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Abstract
BACKGROUND 
The incidence of Klebsiella pneumoniae (K. pneumoniae) infection in patients with 
cirrhosis has been increasing over recent years, posing certain difficulties in 
clinical treatment.

AIM 
To analyze the clinical features of patients with liver cirrhosis and identify the risk 
factors to help the early diagnosis and treatment of these diseases.

METHODS 
Clinical data and laboratory tests were collected from 72 patients with cirrhosis 
confirmed by secretion or blood culture of K. pneumoniae infection at Beijing Ditan 
Hospital, Capital Medical University, between May 2016 and October 2018. Data 
from hospitalized patients with liver cirrhosis and K. pneumoniae infections, in-
cluding age, sex, antimicrobial use, length of stay, site of infection, distribution of 
pathogenic bacteria, complications, invasive operations, laboratory indicators, 
treatment, and clinical regression, were extracted and retrospectively analyzed. 
Clinical data and biochemical values were included in the multivariate logistic 
regression analysis.

RESULTS 
A total of 52 men and 20 women, with an age range from 29 to 85 years and an 
average age of 57.7 ± 12.54, were analyzed. The incidence of hospital K. pneu-
moniae infection in patients with cirrhosis was approximately 19.44%. The most 
common the infection site was the bloodstream, followed by the respiratory tract, 
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abdominal cavity, and biliary tract. Risk factors for infection were old age, long hospital stays, gastrointestinal 
bleeding, and low serum albumin levels, while prophylactic antibiotics were protective factors. The multivariate 
analysis suggested that other infections, chronic diseases, and invasive procedures were independent factors.

CONCLUSION 
In clinical practice, the length of hospital stays should be shortened as much as possible, invasive operations should 
be reduced, antibiotics should be rationally used, and the patients’ liver function should be timely improved. This 
is of great significance for reducing the incidence of hospital infection.

Key Words: Klebsiella pneumoniae; Cirrhosis; Antibiotics; Logistic regression; Hospital infection
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Core Tip: Patients with cirrhosis are susceptible to infections, particularly nosocomial infections, due to severe impairment of 
liver function and reduced immune function. The study profoundly expands our knowledge about the clinical feature of the 
Klebsiella pneumoniae (K. pneumoniae) infection with chronic liver disease. And this is the first study of its kind to be 
published in China on K. pneumoniae infection in individuals with liver cirrhosis. The findings of this investigation are 
reliable and show a considerable difference.
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INTRODUCTION
Cirrhosis is a late-stage liver disease. Patients with cirrhosis are susceptible to infections, particularly nosocomial in-
fections, owing to severe impairment of liver function and reduced immune function[1]. Studies have shown that the 
mortality rate of patients with cirrhosis and nosocomial infections is 15%, significantly higher than the 7% mortality rate 
for uninfected patients[2,3]. Furthermore, nosocomial infections not only prolong the hospital stay of these patients but 
also significantly affect their prognosis[4]. Klebsiella pneumoniae (K. pneumoniae) is a major pathogen causing hospital-
acquired infections, accounting for over 20% of all hospital-acquired infections with gram-negative bacilli[5-7]. In im-
munocompromised individuals, classical K. pneumoniae strains can cause serious infections, such as pneumonia, meni-
ngitis, liver abscesses, wound infections, and sepsis[8-10]. They can also increase drug resistance[11]. In 2017, the World 
Health Organization published a list of pathogens for which new antimicrobial treatments are urgently required. Within 
this list, "ESKAPE” (Enterococcus faecalis, Staphylococcus aureus, K. pneumoniae, Acinetobacter baumannii, and Pseudomonas 
aeruginosa) were designated as having “priority status”[12,13]. The incidence of bacteremia in patients with cirrhosis has 
been increasing over recent years, posing certain difficulties in clinical treatment[13,14]. The current study summarized 
and analyzed the clinical and laboratory examination characteristics of patients with end-stage liver disease combined 
with K. pneumoniae infection to help with the early diagnosis and treatment of such diseases.

MATERIALS AND METHODS
Patients
Clinical data and laboratory tests were collected from 72 patients with cirrhosis confirmed by secretion or blood culture of 
K. pneumoniae infection at Beijing Ditan Hospital, Capital Medical University, from May 2016 to October 2018. All patients 
met the diagnostic criteria for cirrhosis, as diagnosed according to the viral hepatitis control program[8]. The laboratory 
confirmed the pathogenic diagnosis. Alcoholic cirrhosis was diagnosed according to the guidelines for the treatment of 
alcoholic liver disease[9], and primary biliary cirrhosis was diagnosed according to the consensus on the diagnosis and 
treatment of primary biliary cirrhosis (also known as primary biliary cholangitis)[10]. Finally, 52 men and 20 women were 
included in the analysis (age ranged from 29 to 85 years, with an average of 57.7 ± 12.54). Additionally, 12 deaths (16.67%) 
were observed. This study was approved by the Ethics Committee of the Beijing Ditan Hospital, Capital Medical 
University, and written informed consent was obtained from all participants.

Clinical information
Clinical information, including age, sex, antimicrobial use, length of stay, site of infection, distribution of pathogenic 
bacteria, complications, invasive operations, laboratory indicators, treatment, and clinical regression, were collected from 
all patients using the hospital’s electronic medical record system.
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Table 1 Comparison of the underlying information, n (%)

Variable Group 1: Death group (n = 12) Group 2: Improved group (n = 60) χ2 P value

Gender:Male 11 (91.7) 41 (68.3) 2.714 0.099

History of hypertension 3 (25) 18 (30) 0.121 0.728

History of diabetes mellitus 3 (25) 15 (25) 0.000 1.000

History of lung disease 2 (16.7) 4 (6.7) 1.309 0.253

History of heart disease 1 (8.3) 7 (11.7) 0.113 0.737

Chronic kidney disease 3 (25) 2 (3.3) 7.264 0.007a

Neurological 3 (25) 7 (11.7) 1.486 0.223

History of malignancy 2 (16.7) 9 (15) 0.021 0.884

Heavy alcohol consumption 7 (58.3) 14 (23.3) 5.929 0.015a

History of hospitalization within 30 days 4 (33.3) 15 (25) 0.357 0.550

History of antibiotic exposure within 15 days 1 (8.3) 6 (10) 0.032 0.859

Blood glucose > 7.8 4 (33.3) 22 (36.7) 0.048 0.826

aP < 0.05.

Statistical analysis
The data were collated using Excel 2003, and the comparison of the differences in the indicators was analyzed using SPSS 
22.0. The measurement data were expressed as mean ± SD or median (interquartile range), and the count data were 
expressed as n (%). The comparison of normally distributed measurement data between the two groups was performed 
using the two independent sample t-test, while the comparison of count data between the two groups was performed 
using the χ2 test. The analysis of influencing factors was performed using dichotomous logistics regression. A P value < 
0.05 represented statistical significance.

RESULTS
Prevalence and site of nosocomial infections
Nosocomial infections occurred in 14 out of the 72 patients, with an incidence of 19.44%. The sites of infection were 
bloodstream in 36 cases (50.00%), respiratory tract in 13 cases (18.05%), chest in 11 cases (15.27%), abdomen in eight cases 
(11.11%), biliary tract in five cases (6.94%), and urinary tract in four cases (5.56%).

Single factor analysis affecting prognosis for improved discharge
The χ2 test was used to compare the differences in gender, history of hypertension, history of diabetes, history of lung 
disease, history of heart disease, history of chronic kidney disease, history of neurological disease, history of malignancy, 
history of heavy alcohol consumption, history of hospitalization within 30 days, history of antibiotic exposure within 15 
days, and blood glucose > 7.8 between the death group and the group discharged in good condition. Chronic kidney 
disease (25% vs 3.30%; χ2 = 7.264, P = 0.007) and a history of heavy drinking (58.3% vs 23.3%; χ2 = 5.929, P = 0.015) were 
significantly higher in the death group than in the well-discharge group (Table 1).

The χ2 test was used to compare differences in the site of infection between the death and discharge groups. However, 
no differences were found between groups (χ2 = 1.806, P = 0.771). Nevertheless, the χ2 analysis showed a higher car-
bapenem resistance (25% vs 1.7%; χ2 = 10.376, P = 0.001), a higher rate of co-infection with other bacteria (41.7% vs 8.3%; χ2 
= 9.290, P = 0.002), and a higher incidence of liver failure (91.7% vs 18.3%; χ2 = 25.344, P < 0.001), but also lower 
occurrence of hepatic encephalopathy (33.3% vs 71.7%; χ2 = 22.851, P = 0.001) in the death group than in the well-
discharge group (Table 2).

Moreover, the χ2 test suggested a lower rate of non-admission to the intensive care unit, a higher rate of arteriovenous 
placement/tracheal intubation/catheterization, higher use of carbapenems and lower use of vancomycin in the death 
group than in the well-discharge group (Table 3).

A two-independent sample t-test was used to compare and analyze the differences in various measures between the 
death and the improved discharge groups. The results of the analysis showed significant differences in diastolic blood 
pressure (t = -2.385, P = 0.020), total bilirubin (TBIL) (t = 5.013, P < 0.001), direct bilirubin (t = 4.287, P < 0.001), albumin 
(ALB) (t = -2.144, P = 0.035), and International normalized ratio (t = 5.365, P < 0.001; Table 4).



Zhang Y et al. Clinical analysis of K. pneumoniae infection

WJH https://www.wjgnet.com 1444 December 27, 2024 Volume 16 Issue 12

Table 2 Comparison of the disease information, n (%)

Variable Death group (n = 12) Improved group (n = 60) χ2 P value

Lung 2 (16.7) 11 (18.3) 1.806 0.771

Urinary tract 0 (0) 4 (6.7)

Blood 6 (50) 30 (50)

Ascites 1 (8.3) 7 (11.7)

Site of infection

Pleural fluid 3 (25) 8 (13.3)

Carbapenem-resistant Yes 3 (25) 1 (1.7) 10.376 0.001b

Co-infection with other bacteria Yes 5 (41.7) 5 (8.3) 9.290 0.002b

Co-infection with fungal infections Yes 3 (25) 7 (11.7) 1.486 0.223

Co-infection with viral infection Yes 0 (0) 2 (3.3) 0.411 0.521

Nosocomial infection Yes 4 (33.3) 10 (16.7) 1.773 0.183

Liver failure Yes 11 (91.7) 11 (18.3) 25.344 0.000b

None 0 (0) 2 (3.3) 4.393 0.494

HBV 5 (41.7) 30 (50)

HCV 1 (8.3) 5 (8.3)

Alcoholic 5 (41.7) 11 (18.3)

Autoimmune 0 (0) 7 (11.7)

Liver cirrhosis

Unknown 1 (8.3) 5 (8.3)

Hepatocellular carcinoma Yes 3 (25) 16 (26.7) 0.014 0.905

0 4 (33.3) 43 (71.7) 22.851 0.001b

1 0 (0) 10 (16.7)

2 5 (41.7) 5 (8.3)

3 1 (0.08) 2 (0.03)

Hepatic encephalopathy

4 2 (0.17) 0 (0)

Gastrointestinal hemorrhage Yes 4 (33.3) 14 (23.3) 0.533 0.465

bP < 0.01.
HBV: Hepatitis C virus; HCV: Hepatitis C virus.

Logistic regression analysis affecting prognosis for improved discharge
Whether or not the prognosis was improved, discharge was used as the dependent variable Y (Y = 0, death; Y = 1, 
improved), and each variable that was significantly different between the two groups was used as the independent 
variable X. Dichotomous logistics regression was used to screen the influencing factors using stepwise regression, and the 
final analysis showed that chronic kidney disease [B = -4.060, odds ratio (OR) = 0.017], comorbid other bacterial infections 
(B = -2.715, OR = 0.066), liver failure, arterial-venous placement, and TBIL were the main factors affecting the prognosis 
for improvement. The results of the final analysis showed that chronic kidney disease (B = -4.060, OR = 0.017), co-
infection with other bacteria (B = -2.715, OR = 0.066), liver failure (B = -3.705, OR = 0.025), and higher TBIL (B = -0.008, OR 
= 0.992) were the main factors affecting the prognosis for discharge (Table 5).

DISCUSSION
The number of patients with chronic liver disease in China is increasing, and many of these patients gradually progress to 
cirrhosis. Patients with cirrhosis are immunocompromised, and co-infection is one of the common complications in these 
patients, which can seriously affect their prognosis and increase the burden of medical costs. Statistical analysis shows 
that the most common pathogenic bacteria are gram-negative bacilli (59.7%), including Escherichia coli (E. coli) (31.09%) 
and K. pneumoniae (9.06%)[15]. Klebsiella spp. includes five species, among which K. pneumoniae is the most pathogenic to 
humans. It is 0.5-0.8 μm × 1-2 μm in size, with thick pods and hairs, without budding and flagella, and with O and K 
antigens. In recent years, K. pneumoniae has become a common pathogen causing hospital-acquired infections. This 
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Table 3 Comparison of the treatment information, n (%)

Variable Death group (n = 12) Improved group (n = 60) χ2 P value

ICU No 8 (66.7) 59 (98.3) 21.278 0.001b

Arteriovenous catheterization Yes 4 (33.3) 1 (1.7) 15.518 0.000b

Tracheal intubation Yes 4 (33.3) 1 (1.7) 15.518 0.000b

Catheterization cannula Yes 4 (33.3) 1 (1.7) 15.518 0.000b

No antibiotics Yes 12 (100) 54 (90) 1.309 0.253

Quinolones Yes 3 (25) 14 (23.3) 0.015 0.901

Carbapenems Yes 10 (83.3) 25 (41.7) 6.950 0.008b

First and second generations of cephalosporin Yes 1 (8.3) 11 (18.3) 0.720 0.396

Third-generation cephalosporin Yes 0 (0) 10 (16.7) 2.134 0.144

Antibiotics with an enzyme inhibitor Yes 5 (41.7) 22 (36.7) 0.107 0.744

Vancomycin Yes 3 (25) 5 (8.3) 0.094

bP < 0.01.
ICU: Intensive care unit.

infection is often observed in patients with long hospital stays, severe underlying diseases, and immunocompromised 
patients using glucocorticoids or chemotherapy drugs. K. pneumoniae is found in the human respiratory and intestinal 
tracts. When the body's immunity decreases, it can cause multi-site infections, such as lung, intracranial, urinary tract, 
intestinal, and bloodstream infections. In severe cases, sepsis, shock, and multi-organ failure can endanger patients' lives
[16,17].

In this study, 14 patients (19.44%) with K. pneumoniae sepsis had nosocomial infections. Therefore, focusing on reducing 
the incidence of nosocomial infections is an important preventive strategy to reduce K. pneumoniae infections. The data of 
the current study suggested that the incidence of nosocomial K. pneumoniae infection in patients with cirrhosis was 
approximately 19.44%, which is slightly lower than the approximately 30% reported in previous studies[18,19]. Patients 
with cirrhosis are at high risk of infection because they are at the end stage of liver disease owing to the development of 
hypersplenism and hypoproteinemia and reduced phagocytosis of liver macrophages, significantly reduced cellular and 
humoral immune function of the body, and the formation of portal hypertension, bruising, edema and increased per-
meability of the intestinal wall. This leads to dysbiosis of the intestinal flora and easier invasion of bacteria into the ab-
dominal cavity through the intestinal wall[20,21]. In this study, the most common sites of complications of hospital-
acquired infections in patients with cirrhosis were the bloodstream and respiratory tract, followed by the abdominal and 
biliary tract, which is consistent with relevant reports[22]. The study results suggest that the factors associated with 
hospital-acquired infections in patients with cirrhosis are complex, with older age, longer hospital stay, gastrointestinal 
bleeding, and low serum ALB levels being high-risk factors for infection, and prophylactic antibiotics being protective 
factors for infection. Longer hospital stays increase the risk of exposure to pathogenic bacteria[23-25] and cross-infection
[26].

In recent years, with the extensive development of invasive procedures and with the widespread use of carbapenems, 
an increasing number of carbapenem-resistant K. pneumoniae have been reported worldwide, posing a serious threat to 
public health. The China Drug Resistance Surveillance Network showed that K. pneumoniae had the second highest 
isolation rate among gram-negative bacteria in 2021, making it the bloodstream infection pathogen after E. coli. 
Carbapenems are the last class of lactam drugs for the treatment of gram-negative bacteria and are the first-line an-
tibiotics for treating multidrug-resistant K. pneumoniae infections[27]. Studies have shown that the resistance rate of K. 
pneumoniae to imipenem and meropenem has increased significantly. Its high virulence and the drug resistance have led 
to high morbidity and mortality, posing a serious threat to treatment and infection control. Hasan has isolated and 
identified gram-negative bacteria from 100 of 250 samples collected from burn patients (40%), of which 66 (66%) were 
carbapenem resistant[28]. Patients with decompensated cirrhosis have a higher risk of infection following the deve-
lopment of gastrointestinal bleeding that causes changes in pH and disrupts the micro-ecological balance in the gut, 
leading to an overgrowth of intestinal bacteria and dysbiosis of the intestinal flora and an increased risk of infection in 
patients[29]. Low serum ALB indicates poor liver function and a significantly reduced ability to fight pathogenic bacteria
[29]. National and international opinions consider hypoproteinemia as a risk factor for complicating infections in 
cirrhosis, while prophylactic antibiotics may reduce the incidence of infection[30-32]. Multifactorial analysis suggests that 
co-infections, chronic diseases, and invasive operations are all independent factors. Since this research was conducted at a 
single center retrospectively, the external validation cohort was not accessible. Nonetheless, this is the first study of its 
kind to be published in China on K. pneumoniae infection in individuals with liver cirrhosis. The findings of this invest-
igation are reliable and show a considerable difference. A multi-center prospective study with a larger sample size is now 
being conducted to thoroughly analyze this finding in the future.
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Table 4 Comparison of the clinical index

Variable Prognosis mean ± SD t P value

Death 60.67 ± 10.76 0.898 0.372Age

Improved 57.1 ± 12.87

Death 37.61 ± 1.38 -1.530 0.131Temperature

Improved 38.3 ± 1.44

Death 86.92 ± 15.7 -0.768 0.445Pulse

Improved 90.95 ± 16.78

Death 21.17 ± 4.53 1.828 0.072Respiratory

Improved 19.8 ± 1.68

Death 111.5 ± 13.87 -1.136 0.260SBP

Improved 116.27 ± 13.15

Death 64.5 ± 7.48 -2.385 0.020aDBP

Improved 71.63 ± 9.78

Death 7 ± 3.01 -0.456 0.650WBC

Improved 7.81 ± 6.02

Death 81.63 ± 8.36 1.049 0.298Neutrophils%

Improved 77.79 ± 12.05

Death 5.78 ± 2.86 -0.356 0.723Neutrophils

Improved 6.39 ± 5.7

Death 0.8 ± 0.62 -0.242 0.809Lymphocyte

Improved 0.85 ± 0.55

Death 91.75 ± 25.5 -0.797 0.428Hb

Improved 98.61 ± 27.51

Death 76.78 ± 45.91 -1.536 0.129PLT

Improved 129.2 ± 115.81

Death 45.54 ± 44.39 -0.454 0.652ALT

Improved 57.55 ± 89.12

Death 64.54 ± 43.87 -0.367 0.715AST

Improved 74.09 ± 87.51

Death 263.75 ± 183.22 5.013 0.000bTBIL

Improved 69.57 ± 107.45

Death 177.75 ± 146.82 4.287 0.000bDBIL

Improved 47.26 ± 83.51

Death 70.15 ± 144.12 2.225 0.029aALB

Improved 29.72 ± 6.59

Death 1644.25 ± 579.51 -2.144 0.035aCHE

Improved 2710.68 ± 1694.73

Death 2.54 ± 1.05 5.365 0.000bINR

Improved 1.53 ± 0.46

Death 102.76 ± 58.45 1.520 0.133Cr

Improved 78.93 ± 47.74

Death 78.86 ± 34.63 -1.410 0.163eGFR
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Improved 92.42 ± 29.56

Death 33.66 ± 37.7 -0.475 0.636CRP

Improved 162.16 ± 891.13

Death 3.13 ± 5.23 -0.498 0.620PCT

Improved 6.03 ± 19.86

Death 177.6 ± 106.5 -2.016 0.052CD4

Improved 434.76 ± 278.74

Death 24.17 ± 26.7 0.540 0.591Days of in-hospital

Improved 21.25 ± 14.59

Death 49.09 ± 33.76 1.509 0.136Ascites

Improved 31.81 ± 35.02

aP < 0.05.
bP < 0.01.
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; WBC: White blood cell; Hb: Hemoglobin; PLT: Platelet; ALT: Alanine transaminase; AST: 
Aspartate transaminase; TBIL: Total bilirubin; DBIL: Direct Bilirubin; ALB: Albumin; CHE: Cholinesterase; INR: International normalized ratio; Cr: 
Creatinine; eGFR: Glomerular filtration rate; CRP: C-reaction protein; PCT: Procalcitonin; CD4: Cluster of differentiation 4 cell.

Table 5 Logistics regression analysis of the influence on prognosis

Variable B SE Wald P value OR 95%CI for OR

Chronic kidney disease -4.060 2.099 3.742 0.053 0.017 0.000-1.055

Combined with other bacteria -2.715 1.615 2.827 0.093 0.066 0.003-1.568

Liver failure -3.705 1.455 6.481 0.011a 0.025 0.001-0.426

Arteriovenous catheterization -2.873 1.589 3.268 0.071 0.057 0.003-1.274

TBIL -0.008 0.004 4.397 0.036a 0.992 0.984-0.999

Contant 6.523 1.873 12.124 0.000a 680.624 -

aP < 0.05.
TBIL: Total bilirubin; OR: Odds ratio.

CONCLUSION
Therefore, patients' length of stay should be shortened, invasive operations should be reduced, antibacterial drugs should 
be applied, and liver function should be promptly improved in clinical practice, as this could significantly reduce the 
incidence of nosocomial infections in patients. Currently, drug resistance in K. pneumoniae has become an important 
health problem that cannot be ignored and requires more attention and research. This study has several limitations. First, 
because this study was performed in a single center and retrospectively, an external validation cohort was not available. 
Second, as a retrospective study, there is a lack of drug resistance test data of the included patients. A further multicenter 
prospective study with a larger sample size is currently in progress to validate our study results.
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