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Purpose: To explore the distribution of pathogenic bacteria in patients with intra-abdominal
infection, to clarify the independent factors that affect the prognosis of patients with intra-
abdominal infection and its evaluation value for prognosis.

Patients and Methods: The pathogens, underlying diseases, and related clinical data of
patients with intra-abdominal infection from January 2012 to December 2019 in our hospital
were retrospectively collected and the APACHE II score was calculated. The patients were
divided into survival group and death group according to the prognosis, and the index
between the two groups was compared. Spearman correlation analysis was used to evaluate
the correlation between each index and prognosis, multivariate logistic regression analysis
was used to screen the independent prognostic factors.

Results: Spearman correlation analysis showed that ALB level was negatively correlated
with prognosis, age and APACHE II score were positively correlated with prognosis.
Logistic regression analysis showed that age, ALB level, and APACHE 1II score were
independent prognostic factors. The formula of age combined ALB level and APACHE II
score was Y = X1-3.6X2 + 6.5X3 (X1 was the age, X2 was the ALB level and X3 was the
APACHE 1I score), Y was positively correlated with poor prognosis, and the optimal cutoff
value was Y = 40.96.

Conclusion: Age, ALB level, and APACHE 1I score are independent factors that influen-
cing the prognosis of patients with intra-abdominal infection, and the combination of age,
ALB level, and APACHE II score can better assess the prognosis of patients with intra-
abdominal infection.

Keywords: intra-abdominal infection, formula, prognostic factors, the value of independent
factors, single center

Introduction

Intra-abdominal infection refers to infectious diseases caused by pathogenic
bacteria invading the abdominal cavity, including infections of the abdominal
cavity, retroperitoneum, and abdominal organs,'* involving many diseases (such
as acute cholecystitis and biliary system infection, liver abscess, peritonitis, Acute
pancreatitis complicated by pathogen infection, appendicitis, post-abdominal
infection, etc.), the severity of the disease varies, and the severity of the disease
often depends on the spread of inflammation.® Some studies have pointed out that
the mortality rate of abdominal infection is 10.5%,* and some reports have

exceeded this value,” even more than 50% for elderly and critical cases.’®
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Timely and effective control and treatment of the source
of infection, and rational use of antimicrobial drugs are
beneficial to the prognosis. In the past, it was believed
that antibacterial drugs should be treated in sufficient
quantity and for a long period. However, more and
more scientific researches now point out that short-term
antibiotic treatment is equally effective and can signifi-
cantly reduce antibiotic exposure, prolonged use of anti-
bacterial drugs has not brought clinical benefit.””

The distribution of pathogenic bacteria in patients with
intra-abdominal infection is not the same in different coun-

1912 and the initial selection of anti-

tries and regions,
infection programs by clinicians in each region is different,
and the distribution spectrum of pathogens is constantly
being induced and changed, which makes the differences
between different regions increase. As a clinician, it is very
necessary to understand the distribution of pathogens in their
area, because only by accurately knowing the distribution of
pathogens can they make a correct judgment on the selection
of initial anti-infection schemes. In the area where our hos-
pital is located, we do not know the distribution of pathogenic
bacteria causing intra-abdominal infection. We believe that it
is necessary to analyze and report the distribution of patho-
genic bacteria in patients with intra-abdominal infections in
our hospital in recent years.

Intra-abdominal infections vary in severity and prog-
nosis. Preoperative weight loss, obesity, liver cirrhosis, long
operation time, low serum albumin (ALB) level, and long
drainage tube indwelling time are all independent risk factors

for intra-abdominal infection,'>'°

and in patients with
abdominal infection However, there are few reports on the
factors affecting the prognosis of intra-abdominal infection
and the evaluation value of these factors on the prognosis.
This article aims to explore the distribution of pathogenic
bacteria in patients with intra-abdominal infection, clarify the
independent factors affecting the prognosis of patients with
intra-abdominal infection and their prognostic evaluation
value, clinically screen patients with poor prognosis and
high-risk patients, to implement timely and effective targeted
treatment and improve patient prognosis.

Patients and Methods

General Materials

The age, gender, underlying disease, pathogenic microor-
ganisms, and relevant clinical data on the day of infection
of patients with intra-abdominal infection in our hospital
from January 2012 to December 2019 were collected, and

the APACHE II score was calculated. Taking the patient’s
ICU discharge or death as the time node, the patients were
divided into survival group and death group according to
the different prognosis of patients. All procedures per-
formed in studies involving human participants were in
accordance with the ethical standards of the the First
Affiliated Hospital of Anhui Medical University research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Data Collection

Clinically confirmed intra-abdominal infection, and age >18
years old. Diagnostic criteria for intra-abdominal infection:
fever (high fever >39°C), abdominal pain, abdominal dis-
tension or ascites; abdominal tenderness with or without
rebound pain; ascites or other abdominal cavity specimens
microbiological culture examination was positive. Exclusion
criteria: 1) Under 18 years of age; 2) The latter cannot be
predicted due to the patient’s factors (such as withdrawal in
the middle of the treatment, etc.); 3) without surgical inter-
ventions; 4) with microbiological culture negative. For the
part of the treatment, empirical medication was used before
the microbiological culture results. Medication was adjusted
according to the drug sensitivity results.

Statistical Analysis

SPSS19.0 software was used for data statistics. The quan-
titative variables of normal distribution were expressed as
mean + standard deviation (x+s). ¢-test was used for homo-
geneity of variance and t ‘test for variance heterogeneity;
Quantitative variables of skew distribution were expressed
as median (quartile) [M(Q25, Q75)] and rank sum test was
used; categorical variables were expressed as a rate (num-
ber), usingy? test; multivariate analysis using Spearman
correlation Analysis and Logistic regression analysis;
logistic regression formula was used as a model to estab-
lish a new formula for independent prognostic factors;
ROC curve was drawn for independent prognostic factors,
The AUC of each independent prognostic factor was com-
pared to determine its prognostic value. The difference
was statistically significant (P < 0.05).

Results
General Situation and Pathogenic

Microorganism Results
282 patients were included in the statistics, including 183
males and 99 females, aged 56.99+15.34 years old.
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Table |
Pathogens Causing Intra-Abdominal Infection

Distribution and Composition of 343 Strains of

Pathogenic Bacteria Number of | Composition
Strains Ratio (%)
Gram-negative bacteria 213 62.10
Escherichia Coli 77 22.45
Klebsiella pneumoniae 38 11.08
Acinetobacter baumannii 28 8.16
Enterobacter aerogenes 12 3.50
Pseudomonas aeruginosa I 3.21
Enterobacter cloacae 8 2.33
Klebsiella oxytoca 5 1.46
Other gram-negative bacteria | 34 991
Gram-positive bacteria 118 3440
Enterococcus faecium 28 8.16
Enterococcus faecalis 18 5.25
Staphylococcus aureus 13 3.79
Streptococcus viridans 13 3.79
Staphylococcus epidermidis 12 3.50
Staphylococcus haemolyticus 7 2.04
Staphylococcus capitis 5 1.46
Other gram-positive bacteria | 22 6.41
Fungus 12 3.50
Candida albicans 7 2.04
Candida glabrata 3 0.87
Candida krusei | 0.29
Candida tropicalis | 0.29
Total 343 100.00

A total of 343 strains of non-repetitive pathogenic bac-
teria were collected, of which 62.10% (213 strains) of
gram-negative bacteria, 34.40% (118 strains) of gram-
positive bacteria, and 3.50% (12 strains) of fungi. The
top five pathogens are Escherichia coli (22.45%),
Klebsiella pneumonia (11.08%), Acinetobacter bauman-
nii  (8.16%), Enterococcus faecium (8.16%),
Enterococcus faecalis (5.25%, Table 1).

and

Comparison of the Basic Situation

According to the different prognoses, 218 cases were
divided into the survival group and 64 cases in the death
group. The total mortality of abdominal infection was
22.70%.
group and the death group in age, serum ALB level,

There were differences between the survival

APACHE 1I score, underlying cardiovascular disease or
diabetes (P<0.05); There was no statistical difference
between the two groups in white blood cell (WBC)
count, procalcitonin (PCT), C-reactive protein (CRP),
(P>0.05). of pathogen

and cancer Different types

infections did not affect the prognosis of patients
(P>0.05, Table 2).

Research on the Correlation of Each

Indicator

In order to clarify the correlation between various indica-
tors and prognosis, age, ALB level, APACHE II score,
underlying cardiovascular disease, and diabetes were
included in the Spearman correlation analysis. The results
showed that ALB level was negatively correlated with
poor prognosis, while age, APACHE II score, Basic car-
diovascular disease, diabetes, etc. are positively correlated
with poor prognosis.

Predictors of Patient Prognosis

Select statistically significant age, ALB level, underlying
cardiovascular disease, diabetes, and APACHE II score in
the survival group and death group for multivariate logistic
regression analysis. The results showed that age, ALB
level, and APACHE 1I score were independent factors
influencing the prognosis of patients (P < 0.05). In order
to combine age, ALB level, and APACHE 1II score to
evaluate the prognosis of patients, the logistic regression
equation formula In(p/(1-p)=aX;+bX,+cX;3+d was used as
the model, and this formula was transformed into (In(p/ (1-
p)-d)/a=X;+b/a*X,+c/a*X; (X; was the age, X, was the
ALB level and X5 was the APACHE II score), let Y=(In(p/
(1-p)-d)/a, the new formula is Y= X;+b/a*X,+c/a*X;. Use
Logistic regression analysis to obtain regression coeffi-
cients for independent prognostic factors (Table 3), and
substitute them into the formula Then Y = X;-3.7X,
+7.1X5 (X; was the age, X, was the ALB level and X;
was the APACHE II score), Spearman correlation analysis
shows that Y (ie, age combined with ALB level and
APACHE 1I score) was positively correlated with poor
prognosis.

ROC Curve of Age, ALB Level, APACHE
Il Score, and the Combination of the

Three Factors for Prognosis Evaluation
The optimal cut-off values of age, ALB level, APACHE II
score, and the combination of the three factors Y were
64.5 years, 26g/L, 12.5 points, and 40.96, respectively.
The AUC was 0.624, 0.698, 0.807 and 0.842, respectively.
The sensitivity was 56.30%, 57.80%, 79.70% and 89.10%,
respectively. The specificity was 69.30%, 75.20%, 68.80%
and 65.10%, respectively. (Table 4 and Figure 1).
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Table 2 Comparison of General Data Between Survival Group and Death Group
Survival Group (n=218) Death Group (n=64) tizly? P
Gender [male, n(%)] 141 (64.68) 41 (64.06) 0.025 0.874
Age (years,Xts) 55511481 62.00+16.04 -3.018 0.003
Underlying Disease
Tumor, %(n) 38.53(84) 42.19(27) 0.277 0.599
Cardiovascular diseases, %(n) 15.14(33) 28.13(18) 5.633 0.018
Diabetes, %(n) 12.39(27) 25.00(16) 6.092 0.014
Pathogenic Bacteria
Gram-negative bacteria, %(n) 56.88(124) 59.38(38) 3.238 0.356
Gram-positive bacteria, %(n) 33.49(73) 26.56(17)
Mixed bacteria, %(n) 7.34(16) 7.81(5)
Fungus, %(n) 2.29(5) 6.25(4)
WBC count (¥I079/L, X+s) 12.42+7.71 13.26+8.45 —0.745 0.457
CRP (mg/L, x#s) 107.13+90.75 131.02£129.90 —0.805 0.428
PCT [ng/mL, M(Q2s, Qys)] 4.95 (0.96, 25.46) 10.88 (2.40, 490.15) -1.279 0.201
ALB level (g/L, x+s) 30.09+6.92 24.98+6.47 5.270 0.000
APACHE Il score [M(Q2s, Q7s)] I'l (8.00, 14.00) 17 (13.00, 24.75) —7.474 0.000

Note: “Mixed” in pathogenic bacteria refers to the presence of two or more pathogenic bacteria in the same patient.

Table 3 Logistic Regression Analysis of Independent Prognostic
Factors in Patients with Intra-Abdominal Infection

Independent Factors B Wals P Exp (B) 95% CI
of Prognosis

Age 0.03 5.15 | 0.02 1.03 1.00-1.05
ALB level -0.10 | 11.72 | 0.00 0.91 0.86-0.99
APACHE Il score 0.19 | 32.75 | 0.00 1.21 1.14-1.29
Constant —2.87 | 743 | 0.0l 0.01

Test the AUC of Each Independent

Prognostic Factor

The AUC of Y was compared with that of age, ALB level,
and APACHE II score by z-test. The results showed that
Y’s AUC for the poor prognosis of patients with intra-
abdominal infection was greater than those of age, ALB,

and APACHE 1I for the prognosis of patients with abdom-
inal infection, and the differences were statistically signif-
icant (P<0.05), (Table 5).

Discussion

Intra-abdominal infections include infections of the abdom-
inal cavity, retroperitoneum, and abdominal organs.'** The
distribution of pathogenic bacteria in intra-abdominal infec-
tion is different in different countries or regions, and the

overall prognosis of patients is also different,'”-'*

the prog-
nosis of patients infected with different pathogens is also
different.'®° Timely control of the source of infection and
appropriate antibacterial treatment is beneficial to the
prognosis.>'*? The top five pathogens in our hospital are
(22.45%), Klebsiella

(11.08%), Acinetobacter baumannii (8.16%), Enterococcus

Escherichia  coli pneumoniae

Table 4 The Evaluation Value of Age, ALB Level, APACHE Il Score, and the Combination of the Three on the Prognosis of Patients

with Intra-Abdominal Infection

Optimum Cut-Off value AUC 95% CI Sensitivity (%) Specificity (%)
Age 6451 0.62 0.54-0.71 56.30 69.30
ALB level 26.00 0.70 0.63-0.77 57.80 75.20
APACHE Il score 12.50 0.81 0.74-0.87 79.70 68.80
Y 40.96 0.84 0.78-0.90 89.10 65.10

Note: “Y” is the combination of age, ALB level, and APACHE Il score.

https:
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Figure | The ROC curve of age, ALB level, APACHE Il score, and Y for prognostic evaluation of patients with intra-abdominal infection.

Jaecium (8.16%), and Enterococcus faecalis (5.25%). At the
same time, our study found that which pathogenic bacteria
are infected by patients with abdominal cavity infection
does not affect the prognosis of patients.

For patients with underlying cardiovascular diseases
and diabetes, the risk of infection is high, and it is difficult

2325 and the length of hospital

to control after infection,
stay is a factor that affects the prognosis of patients, but it
is not an independent factor that affects the final prognosis
of patients. In all abdominal cavities In infected patients,
indicators of infection, such as white blood cell count,
CRP, and PCT, were all higher than normal. CRP is an
acute time item protein synthesized during infection or
tissue injury,”® which can be increased by 1000 times in
infection and inflammation.”” Our study found that the
level of CRP is not related to the prognosis of patients
with intra-abdominal infection, and Miguel-Bayarri et al*®

Table 5 The Comparison of Area Under ROC Curve

Comparison of AUC z P
Y versus age AUCy > AUCage 4.77 | 0.00
Y versus ALB level AUCy > AUCAR level 422 | 0.00
Y versus APACHE Il AUCy > 2.11 | 0.03

score AUCAPACHE 11 score

is consistent with our study. As a biomarker for the diag-
nosis of infection and sepsis, PCT has been widely used in
clinical practice.?**® We found that there was no statistical
difference between the death group and the survival group
in PCT, which was different from that of some

researchers,3 1,32

which may be due to the different times
of clinical specimen collection. The clinical indicators
measured in this study were all measured on admission
or the day of definite infection. The time of obtaining
specimens was earlier, and the difference between the
two groups may not be obvious. According to our obser-
vation, both increased in the early stage of intra-abdominal
infection, but there was no difference between the death
group and the survival group. Dynamic monitoring of
changes in these indicators may be a more reasonable
method. Some studies have pointed out that dynamic mon-
itoring of PCT changes can help assess the recovery of
patients,” and calculating clearance rates such as PCT is
also a good method.*

This study found that age is an independent risk factor
for the poor prognosis of patients with intra-abdominal
infection. With the increase of age, the metabolism gradu-
ally slows down, the function of various organs gradually
declines, and the compensatory ability is weak after the
infection and the death rate increases. However, the AUC
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of the ROC curve for assessing the prognosis of patients
based on age alone is only 0.626, and the sensitivity is
only 56.45%, so the prognosis is very limited, some stu-
dies have even shown that age does not affect the prog-
nosis of patients with intra-abdominal infection.>> The
APACHE II score is a scoring system used to assess the
severity of a patient’s condition and estimate the risk of
death,**” This scoring system is widely used in clinical
practice. The higher the score, the more severe the
patient’s condition and the higher the risk of death during
Our study further this
conclusion. APACHE II score was an independent factor

hospitalization.*® confirmed
affecting the prognosis. ROC curve showed that the opti-
mal cut-off value was 12.5, AUC was 0.807, the sensitiv-
ity was 79.70%, and the specificity was 68.80%. Because
Spearman correlation analysis shows that APACHE II
score was positively correlated with poor prognosis, that
is, APACHE II scores of 13 points and above indicate
a poor prognosis for patients. This score is relatively
good for evaluating the prognosis of patients with intra-
abdominal infection.

ALB is a protein synthesized by the liver with a half-
life of about 18 to 19 days.*” It is an independent factor
that affects the prognosis of patients with intra-abdominal
infections. It plays an important role in maintaining col-
loidal osmotic pressure, combining and transporting inter-
nal and external substances, scavenging free radicals, and
maintaining acid-base balance.”® Excessive consumption
of protein during infection, the body preferentially synthe-
sizes acute-time proteins (such as C-reactive protein),
affect ALB
increased capillary permeability lead to ALB leakage,*'

inflammatory mediators synthesis, and
all make ALB levels progressively decrease. For every
10g/L decrease in ALB level in patients with hypoprotei-
nemia, the risk of death increases by 137%.*° Spearman
correlation analysis showed that ALB level was negatively
correlated with poor prognosis of patients, that is, the
lower the ALB level, the higher the risk of death in
patients. As a carrier for the transportation of internal
and external substances, many drugs require ALB to be
transported in the body, which is one of the important
factors affecting the prognosis of the disease.*” Our
study showed that the optimal cut-off value of ALB level
for prognosis assessment was 26g/L, that is, ALB level
below 26g/L indicates a poor prognosis for patients. Since
ALB can maintain colloidal osmotic pressure, it can
increase hypertension and improve organ perfusion in
severe sepsis,”> but a large amount of supplementation

will increase the cardiac load, especially for patients with
underlying heart diseases, which will increase the risk of
a cardiovascular accident. To control the ALB level in
what range can benefit patients outweigh the risks still
needs follow-up research. As a protein synthesized by
the liver, ALB reflects the synthetic function of the liver.
The patients in the death group are older, more patients
with cardiovascular disease and diabetes, and the ability of
organic synthesis of ALB is reduced. Whether exogenous
ALB can improve the prognosis of patients is still
a question worthy of discussion. Some studies believe
that the use of ALB for sepsis resuscitation can reduce
patient mortality,** and some studies have pointed out that
supplementing ALB above 30g/L does not improve patient
prognosis.*> While actively giving resuscitation, how to
improve the patient’s liver synthesis function is a problem
that needs to be considered by clinicians.

To combine age, ALB level, and APACHE II score to
evaluate the prognosis of patients with intra-abdominal
infection, we established a new formula based on the
Logistic regression formula, namely Y = X;-3.7X,
+7.1X5 (X; was the age, X, was the ALB level and X;
was the APACHE 1I score), the optimal cut-off value of
Y was 40.96 and Y was positively correlated with poor
prognosis, that is, Y greater than 40.96 indicates a poor
prognosis. The ROC curve showed that the AUC of Y for
with
abdominal infection was 0.842, which was higher than
age, ALB level, and APACHE II score to assess the prog-
nosis separately, and the difference was statistically sig-

poor prognosis assessment of patients intra-

nificant, therefore, Y had the highest value in evaluating
the prognosis of patients with intra-abdominal infection.
The shortcomings of this study are as follows: 1).
The samples collected in this study were data from
the day the patients were clinically diagnosed as having
an intra-abdominal infection, that is, if the patients were
admitted to the hospital due to infection, the data on
the day of admission were collected; if the infection
occurred in the hospital, the data on the day of clinical
diagnosis of the infection were collected. There were
patients transferred to our hospital due to poor diagnosis
and treatment results in lower-level hospitals in the sam-
ples, since the interval between transfer time and infec-
tion time varies in each sample, the results of the study
may be biased. 2). The sample size of the data in this
study was relatively small and was a single-center study.

Whether the optimal cut-off value we obtained was also
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effective in other centers has not been verified. Large
samples and multi-center studies are still needed.

Conclusions

In summary, age, ALB level, and APACHE II score are
independent factors for evaluating the prognosis of
patients with intra-abdominal infection. The combination
of age, ALB level, and APACHE II score can better
identify high-risk patients and evaluate the prognosis of
patients, and then actively give targeted treatment may
improve the prognosis of patients.
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