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CASE REPORT

Coinfection of Clostridium perfringens 
and Escherichia coli in gas‑producing perianal 
abscess diagnosed by 16S rDNA sequencing: 
a case report
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Abstract 

Background:  Gas-producing perianal abscess raises the possibility of clostridial infection, with Clostridium perfringens 
being the most common causative agent, which is highly lethal if untreated timely. As the treatment of clostridial 
infections often differs from that of non-clostridial infections, which they may closely resemble, the importance of 
accurate pathogenic organism identification cannot be overemphasized. The 16S rDNA of bacteria is highly con-
served within a species and among species of the same genus but demonstrates substantial variation between differ-
ent species, thus making it a suitable genomic candidate for bacterial detection and identification.

Case presentation:  Here, we report the case of a 53-year-old patient who was admitted to the hospital for a gas-pro-
ducing perianal abscess. The patient was managed with ceftizoxime and ornidazole and then received debridement 
and drainage at the lesion on the second day after admission. The bacterial cultures of the patient isolates from the 
debridement showed a coinfection of Escherichia coli and Enterococcus faecium. Although perianal redness and swell-
ing subsided obviously after the surgery, the patient was febrile to 38.3℃ with his left upper thigh red and swollen, 
aggravated with tenderness and crepitus. Considering insufficient debridement and the risk of incorrect identification 
of pathogens, a second debridement and drainage were performed 4 days after the primary operation, and 16S rDNA 
sequencing of the isolates implicated Clostridium perfringens infection. Given the discrepancies in diagnostic results 
and the treatment outcomes, Enterococcus faecium was identified as sample contamination, and a diagnosis of coin-
fection of Clostridium perfringens and Escherichia coli in gas-producing perianal abscess was confirmed. The patient 
was then successfully treated with meropenem and vancomycin and was discharged at 27 days of admission.

Conclusions:  This case represents the first report of coinfection of both clostridial and non-clostridial organisms in 
gas-producing perianal abscess and the first case reporting the use of 16S rDNA sequencing in the diagnosis of peri-
anal abscess. Timely pathogen identification is critical for treating gas-producing perianal abscess and an antibiotic 
regimen covering both aerobic and anaerobic organisms is recommended before true pathogens are identified.
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Introduction
Perianal abscess associated with subcutaneous gas is an 
uncommon alarming condition that raises the possibil-
ity of soft tissue infection caused by Clostridium species, 
with Clostridium perfringens being the most common [1, 
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2]. The diagnosis of Clostridium perfringens infection is 
essentially clinical, as this gram-positive, spore-forming, 
anaerobe can cause gas gangrene (clostridial myone-
crosis), which is a highly lethal, necrotizing infection of 
skeletal muscle and subcutaneous tissue. If untreated, the 
disease is 100% lethal, and it is 5 ~ 30% lethal with prompt 
diagnosis and appropriate treatment [2, 3]. However, 
considering the possibility of non-clostridial infections 
in gas-producing perianal abscess [4], the importance of 
pathogenic organism identification cannot be overem-
phasized, as the treatment of non-clostridial infections 
often differs from that of clostridial infections which they 
may closely resemble. Radical surgery may not be war-
ranted, penicillin may not be the antibiotic of choice, and 
hyperbaric oxygen is of equivocal value [4]. Timely diag-
nosis followed by aggressive surgical debridement and 
administration of bacteria-sensitive antibiotics are keys 
to reducing mortality and improving prognosis of gas-
producing perianal abscess [1].

In the last decade, as a result of the widespread use of 
PCR and DNA sequencing, 16S ribosomal DNA (rDNA) 
sequencing has played a pivotal role in the accurate iden-
tification of bacterial isolates in the clinic [5, 6]. The 16S 
rDNA gene is highly conserved within a species and 
among species of the same genus, but demonstrates sub-
stantial variation between different species [7]. Thus, it 
can be used as a new standard for the classification and 
identification of bacteria [8, 9]. Interrogating bacterial 
pathogens by this method has been extensively applied in 
primary research and clinical diagnosis [6, 9, 10]. Here, 
we report a case of initial diagnosis and treatment failure 
in a gas-producing perianal abscess patient coinfected 
by both clostridial and non-clostridial organisms, where 
16S rDNA sequencing was conducted to determine the 

mechanism of the initial failure. This study was per-
formed in accordance with the Helsinki Declaration of 
1964 and its later amendments. Ethical approval for this 
study was obtained from the Clinical and Research Eth-
ics Committee of the Second Hospital of Jilin University. 
Written informed consent and permission for publication 
of the clinical details has been obtained from the patient.

Case presentation
A 53-year-old male was admitted to the outpatient 
department of the Second Hospital of Jilin University in 
February 2020, with swelling and pain on his left hip and 
proximal thigh, which he stated as having been develop-
ing over 5 days and aggravated with fever for 1 day. There 
was no history of trauma, and the patient was febrile 
(37.8 ℃). On physical examination, extensive redness and 
swelling spreading from the patient’s left buttocks to the 
thigh root could be seen at the lithotomy position, with 
high skin temperature and obvious tenderness; perianal 
connective tissue was detected protruding from the anus, 
and extensive soft tissue bulges were palpable on digital 
rectal examination, with obvious tenderness and a sense 
of fluctuation at the 6 o’clock position.

Ultrasound of the left buttocks showed the echo of 
abnormal soft tissue with a thickened subcutaneous 
layer and multiple low to anechoic stripe and flaky zones, 
where the most extensive area was 1.9  cm × 1.1  cm 
(Fig. 1A). A CT scan was obtained to further define the 
extent and nature of the lesion, confirming multiple 
patchy liquid and gas density shadows in the bilateral rec-
tal sphincter space, bilateral ischiorectal space, left hip 
and left thigh root muscle space, with gas–liquid planes 
detected in the left hip, and the rectum wall was discon-
tinuous at 6 o’clock (Fig. 1B). Blood examination revealed 

Fig. 1  Ultrasound and CT images of the buttocks showing gas-producing perianal infection. A Anechoic area (1.9 cm × 1.1 cm) detected by 
ultrasound with a thickened subcutaneous layer. B Multiple liquid and gas zones (red arrows) and gas–liquid planes detected in the muscle spaces 
in the left hip on the transaxial CT plane
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that the white blood cell count reached 16.4 × 10^9/L, 
with 15.7 × 10^9/L and 92.2% for neutrophils.

The patient was then diagnosed as gas-producing 
perianal abscess and admitted to the surgical ward with 
preparation for open surgery. The patient’s blood was 
collected for blood culture examination (5 ml cultivated 
for 5 days in BacT/ALERT FA culture bottles and BacT/
ALERT FN culture bottles for aerobic and anaerobic 
bacteria detection, respectively, using BacT/ALERT 3D 
Microbial Detection Systems (BioMerieux Ltd., France)), 
and then the patient was managed with intravenous flu-
ids and broad-spectrum antibiotics (ceftizoxime (2.0 g i.v. 
q12h), ornidazole (0.5 g i.v. q24h)) for empirical antibiotic 
therapy. On the second day after admission, the patient 
underwent extensive surgical debridement of the peria-
nal abscess, revealing multiple pockets of necrotic tissue. 
The left hip and the proximal thigh were also debrided at 
multiple points where the undulations were noticeable, 
and then necrotic tissue was excised with drains put in 
place following the standard principles[11]. Over 30  ml 
of slightly turbid pus was released, and one intraoperative 
tissue specimen was sent for bacterial culture.

Although the perianal redness and swelling subsided 
obviously 2 days after the procedure, the patient was still 
febrile (38.3℃) with his left upper thigh continuing to be 
red and swollen, aggravated by tenderness and crepitus. 
CT of the left thigh showed extensive swollen soft tis-
sue and massive gas density visible in the muscle space 
extending to the knee (Fig.  2A). An MRI was obtained 
to further confirm that soft tissue damage and gas and 
fluid signals could be detected between the subcutane-
ous tissue and muscle spaces through the left upper thigh 
(Fig. 2B). Blood was collected again for a culture test.

Considering insufficient debridement and the risk of 
incorrect identification of pathogens, the Division of 
Gastrointestinal Surgery and Orthopedics performed 
debridement of the left upper thigh together on the 
4th day after the primary operation. A large amount of 
inflammatory and necrotic fascia and muscle tissue was 
excised.VSD (Vacuum Sealing Drainage) equipment 
was used for closing the wound and constant drainage. 
Anti-infection and supportive treatment were continued 
after the operation, combined with 800,000 UI gentamy-
cin in 3000 ml of 0.9% NaCl for constant irrigation. The 
debridement tissue was sent for bacterial culture again 
and a 16S rDNA sequencing test.

While the blood culture tests continued to be nega-
tive, the first sample taken intraoperatively was positive 
in the bacterial culture test, and later identified as coin-
fection of Escherichia coli and Enterococcus faecium by 
conventional phenotype methods using the COMPACT 
VITEK2 identification system (BioMerieux Ltd., France) 
1  day after the second debridement [12]. Drug sensitiv-
ity tests determined that the isolated Escherichia coli was 
sensitive to amikacin, ampicillin, ampicillin-Sulbactam, 
aztreonam, cefazolin, cefepime, cefotetan, ceftazidime, 
ceftriaxone, cefuroxime, ciprofloxacin, gentamicin, imi-
penem, levofloxacin, meropenem, piperacillin, tobramy-
cin, and trimethoprim, while the isolated Enterococcus 
faecium was sensitive to ampicillin, ciprofloxacin, eryth-
romycin, high-level gentamicin, levofloxacin, linezolid, 
penicillin-G, tetracycline, tigecycline, and vancomycin. 
Although the specimen from the second surgery was neg-
ative in the bacterial culture test, the bacterial 16S rDNA 
from the patient sample was detected by PCR amplifica-
tion with the 16S rDNA Bacterial Identification PCR Kit 

Fig. 2  CT and MRI images showing gas-producing infection area changes in the left upper thigh. A CT coronal plane of the left thigh showed 
massive amounts of gas visible in the muscle space (red arrows); B corresponding to the CT image, MRI showed massive gas signals in the muscle 
space (red arrows); C MRI showed gas in the left thigh that disappeared after adjustment of the antibiotic regimen according to the 16S rDNA 
sequencing results, with the pink arrows pointing to the VSD equipment inserted in the lesion
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(Code No. RR176, TaKaRa, China). The sequence of the 
forward primer was 5′-GAG​CGG​ATA​ACA​ATT​TCA​
CAC​AGG​-3′, and the sequence of the reverse primer 
was 5′-CGC​CAG​GGT​TTT​CCC​AGT​CAC​GAC​-3′. PCR 
results showed that there was an apparent PCR product 
of approximately 1600  bp representing the full-length 
16S rDNA found in agarose gel (Fig. 3A). To clarify the 
classification of bacteria, DNA sequencing of this PCR 
amplicon was performed by the Sanger sequencing 
method [13]. The chromatogram of 16S rDNA sequenc-
ing with different sequencing primers showed a single 
peak, indicating that one bacterial 16S rDNA fragment 
was present among PCR products (Fig.  3B). The bacte-
ria were identified by searching and comparing the 16S 
rDNA sequences (see Additional file  1) using the Silva 
database (https://​www.​arb-​silva.​de/​align​er), which indi-
cated that the bacteria have a 99% identity classification 

for Clostridium perfringens (Fig.  3C), and the phyloge-
netic tree was established by using the Basic Local Align-
ment Search Tool (BLAST) offered by the National 
Centre for Biotechnology Information (NCBI) database 
(https://​blast.​ncbi.​nlm.​nih.​gov) and confirmed that the 
isolate was most closely related to Clostridium perfrin-
gens (Fig. 3D).

Due to the detection of Clostridium perfringens by 
16S rDNA sequencing, the antibiotic regimen was then 
adjusted according to the results of drug sensitivity tests 
following bacterial cultures and DNA sequencing tests: 
meropenem (1 g i.v. q8h) and vancomycin (1 g i.v. q12h). 
The pain, redness, and swelling of the perianal area and 
left upper thigh continued to be relieved by this regimen. 
MRI indicated that although the soft tissue of the left 
thigh was obviously thickened, no obvious abnormal sig-
nal between/in the muscle and bone tissue was detected 

Fig. 3  16S rDNA PCR and DNA sequencing results and identification of bacteria. A Results of agarose gel electrophoresis of 16S rDNA PCR products; 
M: DNA Marker, the size of DNA marker from top to bottom are 2000 bp, 1000 bp, 750 bp, 500 bp, 250 bp, 100 bp; S: 16S rDNA of the sample 
isolated from the patient. B Chromatogram of 16S rDNA sequencing with different sequencing primers; B-1 forward primer; B-2 reverse primer. 
C Silva bacterial database query results using 16S rDNA sequencing of the sample. D The phylogenetic tree of the 16S rDNA sequence from the 
sample established with the NCBI BLAST database

https://www.arb-silva.de/aligner
https://blast.ncbi.nlm.nih.gov
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(Fig.  2C). Twelve days after the second debridement, 
another operation was performed again to remove the 
VSD equipment and close the wound. The blood exami-
nation taken on the 3rd and 5th days postoperatively 
showed no inflammation and the anti-infective treatment 
was then stopped. After another 3 days of close observa-
tion, the patient was discharged at 27 days of admission, 
and recovered well without adverse complaints at the 
time of 1-month follow-up.

Discussion and conclusions
Although clostridial infection is the most likely reason 
for gas-producing perianal abscess, non-clostridial infec-
tions cannot be overlooked[4, 14]. The underlying micro-
biology of this patient’s aggressive perianal infection was 
first investigated clinically by conventional modalities. 
While the blood cultures remained negative, the first 
culture of debridement material indicated coinfection 
of Escherichia coli, which is one of the most common 
aerobic organisms resulting in perianal abscess [15], and 
Enterococcus faecium, leading to a provisional diagnosis 
of non-clostridial gas-producing perianal infection [1, 4]. 
However, in contrast to the negative result of the second 
culture of debridement tissue, molecular testing by 16S 
rDNA gene sequencing was positive for an entirely differ-
ent organism, confidently identified as Clostridium per-
fringens. Meanwhile, considering that the initial antibiotic 
regimen was invalid against Enterococcus faecium, which 
originates in the gastrointestinal tract [16], the negative 
result of the second culture most likely indicated the pos-
sibility of sample contamination during the debridement 
and material collection procedures. When taking into 
account the results of the drug sensitivity test performed 
on the isolated Escherichia coli and the short-term clini-
cal symptom improvement after the first debridement, 
the negative results of the second culture and 16S rDNA 
gene sequencing to detect Escherichia coli likely indi-
cated the elimination of this pathogen by the initial anti-
biotic treatment and debridement surgery. Given these 
discrepancies in diagnostic results, although the possibil-
ity that Escherichia coli was also a contaminating bacteria 
could not be completely ruled out, a diagnosis of coinfec-
tion by Clostridium perfringens and Escherichia coli was 
favored by the inpatient team due to the severity of the 
infection and because it penetrated through tissue spaces 
with myonecrosis [2], leading to election of an antimicro-
bial therapy expected to cover both aerobic and anaero-
bic organisms broadly. To the knowledge of the authors, 
coinfection by clostridial and non-clostridial organisms 
in the gas-producing perianal abscess has never been 
reported.

The 16S rDNA sequence represents a suitable genomic 
candidate for bacterial detection and identification, as 

the sequences of some regions of the 16S rDNA are 
homologous in all bacteria, while other regions of this 
gene show considerable variation between species [7, 
17]. For pathogen identification, 16S rDNA sequenc-
ing is particularly important in the case of bacteria with 
unusual phenotypic profiles, rare bacteria, slow-grow-
ing bacteria, uncultivable bacteria and culture-negative 
infections [5]. Here, 16S rDNA sequencing, for the first 
time, was employed to more directly detect the bacteria 
comprising the patient’s perianal infection by sequenc-
ing bacterial genes amplified from patient material. In 
disagreement with conventional bacterial culture results, 
the 16S rDNA sequencing alignment results indicated 
Clostridium perfringens. Given this molecular finding, 
the failure to detect Escherichia coli by the second cul-
ture most likely reflects the destruction of the organism 
in response to antibiotic therapy prior to sample collec-
tion, although the sensitivity of 16S rDNA sequencing 
might be superior to that of culture in cases with antibi-
otic exposure [18, 19]. Meanwhile, the negative culture 
results of Clostridium perfringens may reflect the selec-
tive lysis of the pathogen resulting from exposure of the 
sample to air during sample processing, although patient 
specimens that arrived at the laboratory were appropri-
ately transported for anaerobic organisms, or the strain 
failed to grow outside dedicated anaerobic enrichment 
medium [10]. Thus, disparate laboratory diagnoses were 
confirmed independently and amalgamated into a sin-
gle, more comprehensive result showing coinfection of 
Clostridium perfringens and Escherichia coli.

Although the culture of debridement material and 
DNA sequencing modalities indicated polymicrobial 
infection, it is essential to note that there could be some 
other conventional methods that are helpful for identi-
fying the organisms. Gram staining of Clostridium will 
show large gram-positive rods, with a paucity of leu-
kocytes (as is typical of anaerobic infections) [2], while 
Escherichia coli shows gram-negative rods, and Ente-
rococcus faecium shows gram-positive cocci [20, 21]. 
In this case, the medical group did not perform Gram 
staining due to the clinical laboratory chaos caused by 
the coronavirus disease 2019 (COVID-19) outbreak at 
the beginning of last year [22, 23]. However, because 
cellular morphology and arrangement are insufficient 
for differentiating the species directly, Gram strains, 
although efficient and compensatory, are sometimes 
the only distinguishing characteristic while cultures 
and subsequent drug sensitivity experiments are still 
the conventional critical tests for early and accurate 
pathogen diagnosis. Considering the risk of clostridial 
infection and the possibility of non-clostridial infection 
in gas-producing perianal abscess, an antimicrobial 
therapy covering both aerobic and anaerobic bacteria 
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was used by the authors and should be recommended 
in such cases before an accurate diagnosis is made. This 
may also help to explain why the clostridial perianal 
infection was controlled effectively without hyperbaric 
oxygenation, which is commonly suggested in the man-
agement of gas gangrene [2, 24].

This case represents the first report of coinfec-
tion of both clostridial and non-clostridial organisms 
in gas-producing perianal abscess and highlights the 
importance of using 16S rDNA sequencing to make 
an accurate diagnosis in patients with gas-producing 
perianal abscess. Although Gram staining and cultures 
are still commonly used for characterizing and differ-
entiating species, to improve the sensitivity of patho-
logical organism detection, especially for anaerobes, 
16S rDNA sequencing should be considered to ensure 
timely diagnosis and treatment. Before true pathogens 
are identified, an antibiotic regimen covering both 
aerobic and anaerobic organisms is recommended for 
treating gas-producing perianal abscess.
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