Klebsiella pneumoniae in Gastrointestinal Tract and Pyogenic Liver Abscess 
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Abstract

Forty-three cases of K. pneumoniae liver abscess (KP-LA) were investigated. Comparison of isolates from liver and stool samples from 10 patients and 7 from healthy carriers showed an identical sero- and genotypes with same virulence indicating that gastrointestinal carriage is a predisposing factor for (KP-LA). 
Introduction

Klebsiella pneumoniae has emerged as the predominant causative agent of pyogenic liver abscess in Taiwan as well as in other countries in East and Southeast Asia 1-3


( ADDIN EN.CITE )
. The disease is frequently associated with severe complications, including septic endophthalmitis and other extra-hepatic lesions (1). Howver, the pathogenesis of K. pneumoniae liver abscess remains unclear. The source of acquisition by endogenous or exogenous infection has also been debated for a long time.  To determine whether the strains recovered from liver aspirates originated from patients’ own flora, isolates from liver aspirates, nasal swabs, saliva, and stool samples were investigated by genomic analysis. In addition, we systematically investigated K. pneumoniae from healthy carriers that were genetically identical to liver abscess isolates in order to determine the colonization of virulent type K. pneumoniae before the development of liver abscess. 
The Study 

From January 2009 to December 2010, a total of 43 consecutive adult patients (mean age, 68.2 years) with a liver aspirate culture positive for K. pneumoniae were enrolled in this study. All cases of K pneumoniae liver abscess were community acquired. The male to female ratio was 1.39 (25:18). The most common underlying disease was diabetes mellitus (58%, 25/43 patients), followed by biliary tract diseases (30%, 13/43 patients) and chronic renal insufficiency (21%, 9/43 patients). There were 9 (21%) patients without any underlying diseases.

To determine K. pneumoniae liver abscess whether originate from the patients’ gastrointestinal tract, all liver aspirates and the patient’s saliva, nasal swab, stool, and blood samples were sent to the microbiology laboratory concomitantly for bacterial culture before antibiotic administration. A total of 125 K. pneumoniae isolates were obtained during the study period. In addition to liver aspirates, the most common sites from which positive cultures obtained were stool (81%, 35/43 patients) and blood (70%, 30/43), followed by the nasal cavity (12%, 5/43 ) and saliva (21%, 9/43) (Table 1). In order to compare the virulence and genetic relatedness of K. pneumoniae between liver abscess patients and healthy carriers, a total of 1000 K. pneumoniae isolates from asymptomatic adults’ stool samples during routine physical check up were collected at the Tri-Service General Hospital. 

All clinical K. pneumoniae isolates were serotyped by a combination of countercurrent immunoelectrophoresis and Quellung (capsular swelling) reaction with K antisera. Isolates with serotypes K1 and K2 were further confirmed by a multiplex polymerase chain reaction (PCR) method 4()
. Seroepidemiological study of K. pneumoniae  isolates from liver abscess patients revealed that serotypes K1 and K2 were predominant, accounting for 61% (26/43) and 16% (7/43) of all isolates, respectively. The serotypes of all isolates from different specimens in the same patients were uniformly identical. Other serotypes included K15 (1), K19 (3), K31 (1), K46 (1) and K54 (2). There were 4 isolates (2 cases) non-typeable. Although there was no significant difference of the clinical characteristics between K1/K2 and non-K1/K2 group patients, the complications with distal septic metastasis (9%) and mortality (9%) were found in K1/K2 group. All K1 isolates were screened for CC23 representative by detection of allS gene by PCR 5()
, and found that all K1 isolates carried allS gene. 
A total of 17 randomly selected pairs (liver aspirates, saliva and stool samples) of representative K. pneumoniae isolates, including serotypes K1 (13 isolates), K2 (3 isolates), and non-K1/K2 (1 isolate), from patients with liver abscess were subjected to pulsed-field gel electrophoresis (PFGE) analysis with a restriction enzyme XbaI. All liver aspirate isolates had an identical or closely related PFGE profiles to their own isolates from stool and/or saliva samples (Figure 1). Furthermore, different patients’ isolates belonging to serotypes K1 and K2 from different patients had different PFGE patterns indicating genetic unrelatedness of these strains. Among these 17 patients, PFGE matching of liver aspirate K. pneumoniae to the isolates from 1000 healthy adults’ stool samples was performed by computer program analysis. PFGE clustering revealed that a total of 7 groups of serotype K1 K. pneumoniae isolated from stool samples from 10 patients and 7 healthy carriers had identical and/or similarity >90% of PFGE patterns (Figure 2). No serotype K2 or non-K1/K2 isolates could be matched with other isolates from healthy carriers.

To further characterize the virulence strains, the rmpA and the aerobactin genes were detected for all K1/K2 isolates 6


( ADDIN EN.CITE )
. In vitro and in vivo assays to assess virulence were performed by neutrophil phagocytosis and serum resistance assays 7()
. PCR revealed that the virulence genes rmpA and aerobactin were expressed in all 17 matched isolates from liver aspirates and healthy carriers (Table 2). Virulence assessment demonstrated that Groups 1 to 6 (except patient 7) were resistant to phagocytosis and showed evidence of serum resistance. In the mice lethality assays, various 50% lethal dose (LD50) values were observed among the 7 groups of isolates from liver aspirate. Similar LD50 values were observed among all 7 groups of isolates indicating no difference in virulence between isolates from patients and those from healthy carriers, indicating that the healthy adults have carried the virulent strains in their intestines.
Conclusion
The results of the seroepidemiological study of K. pneumoniae isolates from patients with liver abscess revealed that serotypes K1 and K2 were predominant, accounting for 61% and 16 % of all isolates, respectively, which is consistent with our previous studies 1


( ADDIN EN.CITE , 3)
. Molecular typing of the K pneumoniae strains isolated from different patients showed different patterns, indicating a genetic unrelatedness of these strains, a finding that excludes a common origin of K pneumoniae and excludes transmission from patient to patient. In addition, all liver aspirate isolates had an identical or clonal related PFGE profile to their own isolates from stool samples suggesting that these infections originated from patients’ own flora. This observation is remarkable since no special control measures for preventing the infection during the last 30 years. 
In this study, we found that 86% (30/35) of the isolates from stool samples belonged to serotypes K1 and K2. Both of those strains were carrying aerobactin and rampA genes and most of them were resistant to phagocytosis and serum killing compatible with our previous study 8


( ADDIN EN.CITE )
. Interestingly, in the K1 serotype group matching with liver abscess patients and healthy carriers. We found 3 isolates with aerbactin and rampA genes are less virulent than other matched groups. This finding is in contrast with other studies 9


( ADDIN EN.CITE , 10)
 but compatible with our previous investigation 6


( ADDIN EN.CITE )
. Hence, the development of K. pneumoniae liver abscesses likely results from a combination of all virulence determinants rather than rmpA as a single factor 6


( ADDIN EN.CITE )
. Furthermore, we found that 6 groups (except patient 7) of serotype K1 K. pneumoniae strains isolated from liver abscess patients and 6 from healthy carriers were observed to have an identical PFGE profile with the same virulence-associated genes and similar LD50 values, indicating that the healthy adults carried the virulent strains in their intestines. One recent animal study provided evidence that K. pneumoniae strains possessing genetic regulatory networks for translocation had the ability to cross the intestinal barrier and cause liver abscess 11


( ADDIN EN.CITE )
. The carrier rates of K. pneumoniae differ considerably among studies. The detection rate in stool samples from healthy persons ranges from 19.4% to 38% in previous European studies 12()
. In our recent investigation, we found that the stool carriage rate of K. pneumoniae in healthy adults was 75% with a high prevalence (23 %, 17/76 isolates) of serotype K1/K2 isolates among typeable strains in Taiwan 13()
. The high carriage of virulent K. pneumoniae strains in stool is probably the reason why there are so many cases of K. pneumoniae liver abscess in Taiwan. 
Oral antibiotic therapy has been shown to disrupt the intestinal ecological balance, allowing certain indigenous bacteria to grow in the gastrointestinal tract 14()
. In Taiwan, there is a high frequency of antibiotic consumption in the community, and oral form antibiotics including ampicillin, amoxicillin, erythromycin and first-generation cephalosporins can be purchased from local drug stores with or without prescription. Therefore, it is not surprising that antimicrobial activity in urine was detected in 55.2% of 1182 patients on arrival at an emergency department 15()
. Because K. pneumoniae is intrinsically resistant to ampicillin, oral administration of ampicillin might change the ecology of the bowel flora leading to overgrowth of K. pneumoniae in the intestinal tract. 

In summary, our study provides evidence that intestinal colonization of K. pneumoniae is highly associated with pyogenic liver abscess. Further studies of the complex interaction between pathogen, host factors, and environmental factors are required to elucidate the pathogenesis of the disease. However, early detection of colonization by K. pneumoniae, especially serotypes K1 and K2 in diabetic patients, may assist in early treatment decisions when infection does occur. 
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Table  1.  Culture positive sites from Klebsiella pneumoniae liver abscess patients

Case No. 
Liver

Stool

Blood
Nasal swab
Saliva
Other*
Serotype 
01

 +

  +

  +




  +

  

   K1

02

 +

  +

  +




  

  

   K1

03

 +

  +

  +


+

  

  

   K1

04

 +

  +

  +




  

  +

   K1

05

 +

  +

  +




  +

  

   K1

06

 +

  +

  +




  

  

   K1

07

 +

  +

  +




  

  

   K1

08

 +

  +

  


+

  

  

   K1

09

 +

  +

  +




  

  +

   K1

10

 +

  

  +




  +

  

   K1

11

 +

  +

  +




  

  

   K1

12

 +

  +

  +




  +

  

   K1

13

 +

  +

  




  

  

   K1

14

 +

  +

  +




  

  

   K1

15

 +

  +

  +




  +

  

   K1

16

 +

  +

  +




  

  

   K1

17

 +

  +

  +




  

  

   K1

18

 +

  +

  




  

  

   K1

19

 +

  +

  +




  

  

   K1

20

 +

  +

  




  

  

   K1

21

 +

  +

  +




  

  

   K1

22

 +

  +

  




  

  

   K1

23

 +

  +

  +


+

  

  +

   K1

24

 +

  +

  +




  

  

   K1

25

 +

  +

  




  

  

   K1

26

 +

  +

  +




  

  

   K1

27

 +

  

  +




  

  

   K2

28

 +

  +

  


+

  

  

   K2

29

 +

  +

  +




  

  

   K2

30

 +

  

  +




  +

  

   K2

31

 +

  +

  +




  +

  

   K2

32

 +

  +

  +




  

  

   K2

33

 +

  +

  +


+

  

  

   K2

34

 +

  +

  




  

  

   K5

35

 +

  

  +




  

  

   K19

36

 +

  +

  +




  +

  

   K19

37

 +

  

  +




  

  

   K19

38

 +

  

  




  

  

   K31

39

 +

  +

  +




  

  

   K46

40

 +

  +

  




  

  

   K54

41

 +

  

  




  +

  

   K54

42

 +

  +

  




  

  

   NT†
43

 +

  

  +




  

  

   NT

Total 
43

  35

  30


5

  9

   3

*Others included eye aspirate from case 1, cerebrospinal fluid from case 9, and lung abscess from case 23.

†NT=non-typeable 

Table 2. Virulence assessment on Klebsiella pneumoniae isolates with clonal relationship between patients from liver abscess and from healthy carriers. 

	Group*
	P or HC†
	rmpA

gene
	Aero-

bactin
	Serum resistance
	Phagocytosis¶
	Mice LD50 (cfu)

	1
	P1
	+
	+
	R
	30.9
	<2.6×102

	
	HC-1
	+
	+
	R
	31.0
	2.3×103

	
	
	
	
	
	
	

	2
	P2
	+
	+
	R
	24.2
	<2.9×102

	
	P8
	+
	+
	R
	18.3
	<1.5×102

	
	HC-2
	+
	+
	R
	8.8
	3.5(102

	
	
	
	
	
	
	

	3
	P7
	+
	+
	S
	86.9
	>1.7×105

	
	P6
	+
	+
	R
	29.7
	2.2×102

	
	HC-3
	+
	+
	R
	35.6
	3.0×102

	
	
	
	
	
	
	

	4
	P13
	+
	+
	R
	37.6
	3.5×102

	
	P10
	+
	+
	R
	30.7
	<3.8×102

	
	HC-4
	+
	+
	R
	18.8
	<3.0×102

	
	
	
	
	
	
	

	5
	P11
	+
	+
	R
	20.4
	2.3×103

	
	HC-5
	+
	+
	R
	13.5
	<2.4×102

	
	
	
	
	
	
	

	6
	P9
	+
	+
	R
	17.8
	3.4×103

	
	HC-6
	+
	+
	R
	31.7
	1.7×103

	
	
	
	
	
	
	

	7
	P4
	+
	+
	S
	35.6
	1.9×104

	
	HC-7
	+
	+
	S
	33.1
	5.2×103


*Isolates with an identical or clonal related PFGE profile from liver aspirate and healthy carriers’ rectal swab.  
†P, patient; HC, healthy carrier.

¶Percentage of K. pneumoniae that phagocytosis by neutrophils at 15 minutes.
Figure legends

Figure 1. Seventeen randomly selected isolates of Klebsiella pneumoniae from patients with K pneumoniae abscess for genetic comparison by pulsed-field gel electrophoresis. DNA fragments were separated after digestion with XbaI.  Lanes 1-13, serotype K1 patients’ isolates; Lanes 14-16, serotype K2 patients’ isolates; Lane 17, serotype non-K1/K2 patient’s isolates. P=liver aspirate; ST=stool SA=saliva; M=molecular marker.

Figure 2.  Comparison of pulsed-field gel electrophoresis profiles of Klebsiella pneumoniae isolates obtained from stool samples of patients and healthy carriers.G=patient group; P=patient; HC=healthy carrier; M=molecular marker. 
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