Results: The results showed that these two methods are highly consistent. There were 17/28 (61%) Gram-negative and 11/28 (39%)
Gram-positive bacteria. The predominant bacteria were Bacteroides fragilis (15/28). Ten strains were isolated from the Obstetrics
and Gynecology Department. The next most frequently affected departments were General Surgery (17.86%) and the ICU (17.86%).
We analyzed the resistance to penicillin, cefoxitin, clindamycin, metronidazole, meropenem, piperacillin/tazobactam and amox-
icillin/clavulanic acid by using the agar dilution method. The resistance rates to clindamycin were relatively high but relatively
sensitive to metronidazole.
Conclusions: The results of this research indicate that we should pay attention to the cultivation of anaerobic bacteria, especially
in certain high-risk departments.
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1. Background

Anaerobic bacteria are one of the most important com-
ponents of the normal flora and are widely present on hu-
man skin and mucosal surfaces, particularly in the intesti-
nal tract and oral cavity. Anaerobic bacteria can cause a
variety of life-threatening infections with high mortality
rates (1) when the mucosal surface becomes disrupted and
a plethora of anaerobic bacteria invade the deep tissue
(2). In addition, factors that can reduce the oxygen con-
centration, such as aerobic/facultative bacteria multiply-
ing rapidly, also have the potential to cause infection. To
date, anaerobic infections have not received sufficient at-

tention. From the blood culture bottles submitted for clin-
ical examination in our hospital in 2017, the difference be-
tween the number of aerobic and anaerobic cultures was
quite large, indicating that there might be some diagnos-
tic omissions.

Anaerobes can cause a great variety of diseases, such
as tetanus caused by Clostridium tetani, genitourinary tract
infections caused by Bacteroides fragilis and gas gangrene
caused by C. perfringens infection. A study confirmed that
Clostridium spp. are associated with diabetic foot infection,
Veillonella parvula has been found in head and neck infec-
tions, and B. fragilis has been linked to aerobic bacterial
pathogens (3). Gram-positive, anaerobic cocci (GPAC) are
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the predominant pathogens in human infections accord-
ing to numerous studies. Species of GPAC can cause a se-
vere infection, bacteremia. Parvimonas spp. are most fre-
quently isolated from bacteremia specimens (4).

There are many reports on anaerobic infections world-
wide, and it has been demonstrated that antibiotics in the
current market have reduced the efficacy against anaero-
bic bacterial infection (5). Antimicrobial resistance among
anaerobes is increasing dramatically due to changes in
the drug resistance mechanisms (6). Metronidazole is a
broad-spectrum antibiotic for anaerobic infections. Gram-
negative bacilli, such as B. fragilis, are susceptible to
metronidazole. Nevertheless, increasing resistance rates
in Propionibacterium and Actinomyces have been observed
(7). Bacteroides and Prevotella species have a high level
of resistance to penicillin and ampicillin (7). Resistance
to clindamycin is increasing obviously around the world.
Imipenem is active against the overwhelming majority of
anaerobes. Therefore, antimicrobial susceptibility testing
plays an important role in antibacterial therapy because
the empirical medication may not have satisfactory effects
in clinical practice.

Compared with aerobic bacteria, anaerobic bacteria
are significantly more difficult to cultivate and identify (8).
Several methods have been applied for the identification
of anaerobic bacteria. Conventional methodology is time-
consuming with low specificity (9). To meet the increas-
ing requirement for the identification of anaerobes, new
automated identification methods have been proposed in
recent years. Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) is one
such method. Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry can shorten the identifi-
cation time and ensure identification with a certain accu-
racy level, but it is still limited. More data are needed about
clinical isolates to verify these new methods before they
can be applied to routine microorganism identification
(10), and the mass spectral database of bacteria is limited.
Moreover, 16S rRNA gene sequencing is increasingly used
in microbial identification in clinical microbiology labo-
ratories. This method can identify bacteria to the species
level with a relatively high level of accuracy. However, it has
a disadvantage in terms of time (11).

2. Objectives

We combined the characteristics of these methods in
our study. We isolated anaerobic bacteria from the First Af-
filiated Hospital of Nanchang University in 2017 and identi-
fied the bacteria with a combination of MALDI-TOF MS and
16S rRNA gene sequencing, analyzing the distribution char-
acteristics between different departments and drug resis-

tance in this hospital. We aimed to conduct a retrospective
study to provide clinical treatment advice.

3. Methods

3.1. Patients and Isolates

We collected 30,469 isolates from the First Affiliated
Hospital of Nanchang University in 2017. The samples in-
cluded blood, cerebrospinal fluid, pleural fluid, ascites,
and other sterile body fluids, which were linked with pa-
tient data gathered from the electronic medical record.
The samples were collected by clinicians or nurses and
then transferred to the clinical microbiology laboratory.
Aerobic, anaerobic or fungal culturing bottles were per-
formed, and the duplicate samples were removed. When
blood culture instrument alarm, the positive bottles were
removed and then the specimens were extracted using a sy-
ringe, inoculated in blood agar plates and chocolate agar
plates, incubated at 35ºC in anaerobic environment using
a rapid and automatic anaerobic cultivation system (Anox-
omat MART Microbiology B.V., The Netherlands).

3.2. Identification of Anaerobes

In this study, 16S rRNA gene sequencing and MALDI-TOF
MS (Bruker, Sancordon Inc., Bremen, Germany) were used
to identify the strains. The 16S rRNA gene was amplified by
PCR after extraction of the bacterial genome. The primers
of the PCR are shown in Table 1, and the PCR was performed
in a final volume of 25 µL containing 12.5 µL of 2xTaq PCR
Mastermix, 1 µL primer 1 (10 µmol/L), 1 µL of primer 2 (10
µmol/L), 1µL of template DNA (20 ng/µL), and add pure wa-
ter to 25µL. The reaction conditions were as follows: 95ºC
for 5min, followed by 35 cycles of 95ºC for 30 s, 56ºC for 40
s, and 72ºC for 2 min, and finally, 72ºC for 5min and stored
at 4ºC. All the 16 s rRNA PCR products were electrophoresed
on 1.5% agarose gel with ethidium bromide staining (100 V,
40 min) and sequenced using high-throughput sequenc-
ing technology.

The sequences were then analyzed. A ≥ 99% match
with the 16S rRNA gene sequence was confirmed for
species-level identification. The MALDI-TOF MS processes
were as follows: A single bacterial colony that had been
cultured for 24 - 48 h was transferred to the MALDI tar-
get plates by using a sterile toothpick. Then, 0.5 µL
of 70% formic acid was added to the colony, 1 µL of 4-
hydroxycinnamic acid (HCCA) matrix solution was used to
overlay the microbial film, allowed to dry at room temper-
ature and finally analyzed with MALDI-TOF MS. A log score
of ≥ 1.7 was considered indicative of high confidence.
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Table 1. Information About the 16S rRNA Primers

Gene Primer Sequence (5’ - 3’) Length

16S rRNA 27f AGAGTTTGATCCTGGCTCAG 1510 bp

1492r CTACGGCTACCTTGTTACGA

3.3. Antimicrobial Susceptibility Testing

Microbial susceptibility to penicillin, cefox-
itin, clindamycin, metronidazole, meropenem,
piperacillin/tazobactam and amoxicillin/clavulanic acid
was determined by using the agar dilution method. In this
method, Brucella agar supplemented with 5% dissolved
sheep blood, 5 µg/mL hemin and 1 µg/mL Vitamin K1 was
used. Antibiotics at different concentrations were added to
50ºC Brucella agar (that had been melted), which was then
poured into plates and allowed to solidify. A standardized
number of bacteria were inoculated onto the plates using
inoculators. At 30 minutes after inoculation, the plates
were placed in an anaerobic incubator with 5% CO2 at 35ºC
to culture for 48 - 72 h. The minimal inhibitory concentra-
tion (MIC) was defined as the lowest concentration of the
antibiotic that repressed visible growth. The results were
read according to the CLSI M100 guidelines (2017). In the
course of the experiment, we conducted quality controls
using B. fragilis ATCC25285, and the β-lactamase assay was
performed using cephalosporin sheets.

4. Results

In 2017, a total of 30,469 clinical isolates were collected.
There were 10,406 anaerobic culture bottles, 18,094 aer-
obic culture bottles and 1,969 fungal culture bottles. Af-
ter culturing, 831 samples from 29 departments showed
positive cultures in anaerobic culture bottles, and 803 of
these strains were aerobic or facultative bacteria. Finally,
a total of 28 strains were anaerobic bacteria. The positiv-
ity rate of obligate anaerobic culture was 3.37% (28/831).
There were 17/28 (61%) Gram-negative and 11/28 (39%) Gram-
positive bacteria. In our research, the predominant anaer-
obic species isolated was B. fragilis, accounting for nearly
half of those identified. The majority of the samples were
blood. Other bacteria isolated include C. difficile (7.14%),
Anaerococcus tetradius (7.14%), and Slackia exigua (3.57%).
Also, 28 strains of anaerobic bacteria were isolated from
eight departments. The specific information is listed in Ta-
ble 2.

Obstetrics and gynecology was the dominant depart-
ment, and general surgery and ICU were the second most
common departments with anaerobic bacteria. In addi-
tion to this, obstetrics and gynecology, ICU, EICU and res-
piratory, the source of the four departments was blood.

The general surgery department collected five strains, four
of them were from blood, and the other one were col-
lected from ascites. Besides, there were two ascite samples
from gastroenterology, one cerebrospinal fluid sample
from neurology department and one other sterile body flu-
ids specimen from the orthopaedics department. MALDI-
TOF MS provided species-level identification for 27 (27/28)
isolates, with only one strain not being identified. How-
ever, the identification results of these 27 strains were com-
pletely consistent with the 16S rRNA gene sequencing re-
sults. The results of the antimicrobial susceptibility testing
are shown in Table 3. Clindamycin resistance was the most
common among the tested antibiotics, with 18 strains re-
sistant to it. In contrast, metronidazole was the most effec-
tive antibiotic in this research. In addition, the B. fragilis
and C. difficile isolates were resistant to both cefoxitin and
clindamycin.

5. Discussion

The rising global trend in anaerobic bacterial infection
has drawn attention. Accurate identification is essential
for the treatment because anaerobes are sensitive to many
antibiotics. In our study, we collected 30,469 samples from
the clinic in 2017. The samples were much less than Ras-
solie and Ozenci (12) collected from Klinisk Mikrobiologi
in Huddinge University Hospital. There were 18,094 iso-
lates submitted for aerobic culture; however, only 10,406
isolates were submitted for anaerobic culture. Therefore,
aerobic and anaerobic cultures are not performed at a one-
to-one ratio in our hospital. This reduced rate of anaero-
bic cultures can increase the number of undetected anaer-
obes and make the treatment of bacterial infections diffi-
cult. However, using our statistical analysis and the presen-
tations of clinical departments, this situation improved in
the first half of 2018, and the gap between anaerobic and
aerobic referral rates is narrowing.

The blood samples (26,740/30,469) were the most
abundant, and anaerobic bacteria grew in 0.09%
(23/26740) of these samples. The prevalence of anaer-
obic bacteria in these samples is higher than that in the
research conducted by Gross et al. (13) who analyzed blood
cultures taken in the pediatric emergency department
from 2002 to 2016, and found obligate anaerobic bacte-
ria in 33 cultures (0.05%). However, in a three-year study,
Rassolie and Ozenci collected blood culture bottles at a ter-
tiary care hospital at a rate of 0.76% (12). Bacteroides fragilis
was the predominant isolate in our study, mirroring the
results of other studies (3, 14). The next most frequently
isolated bacteria were C. difficile, A. tetradius, Cutibacterium
acnes and others, which account for less than half of the
total, which is different from previous reports (12).
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Table 2. The Distribution of Samples and Anaerobes in Different Departments

Department
Characteristic Samples

Number of Patients Percentage (%) bl ab sf Others

Obstetrics and gynecology 10 35.71 10

General surgery 5 17.86 4 1

ICU 5 17.86 5

EICU 3 10.71 3

Gastroenterology 2 7.14 2

Neurology 1 3.57 1

Respiratory 1 3.57 1

Orthopedics 1 3.57 1

Total 28 100 23 3 1 1

Abbreviations: ab, ascites; bl, blood; others, other sterile body fluids; sf, cerebrospinal fluid

Table 3. The Results of Antimicrobial Susceptibility Testinga

Anaerobic
bacteria Total

Clindamycin,
R(n)

Metronidazole,
R(n)

Penicillin,
R(n)

Cefoxitin,
R(n)

Meropenem,
R(n)

Piperacillin/Tazobactam,
R(n)

Amoxicillin/Clavulanic Acid,
R(n)

Gram negative bacteria

Bacteroides fragilis 15 12 0 N/A 5 5 5 9

Bacteriodes vulgatus 1 1 0 1 N/A N/A N/A N/A

Prevotella amnii 1 0 0 0 N/A N/A N/A N/A

Gram positive bacteria

Cutibacterium acnes 2 0 2 0 N/A N/A N/A N/A

Anaerococcus
tetradius

2 1 0 0 N/A N/A N/A N/A

Staphylococcus
saccharolyticus

1 0 0 0 N/A N/A N/A N/A

Anaerococcus
hydrogenalis

1 0 0 0 N/A N/A N/A N/A

Slackia exigua 1 0 0 0 N/A N/A N/A N/A

Clostridium difficile 2 2 0 2 2 0 0 0

Clostridium
innocuum

1 1 0 1 1 0 0 0

Clostridium
saccharolyticum

1 1 0 0 0 0 0 0

Drug resistance rate (r%) 64% 7% 31% 42% 26% 26% 47%

Abbreviation: N/A, not available.
a The Gram-negative anaerobic bacteria, including Bacteroides vulgatus and Prevotella amnii, in our research were not β-lactamase producers. Therefore, we chose penicillin, clindamycin and metronidazole as antibiotics in the antimi-
crobial susceptibility testing instead of six types of antimicrobials.

The identification of bacterial species by MALDI-TOF MS
was highly consistent with that of the 16S rRNA gene se-
quencing in our study, and only one strain was not iden-
tified. The unidentified strain was A. hydrogenalis. Previous
studies show that A. hydrogenalis is predominantly identi-
fied by gene sequencing (15-17), and there have been only a
few reports about A. hydrogenalis isolated from vaginal dis-
charge and ovarian abscesses (17). In this study, we prefer
gene sequencing to MALDI-TOF MS for A. hydrogenalis iden-
tification. Several reasons for this preference are related to
the limitations of MALDI-TOF MS. First, different stages of
bacterial growth can present different protein expression
levels, which may affect detectability since MALDI-TOF MS

analyzes proteins (18). Second, insufficient reference spec-
tra can lead to misleading identifications, which is partic-
ularly common for anaerobes (19).

Seven antimicrobial agents were used in for antimi-
crobial susceptibility testing and showed different lev-
els of resistance. The most frequent isolate in our re-
search, strains of B. fragilis, were resistant to cefoxitin, clin-
damycin, meropenem, piperacillin/tazobactam and amox-
icillin/clavulanic acid, with the exception of metronida-
zole, the susceptibility to which was similar to that of other
studies (14). Multidrug-resistant (MDR) bacteria are a dif-
ficult problem worldwide. Multidrug resistance increases
the difficulty of treating bacterial infections. Multidrug-
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resistant B. fragilis has been reported in many regions (20,
21). In our study, a total of five multidrug-resistant B. fragilis
strains were isolated. Two strains were from the EICU, ob-
stetrics and gynecology, ICU and general surgery, and each
department had one strain. The prevalence of MDR B. frag-
ilis is considered to be associated with resistance genes and
the abuse of antibiotics (22).

In our study, only one Prevotella sp., P. amnii, was sus-
ceptible to clindamycin, but Prevotella spp. have an alarm-
ing resistance to clindamycin (23). Multidrug resistance
should be considered when physicians choose agents to
treat anaerobic infections. We also found that S. saccha-
rolyticus, A. hydrogenalis and S. exigua were completely sus-
ceptible to clindamycin, metronidazole and penicillin in
our research. Clindamycin was the least effective antibi-
otic, with 18/28 strains, including 6 species, being resis-
tant. This result is in accordance with other studies (23).
Bacteroides fragilis accounted for 67% (12/18) of the drug-
resistant strains, and we isolated 15 B. fragilis strains in to-
tal. Therefore, the clindamycin-resistance rate in B. fragilis
is 80%, which is higher than has been observed in other
studies (14, 24). Metronidazole was the most effective an-
tibiotic, and only two C. acnes strains were resistant.

The distribution of anaerobes in hospitals varies. In
our study, the main departments affected were obstetrics
and gynecology (35.71%), general surgery (17.86%) and the
ICU (17.86%). As our data show, we collected 10 isolates from
obstetrics and gynecology, which were all from blood sam-
ples. Why anaerobes were mainly collected from obstet-
rics and gynecology may be explained by the following rea-
sons. The vagina and urogenital tract are colonized with a
plethora of anaerobes, which are part of the normal flora
together with aerobes and facultative anaerobes. Patients
in the obstetrics and gynecology department sometimes
have colposcopies and surgery. It is possible that the col-
poscopy can result in the transference of anaerobes from
the urogenital tract to the bloodstream. The use of postop-
erative antibacterial agents also increases the risk of anaer-
obic infection. Bacterial vaginosis (BV) is the most com-
mon form of vaginal infection in women. The BV is of-
ten characterized by an overgrowth of Gardnerella vaginalis
and other anaerobic bacteria, such as Atopobium vaginae,
Bacteroides spp., Mobiluncus spp. and Prevotella spp. (25).

The infection rate of Trichomonas vaginitis has declined
in recent years and has been replaced by pathogenic infec-
tions, which may be another reason why the majority of
anaerobic bacteria were isolated from obstetrics and gyne-
cology. Therefore, it was necessary to remind practition-
ers in the obstetrics and gynecology department to pre-
operatively use anti-anaerobic drugs. After the obstetrics
and gynecology department applied our advice, metron-
idazole prophylaxis was used before some surgeries or col-

poscopies, and bloodstream infections by anaerobic bacte-
ria were indeed significantly reduced. The frequent iden-
tification of anaerobic infections in the general surgery
department is because of intestinal surgery, which facili-
tates anaerobic bacterial infections. Both the ICU and the
EICU care for seriously ill patients, and patients with se-
vere diseases are more likely to be infected with anaerobic
bacteria because of their weakened immunity. We found
that there was a significant difference in the anaerobes iso-
lated from the various departments. Patients suffer from
different diseases in each department. It stands to reason
that pathogenesis varies according to individual cases; the
types of sample also vary from person to person. These and
other factors cause the difference. If a large amount of data
about the characteristics of bacterial distribution in hos-
pitals can be gained, clinicians can make empirical judg-
ments according to the symptoms and examination.

5.1. Conclusions

The identification of anaerobic bacteria can be time-
consuming because of their strict environmental growth
requirements. However, anaerobes can cause many kinds
of severe infections and have received much attention. We
must improve anaerobic culture detection rates and en-
hance the monitoring of anaerobes in hospitals.
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