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Metagenomic NGS optimizes the use of antibiotics  
in appendicitis patients: bacterial culture is  
not suitable as the only guidance
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Abstract: Background: Previous treatment guidelines have suggested that bacteria are associated with the sever-
ity of appendicitis, and the use of postoperative antibiotics should be guided according to the bacteria culture 
results derived from intraoperative samples. However, this approach has many limitations. Patients were com-
monly administrated antibiotics during the perioperative period, which can lead to inaccurate culture result. Aim: 
To assess the relationship between pathogenic bacteria and appendicitis and optimize the process of antibiotic 
selection. Methods: A nonconsecutive case series analysis was conducted from January to July 2017. Nineteen pa-
tients were divided into two groups according to their postoperative histological results (Non-perforated: phlegmon-
ous/Perforated: gangrenous, n = 9/10) and postoperative bacterial culture results (Negative/Positive, n = 8/11). 
Patients were administrated same antibiotics during the perioperative period. During appendectomy, the diseased 
appendixes were collected, and whole metagenomic sequencing was used to identify the pathogenic bacteria in the 
specimens. Conventional technology was used to culture bacteria from appendix samples. Results: We identified 
361 species in the appendix samples. Six species in the appendix samples had relative abundances > 5%. No signif-
icant differences were observed in the bacterial composition of the two assayed groups. In particular, according to 
the grouping of culture results, the sequencing analysis results were completely different from those of the culture-
based method. Conclusion: In clinical practice, because patients are regularly administrated antibiotics during the 
perioperative period, these antibiotics inevitably affect the results of bacterial culture. Therefore, bacterial culture 
results are not suitable for exclusively guiding the use of antimicrobial agents after appendicitis. Next-generation se-
quencing has numerous advantages, such as precisely characterizing the profiles of microbiota and their antibiotic 
resistance in appendicitis patients. Based on the above results, we propose that a combination of bacterial culture 
and next-generation sequencing should be used to improve the efficacy of antibiotic therapy.
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Introduction

Acute appendicitis (AA) is the most common 
surgical emergency, and after hundreds of 
years of research, surgeons have a consider-
able understanding of this disease. Appen- 
dectomy is recommended as the first choice for 
various types of appendicitis. However, it is dif-
ficult to explain why the severity and symptoms 
of AA patients vary despite exhibiting almost 
the same course of illness. A recent theory has 
suggested that the local microbiota is respon-

sible for the occurrence and evolution of appen-
dicitis [1-5]. Matthew B. Rogers reported that 
the appendixes collected from children with  
AA harbored populations of fusobacteria, which 
are generally absent in fecal samples from 
healthy adults and children and likely contrib-
ute to the pathogenesis of appendicitis [6]. In  
a 16S ribosomal RNA (rRNA) gene sequence 
analysis-based study, Zhong et al. observed 
that appendicitis samples contained an incre- 
ased abundance of Fusobacterium spp. and 
other pathogens commonly detected in the or- 
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al cavity, while non-appendicitis samples con- 
tained a reduced abundance of Bacteroides 
spp. [7]. Alexander Swidsinski’s group applied 
rRNA-based fluorescence in situ hybridization 
to investigate sections of 70 appendixes, and 
their results supported the hypothesis that the 
local microbiota was responsible for the occur-
rence and development of appendicitis [8]. 
However, some scholars believe that there is no 
correlation between local microbiota and the 
grade of inflammation [9]. Moreover, it is diffi-
cult to explain why although the results of bac-
terial cultures were different, patients recov-
ered similarly after treatment with appendec-
tomy. At present, the relationship between the 
varying degrees of clinical symptoms and differ-
ent intestinal microbial environments remains 
unclear, since the detection of appendicitis-
causing pathogenic bacteria has been primarily 
based on bacterial culture methods. Patients 
were administrated antibiotics during the peri-
operative period commonly, which can lead to 
inaccurate culture result. However, the develop-
ment and use of next-generation sequencing 
(NGS) approaches for the detection of patho-
genic bacteria have obvious advantages and 
allow for the relationship between clinical mani-
festations and pathogenic bacteria to be stud-
ied in greater depth.

Currently, the methods used to detect patho-
genic microorganisms include bacterial culture, 
16S rRNA gene sequencing, fluorescence in 
situ hybridization (FISH) and metagenomic se- 
quencing. All of these methods have certain 
limitations; specifically, culture-based appro- 
aches can only detect 1% of living bacteria, and 
16S rRNA gene sequencing can identify patho-
genic bacteria to the genus level but may not be 
able to identify species. Moreover, FISH cannot 
achieve 100% hybridization. As the cost of NGS 
technology continues to decrease, metage-
nomic sequencing can be increasingly used to 
detect pathogenic microorganisms. Metage- 
nomic sequencing can detect 99% of the stud-
ied microbes and provide results that are accu-
rate at the species level. Due to its many advan-
tages, metagenomic sequencing shows prom-
ise as a sensitive and rapid method to investi-
gate host microbiomes.

To study the effects of pathogenic bacteria on 
appendicitis, we grouped patients according  
to postoperative pathology and postoperative 

routine bacterial culture results. First, perfo-
rated and non-perforated appendicitis may be 
of different types and different pathological 
processes [10], and the current treatment 
strategies used for these two types of appendi-
citis are different. Thus, it is necessary to ana-
lyze the bacterial composition of appendicitis 
for these two types of pathology. Second, 
appendicitis with positive and negative bacte-
rial culture results may have different bacterial 
compositions. The results of bacterial culture 
have long been used as a guide for antibiotic 
use. However, the bacterial culture method has 
limitations, and it is necessary to group these 
results and use NGS methods to comprehen-
sively compare the composition of bacteria. 
Therefore, in the present study, we analyzed 
the relationship between the classification of 
appendicitis and metagenome sequencing re- 
sults to promote the use of metagenome se- 
quencing to improve treatment strategies for 
appendicitis.

Methods

Study design and participants

We conducted an observational and noncon-
secutive case series analysis from March 2017 
to July 2017. Data were collected from the clini-
cal database of the Fifth Affiliated Hospital of 
Southern Medical University. Preoperative diag-
nosis was based on medical history, physical 
examination, routine blood results and ultra-
sound. Postoperative pathology confirmed the 
preoperative diagnosis. After the surgeon sus-
pected the diagnosis of AA, all patients receiv- 
ed the same treatment, including second-gen-
eration cephalosporin therapy and a laparo-
scopic appendectomy. During the observation 
period, patients undergoing laparoscopic app- 
endectomy for AA were preoperatively enrolled 
in the study. Patients with chronic diseases 
associated with other physiological systems, 
multiple infections, or low immune function 
were excluded from the study. We grouped the 
patients according to the results of postopera-
tive pathology and routine bacterial culture. 
The details of the subjects are outlined in 
Tables 1 and 2. All laboratory tests were con-
ducted in the BGI-Guangzhou Medical Labo- 
ratory. The Ethical Committee of the Fifth 
Affiliated Hospital of Southern Medical Uni- 
versity reviewed the study details and con-
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firmed that all methods were performed in 
accordance with the relevant guidelines and 
regulations (NYWY201804). Before any patient 
was enrolled in the study, we ensured that he  
or she sufficiently understood the study. All of 
the appendix specimens from our cases were 
examined by routine culture. According to the 
ethical approval guidelines, the subjects did 
not need to sign any written consent because 
all additional tests were conducted on the left-
over specimens from routine microbiological 
examinations. The statistical analysts were 
blind to the identity information of the patients, 
and the sample information was grouped by 
specific identification codes.

Sample acquisition

During the laparoscopic appendectomy, the 
appendix was removed through trocar holes, 
after which the appendix tissue was dissected 
into 3 subsamples and stored in aseptic tubes. 
One piece was used for bacterial culture, one 
piece was histopathologically examined, and 
the other piece was stored in a sterile tube at 
-80°C for use in subsequent whole metage-
nomic sequencing analyses.

Culturing of appendix sample

The appendix tissue was cut into small pieces 
and diluted with pre-reduced phosphate-buff-
ered saline (PBS) to approximately 109 CFU/ml. 
The debris was precipitated briefly with 5 min 
standing at room temperature. A 100 µl of the 

DNA was extracted from the appendix sampl- 
es using a TIANamp Micro DNA kit (DP316, 
TIANGEN Biotech, Beijing, China) and a DN- 
easy® Blood & Tissue kit (69504, Qiagen, 
Hilden, Germany) according to the manufactur-
ers’ recommendations. DNA libraries were sub-
sequently constructed through fragmentation, 
end repair, adapter ligation and PCR amplifica-
tion. An Agilent 2100 bioanalyzer (Agilent, 
Santa Clara, USA) was used to assess the qual-
ity of the DNA libraries, and libraries of suffi-
cient quality were sequenced using the BGI- 
SEQ-500 platform (BGI, Shenzhen, China) [11, 
12]. We used conventional microbiological te- 
chniques to culture bacteria from the appendix 
samples [13, 14].

Identification of bacterial sequences

An average of 46,439,586 sequence reads per 
sample was generated. High-quality sequenc-
ing data were obtained by removing low-quality 
and short (length < 35 bp) reads, followed by 
the subtraction of human host sequences 
mapped to the indicated human reference 
genome (hg19) using the Burrows-Wheeler 
Aligner (BWA) [15]. Reads with low complexity 
were identified using PRINSEQ [16] with the 
parameters “-derep 14 -derep_min 100 dust-
threshold = 7” and then removed. The BWA was 
used to search for putative bacterial matches 
for the remaining reads against the bacterial 
and microbial genome databases, which were 
downloaded from the National Center for Bio- 
technology Information (NCBI) RefSeq data-

Table 1. Study population based on intraoperative explo-
ration combined with postoperative histological examina-
tion results

Histological type
Appendicitis categorized by histological type

Non-perforated:  
phlegmonous (N = 9)

Perforated:  
gangrenous (N = 10)

Age 37 (14-64) 36 (7-62)

Table 2. Study population on the basis of bacterial culture 
results

Bacterial culture
Appendicitis categorized by bacterial culture
Negative (N = 8) Positive (N = 11)

Age 30 (7-64) 41 (14-63)
Table 2 Escherichia coli were detected in all bacterial culture samples, 
and Klebsiella pneumoniae was detected in one of them. Values are 
presented as the median (min-max) or as the absolute number of 
patients.

supernatant was spread on agar plates 
of each medium, and the plates were 
incubated in the anaerobic glove box 
UM-017 Bugbox Plus at 37°C for 24 h. 
We selected 3 types of media (Co- 
lumbia blood agar medium, Nutrient-
Broth-Medium and Sabouraud plate) 
for bacterial culturing under 4 different 
conditions. For Sabouraud plate, the 
spread plates were incubated at 37°C 
with an Anaero Pack for microaerophil-
ic culture at 37°C for 72 h and aerobic 
culture at 37°C for 24 h, respectively. 
GP identification card was used for 
gram-positive cocci and GN identifica-
tion card was used for Gram-negative 
bacteria.

Sample processing and sequencing
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Figure 1. Genus-level taxonomic profiles of the microbiomes from the appendix samples.

base [17]. This database contains 1,494 ba- 
cterial genomes or scaffolds associated with 
human diseases. Reads with unique bacterial 
hits were retained for the next comparative 
analysis.

Statistical analyses

To increase the reliability of the results, species 
with less than 10 reads per 20,000,000 reads 
within each sample were filtered. To account for 
potential variations in sequencing efficacy, we 
transformed read abundances into percentag-
es based on the total number of high-quality 
mapped sequences within each sample at all 
taxonomic levels of classification, namely, the 
phylum, genus and species levels. These nor-
malized percentages were used in all subse-
quent data and statistical analyses. All statisti-
cal analyses were performed using the R soft-
ware environment (R 3.5.2 for Windows). The 
evenness index was calculated using the for-
mula E = S/log(R), where S is the Shannon 
diversity index and R is the number of opera-
tional taxonomic units (OTUs) in the sample 
(richness) [18]. In the boxplots, the black cen-
tral lines represent the median, and the box 
edges represent the first and third quartiles. 
Differences between groups were calculated 
with the Wilcoxon rank-sum test. Principal coor-
dinate analyses (PCoAs) were conducted using 
species abundance profiles. These results we- 
re confirmed with a permutational multivariate 
analysis of variance (PERMANOVA) that result-
ed in increased pseudo-F and R2 values. These 
analyses were performed in R using the vegan 
library with 999 permutations and the Eucli- 
dean distance method. Significant differences 
between the case and control groups in genus 

and species abundances were assessed using 
the Wilcoxon rank-sum test with a significant 
p-value threshold of less than 0.05.

Results

Participants

Twenty-one patients diagnosed with appendici-
tis were included in the study, and appendix 
samples were collected from 19 subjects. 
Detailed information for the included patients 
is provided in Table 1 (grouped by postopera-
tive histological results) and Table 2 (grouped 
by bacterial culture results).

Taxonomic profiles of appendix microbiomes

Genus level: One hundred ninety-four genera 
were identified in the appendix samples, with 
six genera exhibiting relative abundances >  
5%, including Bacteroides (30.8%), Odoribac- 
ter (8.0%), Escherichia (6.4%), Porphyromonas 
(6.1%), Tannerella (5.3%) and Shigella (5.1%) 
(Figure 1).

The bar graph was generated by the script 
developed by BGI in the R software environ-
ment. Each vertical bar represents a unique 
sample. Samples were ordered by different 
groups shown below the figure. The y-axis rep-
resents the relative abundance of each genus. 
The vertical bars of the graph are grouped 
according to bacterial culture results and divid-
ed into Positive (case) and Negative (control). 
Only the top 11 genera were plotted. After filter-
ing, no bacteria were detected in one of the 
negative group; therefore, this sample is not 
shown. 

Species level: Three hundred sixty-one species 
were identified in the appendix samples, six of 
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which had relative abundances > 5%, including 
Bacteroides fragilis (17.1%), Bacteroides the-
taiotaomicron (10.3%), Odoribacter splanchni-
cus (8.0%), Porphyromonas gingivalis (6.1%) 
and Tannerella forsythia (5.3%) (Figures 2 and 
3).

Figures 2A and 3A show Alpha-diversity (Shan- 
non-Wiener) indices in the different groups. 
Each p-value obtained by the Wilcoxon rank-
sum test is reported in the boxes denote the 
interquartile range (IQR) between the 25th and 
the 75th percentile (first and third quartiles), 
and the central line represents the median. 
Figures 2B and 3B show Euclidean distance 
principal coordinate analysis (PCoA) of species-
level taxonomic profiles. The proportion of vari-
ance explained by each principal component is 
denoted in the corresponding axis label.

The top 10 most abundant bacterial species 
detected by the whole metagenomic sequenc-
ing-based approach are shown in Table 3. Since 
no significant difference was observed between 
the culture positive and negative groups, these 
data were combined. These data may allow 
pharmacists to make better decisions.

Discussion

Appendicitis is an acute abdomen disease 
caused by bacterial infection. The treatment of 
appendicitis consists of surgical removal of the 
appendix and antibiotic administration. For 
non-perforated appendicitis, antibiotic treat-
ment plays an important role in preventing 
postoperative wound infection and intraperito-
neal abscess and avoiding chronic appendici- 
tis [19, 20]. It has been reported that patients 
who have received an emergency appendecto-
my should accept preventive antibiotic therapy 
[21, 22]. Several studies  have proposed guide-
lines for the selection of antibiotic therapy for 
appendicitis patients [22-24]. Berríos-Torres et 
al. suggested that it is not necessary to admin-
ister appendicitis patients with antibiotic treat-
ment postoperatively [25]. However, for perfo-
rated appendicitis, antibiotic therapy is neces-
sary. Empirical antibiotic therapy should treat 
gram-negative bacilli and anaerobic bacteria, 
and the antibiotics used should be adjusted 
according to the results of bacterial culture, 
which is in accord with most reports. However, 
due to the limitation of technology, only 1% bac-
teria can be successfully cultured. As shown in 

Table 3, Escherichia coli could be cultured in all 
samples and was not the most abundant bacte-
rium in either the culture positive or negative 
groups. Furthermore, we are skeptical of the 
negative culture results because they may 
result from limitations of the culture method or 
the use of antibiotics. Even a positive culture 
result may not fully reflect the bacterial com- 
position because, according to the guideline 
based on the results of bacterial culture, antibi-
otics were used before surgery. Finally, bacteri-
al culture requires a great deal of time, longer 
than what is acceptable in some instances. 
Currently, antibiotics are chosen based on cul-
ture results for postoperative patients, which is 
probably not appropriate. From our perspec-
tive, surgeons should monitor the changes in 
bacterial composition and abundance so that 
better decisions can be made for patients. 
Therefore, in the present study, we used NGS  
to examine bacteria in the guts of patients to 
completely characterize appendicitis-associat-
ed pathogenic bacteria. Our results showed 
that the NGS results were not in accord with 
those of bacterial culture, further suggesting 
that bacterial culture has limits in guiding the 
use of antibiotics in clinical practice.

By using NGS, we did not observe any signifi-
cant difference between the bacterial culture 
negative and positive groups or between the 
phlegmonous and gangrenous groups. Jackson 
et al. extracted DNA from the microbiota of 
non-perforated and perforated appendixes for 
use in 16S rRNA gene sequencing analysis and 
observed a significant difference between non-
perforated and perforated samples [26]. Salö 
et al. conducted a study of 3 control samples, 
11 phlegmonous samples, 4 gangrenous sam-
ples and 4 perforated samples. They also uti-
lized 16S rRNA gene sequencing but did not 
observe a significant difference among the dif-
ferent groups [9]. Our results demonstrated 
that there was not significant difference in the 
microbiota between the non-perforated and 
perforated appendicitis groups, suggesting th- 
at antibiotic selection does not need to be 
altered based on bacterial culture results. 
However, we advise that medical institutions 
should use NGS to regularly reanalyze the 
microbiota spectrum of appendicitis patients 
and assess the presence of drug resistance 
genes to allow for antibiotic treatments to be 
adjusted in a timely manner.
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Figure 2. A. According to postoperative histological type, the samples were divided into Perforated: gangrenous group (n = 10) and Non-perforated: phlegmonous 
group (n = 9). Although it is greater than 0.05 for the P values of richness, Shannon evenness and Shannon Wiener diversity, no significant differences were ob-
served in the bacterial composition. B. Alpha- and beta-diversity comparison of the samples grouped by histological type. Red and green represent patients with 
perforated (case) and non-perforated (control) appendicitis, respectively. 
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Figure 3. A. According to bacterial culture results, the samples were divided into Positive group (n = 11) and Negative group (n = 8). Although it is greater than 0.05 
for the P values of richness, Shannon evenness and Shannon Wiener diversity, no significant differences were observed in the bacterial composition. B. Alpha- and 
beta-diversity comparison of the samples grouped by bacterial culture results. Red and green represent patients who were positive (case) and negative (control) for 
appendicitis, respectively.
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Specifically, completely excising lesions of the 
appendix and eliminating all the intraperitoneal 
effusion are the most important tasks in the 
treatment of appendicitis. Different acute ab- 
domen infections harbor different bacterial 
species. Because of the similar bacterial spe-
cies, appendicitis has similar pathogenesis am- 
ong individuals [27]. In the light of all the above 
deficiencies, it is difficult to make an optimal 
decision on antibiotic usage based on bacterial 
culture results alone. Moreover, bacterial spe-
cies and drug resistance genes change over 
time. Antibiotic resistance determinants are 
encoded by several genes, many of which can 
be transferred between bacteria [28, 29]. Thus, 
NGS should be used to examine drug resis-
tance genes at a regular interval to adjust the 
choice of antibiotics. However, the cost of NGS 
is high, making it difficult to use in all patients.

Based on the results of the present study and 
those of previous studies, we propose that a 
combination of NGS and bacterial culture tech-
nology should be used to guide treatment of 
appendicitis. NGS can be used to examine the 
bacterial species present in the appendix and 
analyze their drug resistance profiles. Before 
empirical antibiotic treatment of appendicitis 
patients, bacterial culture should be perform- 
ed to assess refractory infections and evaluate 
the species of bacteria present throughout the 
treatment period. The combination of NGS and 

with the current clinical situation. Before we 
collected the samples, all patients had already 
accepted antibiotic treatment, which may also 
have affected the results of our study. Thus, 
samples without antibiotic treatment should be 
evaluated to avoid alterations in the composi-
tion of the gut microbiota of appendicitis pa- 
tients. However, performing such an analysis 
would be impossible, since antibiotic treat- 
ment is an important part of the standard treat-
ment of appendicitis patients. Moreover, our 
analysis was based on DNA, which is stable 
enough to resist the influence of antibiotics. 
After bacteria are killed by antibiotics, their 
DNA can still be examined, although its copy 
number would decrease over time. The interval 
between antibiotic administration and surgery 
was quite short, which guaranteed the inte- 
grity of DNA and the reliability of our results. 
Since the time between antibiotic administra-
tion and surgery was short, it is unlikely that 
antibiotic administration would have substan-
tially altered our results.

Conclusion

In our present study, we divided appendicitis 
patients into non-perforated and perforated 
appendicitis groups. Surgical excision is still 
the gold standard in appendicitis treatment, 
and antibiotic administration plays an impor-
tant role in preventing preoperative wound in- 

Table 3. Top 10 most abundant bacterial species detected 
by NGS
Species Culture positive Culture negative
Shigella dysenteriae 0.00028 0.024359
Escherichia fergusonii 0.000362 0.024747
Escherichia coli 0.001924 0.037056
Streptococcus constellatus 0.02913 0.034143
Klebsiella pneumoniae 0 0.039488
Klebsiella variicola 0 0.024776
Morganella morganii 0.047511 0.047511
Bacteroides xylanisolvens 0.03085 0.067361
Tannerella forsythia 0.07353 0.078547
Odoribacter splanchnicus 0.077448 0.180031
Streptococcus anginosus 0.056816 0.058706
Bacteroides thetaiotaomicron 0.069636 0.18821
Faecalibacterium prausnitzii 0.054137 0.073353
Porphyromonas gingivalis 0.120998 0.257946
Bacteroides fragilis 0.135933 0.324893

bacterial culture will improve the 
effects of treatments and the use  
of medical resources. From the per-
spective of pharmacists, we suggest 
regular monitoring of the top 10 ab- 
undant bacteria to provide evidence 
that allows them to make antibiotic 
prescription recommendations.

Our research has several limitations. 
First, the sample size of our study 
was small. We collected samples 
from 22 patients, which may affect 
the reliability of our results. However, 
we utilized NGS in our research, rath-
er than 16S rRNA gene sequencing, 
and we performed metagenomic se- 
quencing to evaluate all the genes 
present to the fullest extent possible. 
The second limitation of our research 
was the use of antibiotics. Pre- 
operative use of antibiotics is in line 
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fection and intraperitoneal abscess. Traditio- 
nally, suitable antibiotics are typically chosen 
according to the results of bacterial culture. 
However, because bacterial culture has several 
disadvantages, such as being time-consuming 
and having a low positive rate, and because 
patients were regularly administrated antibiot-
ics during the perioperative period, which ine- 
vitably affected bacterial culture results, we 
believe that bacterial culture is not suitable as 
the sole guideline for antibiotic administration. 
Our findings demonstrated that compared with 
bacterial culture, NGS can characterize the pro-
files of microbiota of appendicitis patients mo- 
re precisely and can also analyze drug resis-
tance. Furthermore, the results can be ratio-
nally applied based on current antibiotic admin-
istration analysis. Since the cost of bacterial 
culture is relatively low, we apply it to all the 
appendicitis patients to analyze the refractory 
infection and the retrospective analysis of 
empirical antibiotic treatment throughout the 
hospitalization. The combination of two tech-
nologies will optimize the treatment of appen- 
dicitis. Furthermore, in a future study, we 
should increase our sample size and further 
verify our findings.
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