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n INTRODUCTION

Klebsiella pneumoniae is an opportunistic noso-
comial pathogen with a worldwide distribu-

tion belonging to the Enterobacteriaceae family that 
is associated with a variety of infections [1, 2].
Although the most common clinical syndromes 

associated to this kind of microorganism infec-
tions involve the urinary tract, lungs, abdomi-
nal cavity, intra-vascular devices, surgical sites 
and soft tissues, in the past two decades a new 
type of invasive syndrome has been associated to 
characteristic strains of K. pneumoniae exhibiting 
a particular hypermucoviscous phenotype. These 
strains emerged primarily in Southeast Asia and 
the syndrome they cause shows a hepatic involve-
ment and usually is characterized by bacteremia, 
liver abscesses and metastatic infection [3-5]. The 
characteristic liver abscesses are called primary or 
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Klebsiella pneumoniae is an opportunistic nosocomial 
pathogen belonging to the Enterobacteriaceae family 
that is associated with a wide range of infections. In 
the 1980s a new hypervirulent (hypermucoviscous) 
variant of Klebsiella pneumoniae (hvKP) emerged in 
southeast Asia and is now increasingly spreading 
to Western countries due to an invasive syndrome. 
hvKP isolates can cause serious, life-threatening com-
munity-acquired infections in younger healthy hosts, 
including liver abscess, pneumonia, meningitis and 
endophthalmitis. We present a case of an 83-year-old 
man who was examined in the Medicine Department 
of San Camillo Hospital in Treviso for dehydration in 
gastroenteritis. Since he presented fever on admission, 
microbiological investigations were performed and 
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empiric antibiotic therapy with cefotaxime was start-
ed. Blood analysis showed a high level of cholestasis 
indexes and transaminases. Blood cultures were found 
positive for K. pneumoniae that showed hypermuco-
viscosity. The hypermucoviscous phenotype of this K. 
pneumoniae isolate was easily identified by the “string 
test”. Abdominal computed tomography and ultraso-
nography did not show presence of liver abscesses. 
After a few days of antibiotic therapy the patient’s 
clinical condition improved. Correct microbiology 
identification of this kind of strain was essential for ap-
propriate clinical management.
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cryptogenic because they occur in the absence of 
biliary tract disease or another focus of infection 
within the abdomen, so the source of the infec-
tion is unknown [6]. Extrahepatic complications 
due to bacteremic dissemination, such as endoph-
thalmitis, meningitis and abscess formation, have 
also been reported [4]. 
Even if the first cases were reported in 1980s from 
Taiwan, subsequently there were reports of this 
disease from other East Asian countries and now 
they are emerging also in western countries [7-13].
The hypermucoviscous phenotype of this K. 
pneumoniae, also called hypervirulent K. pneumo-
niae (hvKP), is thought to contribute to invasive 
virulence by impairing phagocytosis [7,9,11,14]. 
The molecular mechanism that causes this kind of 
infections involves multiple factors, furthermore, 
several studies have indicated that hypermuco-
viscosity is associated with the mucoviscosity-as-
sociated gene A (magA) and the regulator of mu-
coid phenotype A (rmpA) genes [4-6, 15-17]. 
All the isolates grow in sticky colonies on agar 
plates and they can be easily identified using a 
“string tests”. This test is positive when an inocu-
lation loop or needle is able to generate a viscous 
string >5 mm in length by stretching bacterial col-
onies on an agar plate [11].
We herein report a case of an Italian patient with 
monomicrobial bacteremia caused by an infection 
with hvKP, admitted in our hospital for dehydra-
tion in gastroenteritis associated with fever and 
alteration of liver function tests.

n CASE REPORT

An 83-year-old man was examined in the Emer-
gency Department of Treviso Hospital for dys-
phagia, nausea, vomiting, aphasia and mental 
confusion. Physical examination did not show 
any abnormalities and chest X–ray was negative. 
So, he was transferred to the Medicine Depart-
ment of San Camillo Hospital in Treviso with a 
diagnosis of dehydration due to gastroenteritis 
of unknown etiology. At the admission, the blood 
tests revealed a white blood cell count of 10,500/
mm3, aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) values of 187 and 
314 U/L respectively, gamma-glutamyl transpep-
tidase (GGT) of 527 U/L, alkaline phosphatase 
(ALP) level of 139 U/L and total bilirubin of 4.5 

mg/dL, moreover he presented a concentration 
of ultrasensitive C-reactive protein of 20.45 mg/
dL, while the serologic viral markers (anti-HCV 
and HBsAg) were negative. We also extended our 
investigation to other “minor” viral etiology such 
as EBV and CMV that demonstrated the presence 
of IgG antibodies for CMV, VCA and EBNA, while 
Anti-CMV IgM, Anti-VCA IgM and Anti-EA IgG 
resulted negative, showing a previous infection 
for both of them.
Given that at the admission to San Camillo Hospi-
tal the patient presented fever (38°C), blood (two 
sets) and urine cultures were carried out and em-
piric antibiotic therapy with cefotaxime (2g bid IV) 
was started. Blood samples were incubated into 
BD BACTEC™ 9050 Blood Culture System. Urine 
culture was negative. After 48 hours, the BAC-
TEC™ System gave alarm for bacteria growth in 
all the blood samples and then Gram staining was 
performed showing presence of Gram-negative 
rods. All the positive samples were cultured on 
BD Chocolate Agar (GC II Agar with IsoVitaleX), 
BD Columbia Agar with 5% Sheep Blood and BD 
MacConkey II Agar at 37°C for 24 h.
Colonies grown on plates were identified as Kleb-
siella pneumoniae after biochemical identification 
with Sensititre™ GNID plates using Sensititre™ 
ARIS® System (ThermoScientific, TREK Diag-
nostic Systems). Given that the colonies showed 
a mucoid morphology, the “string test” was per-
formed with a sterile loop: stretching of bacterial 
colonies on agar plate showed the formation of 
a viscous string with a length exceeding 5 mm 
(string test positive), confirming the hypermuco-
viscous phenotype. 
Antimicrobial susceptibility testing was carried 
out with broth microdilution method using Sensi-
titre™ ITGNEGF panel (ThermoScientific, TREK 
Diagnostic Systems), that provide results related 
to the minimum inhibitory concentration (MIC). 
All MIC values were evaluated with EUCAST 
Clinical Breakpoint for bacteria (v 7.1) [18]. The 
strain was susceptible to all tested antimicrobi-
als (amoxicillin/clavulanic acid, cephalosporins, 
carbapenems, aminoglycosides, fluoroquinolones 
and trimethoprim/sulfamethoxazole) including 
cefotaxime, so the therapy remained unchanged.
Chest X-ray and head computed tomographies 
(CTs) did not indicate any foci of infection. Even 
if abdominal CT and ultrasonography did not 
show liver abscesses, hepatic involvement was 
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demonstrated by the gradual improvement of 
clinical symptoms and the progressive reduction 
of liver enzymes levels after the antibiotic thera-
py was started. No abnormal changes in the bile 
ducts were observed in the abdominal CT and ul-
trasonography showed marked signs of cholecys-
tectomy. Indeed, at discharge, after a two-week 
course of treatment fever disappeared and blood 
test analysis showed a decrease of the inflamma-
tion markers, specifically we found a white blood 
cell count of 4,860/mm3, AST and ALT values of 
47 and 96 U/L respectively, GGT of 279 U/L, ALP 
level of 117 U/L and a concentration of ultrasen-
sitive C-reactive protein of 0.77 mg/dL. Total bili-
rubin was within the normal range after 5 days of 
treatment (0.9 mg/dL).

n CONCLUSIONS

Even if the first case of hypervirulent (hypermu-
coviscous) variant of K. pneumoniae infection was 
identified in southeast Asia in 1980s, recently also 
in Western countries, including Italy, it is possi-
ble to see an increase of cases of severe infections 
(mainly liver abscess with bacteremia) caused by 
this kind of strains. For this reason, an immediate 
and specific phenotypical characterization is im-
portant because these strains are capable of caus-
ing severe infections of community origin, even in 
previously healthy young patients.
Although epidemiologic features are still being 
defined, colonization, particularly intestinal col-
onization, appears to be a critical step leading to 
infection. However, the route of entry remains 
unclear. In case of discovery of strains with this 
phenotype in blood culture, it could be helpful to  
immediately communicate with the clinician who 
is in charge of the patient and to suggest the ex-
ecution of a liver ultrasonography for the detec-
tion of abscess lesions or further diagnostic in-
vestigations. The “string test,” which reflects the 
hypermucoviscous phenotype, is the best labora-
tory-based surrogate method presently available 
because an unequivocal genotypic and/or pheno-
typic markers for hvKP is lacking. However, this 
test is not routinely performed in clinical labora-
tories so the incidence of hvKP infection and the 
clinical spectrum of disease could be underesti-
mated. In fact, in a number of reports describing 
Klebsiella infection, information on the character-

istics needed to assist in differentiating between 
classic K. pneumoniae and hvKP are lacking [11]. 
In literature, most of hvKP infections present 
mainly liver abscess with bacteremia and some 
cases without liver abscess syndrome, but with 
involvement of other body districts, are described 
[19-20]. The distinctive trait of our case report is 
that even if abdominal CT and ultrasound exam-
ination did not show liver abscess, the gradual 
improvement of clinical symptoms and the pro-
gressive reduction of liver enzymes levels after 
antibiotic therapy let to think that there was a 
relevant hepatic involvement caused by the hvKP 
strain. With this report, we want to emphasize the 
importance of a timely communication and the 
interaction between microbiologist and clinicians 
in order to have a better patient management, es-
pecially when infection is due to strains with par-
ticular features.

Conflict of interest and funding source 
None declared

n REFERENCES

[1] Podschun R., Ullmann U. Klebsiella spp. as nosoco-
mial pathogens: epidemiology, taxonomy, typing meth-
ods, and pathogenicity factors. Clin. Microbiol. Rev. 11, 
589-603, 1998. 
[2] Namikawa H., Yamada K., Fujimoto H., et al. Two 
unusual cases of successful treatment of hypermuco-
viscous Klebsiella pneumoniae invasive syndrome. BMC 
Infect. Dis. 16, 680, 2016.
[3] Tsai F.C., Huang Y.T., Chang L.Y., Wang J.T. Pyogen-
ic liver abscess as endemic disease, Taiwan. Emerg. In-
fect. Dis. 14, 1592-1600, 2008.
[4] Yu W.L., Ko W.C., Chen K.C., et al. Association be-
tween rmpA and magA genes and clinical syndromes 
caused by Klebsiella pneumoniae in Taiwan. Clin. Infect. 
Dis. 15, 1351-1358, 2006.
[5] Siu L.K., Yeh K.M., Lin J.C., Fung C.P., Chang F.Y. 
Klebsiella pneumoniae liver abscess: a new invasive syn-
drome. Lancet Infect. Dis. 12, 881-887, 2012. 
[6] Joshua F. Biofilm formation and Klebsiella pneumoni-
ae liver abscess. True, true and unrelated? Virulence 3, 
241-242, 2012.
[7] Gundestrup S., Struve C., Stahlhut S.G., Hansen D.S. 
First case of liver abscess in Scandinavia due to the in-
ternational hypervirulent Klebsiella pneumoniae Clone 
ST23. Open. Microbiol. J. 8, 22-24, 2014.
[8] Decré D., Verdet C., Emirian A., et al. Emerging se-
vere and fatal infections due to Klebsiella pneumoniae in 



365An invasive infection by a highly virulent Klebsiella pneumoniae

two university hospitals in France. J. Clin. Microbiol. 49, 
3012-3014, 2011.
[9] Vila A., Cassata A., Pagella H., et al. Appearance of 
Klebsiella pneumoniae liver abscess syndrome in Argenti-
na: case report and review of molecular mechanisms of 
pathogenesis. Open Microbiol. J. 5, 107-113, 2011.
[10] Ng D., Frazee B. Necrotizing fasciitis caused by 
hypermucoviscous Klebsiella pneumoniae in a filipino 
female in North America. West. J. Emerg. Med. 16, 165-
168, 2015.
[11] Shon A.S., Bajwa R.P.S., Russo T.A. Hypervirulent 
(hypermucoviscous) Klebsiella pneumoniae. A new and 
dangerous breed. Virulence 4, 107-118, 2013.
[12] Yu V.L., Hansen D.S., Ko W.C., et al.  Internation-
al Klebsiella Study Group. Virulence characteristics of 
Klebsiella and clinical manifestations of K. pneumoniae 
bloodstream infections. Emerg. Infect. Dis. 13, 986-993, 
2007.
[13] Chung D.R., Lee S.S., Lee H.R., et al. Korean Study 
Group for Liver Abscess. Emerging invasive liver ab-
scess caused by K1 serotype Klebsiella pneumoniae in 
Korea. J. Infect. 54, 578-583, 2007.
[14] Kong Q., Beanan J.M., Olson R., et al. Biofilm 
formed by a hypervirulent (hypermucoviscous) variant 
of Klebsiella pneumoniae does not enhance serum resis-
tance or survival in an in vivo abscess model. Virulence 
3, 309-318, 2012.

[15] Pinsky B.A., Baron E.J., Janda J.M., Banaei N. Bar-
tholin’s abscess caused by hypermucoviscous Klebsiella 
pneumoniae. J. Med. Microbiol. 58, 671-673, 2009.
[16] Ku Y.H., Chuang Y.C., Yu W.L. Clinical spectrum 
and molecular characteristics of Klebsiella pneumoniae 
causing community acquired extrahepatic abscess. J. 
Microbiol. Immunol. Infect. 41, 311-317, 2008.
[17] Lee C.H., Liu J.W., Su L.H., Chien C.C., Li C.C., 
Yang K.D. Hypermucoviscosity associated with Kleb-
siella pneumoniae-mediated invasive syndrome: a pro-
spective cross-sectional study in Taiwan. Int. J. Infect. 
Dis. 14, e688-e692, 2010.
[18] The European Committee on Antimicrobial Sus-
ceptibility Testing. Breakpoint tables for interpreta-
tion of MICs and zone diameters. Version 7.1, 2017. 
Retrieved from http://www.eucast.org. Last accessed 
November 25th, 2017.
[19] Suzuki K., Nakamura A., Enokiya T., et al. Septic 
arthritis subsequent to urosepsis caused by hypermu-
coviscous Klebsiella pneumoniae. Intern. Med. 52, 1641-
1645, 2013.
[20] Iwasaki Y., Inokuchi R., Harada S., Aoki K., Ishii Y., 
Shinohara K. Bacterial meningitis caused by hypervir-
ulent Klebsiella pneumoniae capsular genotype k54 with 
development of granuloma-like nodal enhancement in 
the brain during the subacute phase. Intern. Med. 56, 
373-376, 2017.


