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a b s t r a c t 

Objectives: This study describes the clinical and paraclinical features, antibiotic resistance levels, and treatment 
outcomes of Klebsiella pneumoniae septicemia acquired in the Vietnamese community. 
Methods: A cross-sectional descriptive study was conducted on 102 patients with community-acquired sepsis 
caused by K. pneumoniae from July 2018 to July 2023. 
Results: K. pneumoniae –induced community sepsis had a septic shock rate of 13.7% and a death rate of 10.8%. 
Organ dysfunction rate in the patients with septic shock were higher than the patients without septic shock. 
The procalcitonin, creatinine, and platelet indexes increased more than in the septic shock group. K. pneumoniae 
strains were resistant to cephalosporins and quinolones (8-10%) and ampicillin (87%). Late hospitalization raises 
the risk of mortality by ∼3.5 times, and combination therapy with more than two kinds of antibiotics increases 
the risk of death by ∼1.8 times. The mortality rates were 9.1% and 63.6% after 4-6 and 2-3 weeks of therapy, 
respectively. Of the 11 patients who died, 90.9% died of septic shock, whereas 9.1% died of sepsis. 
Conclusions: K. pneumoniae –induced community sepsis resulted in 13.7% septic shock, and 10.8% of the patients 
died. There was 87% K. pneumoniae resistance to ampicillin. Organ dysfunction and late hospitalization were 
associated with septic shock and death. 
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Klebsiella pneumoniae is a common gram-negative bacterium of the
nterobacteriaceae family [ 1 ]. Bacterial species from the genus Kleb-
iella may infect humans, with Klebsiella pneumoniae accounting for 70%
f cases [ 2 ]. K. pneumoniae causes numerous clinical diseases, including
acterial infection, such as sepsis, urinary tract infection, liver abscess,
eningitis, soft tissue inflammation, and pneumonia in healthy peo-
le. The most serious infection caused by K. pneumoniae is hemorrhage,
hich can result in catastrophic effects such as multi-organ failure, sep-
ic shock, and high mortality rate [ 3 ]. In 2017, around 48.9 million cases
f sepsis were reported. There were approximately 11 million deaths or
epsis caused 19.7% of all deaths worldwide [ 4 ]. 

K. pneumoniae is a common hospital-acquired infection, although it
ay also be acquired in the community [ 5 ]. In addition to pneumo-
ia and urinary tract infections, sepsis caused by K. pneumoniae is be-
oming more prevalent, causing concern in the population [ 6 , 7 ]. Over
he last decade, there has been a global increase of Enterobacteriaceae
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trains resistant to carbapenems, even though carbapenems are one of
he most important reserve antibiotic families for the treatment of se-
ere infections that risk the patient’s survival [ 8 , 9 ]. K. pneumoniae is the
ost prevalent CRE strain found worldwide [ 10 , 11 ]. The emergence and
revalence of extended-spectrum 𝛽-lactamases (ESBLs) in K. pneumoniae
ave made therapy extremely difficult, and 𝛽-lactamase resistance out-
reaks have been observed in several countries [ 12 , 13 ]. In particular,
he rise of multidrug-resistant Klebsiella bacteria is specifically associ-
ted with the increased use of next-generation antibiotics [ 14 , 15 ]. 

Regular updates on the most severe form of K. pneumoniae infection,
epsis, antibiotic sensitivity, and resistance of the bacteria to antibiotics,
s well as treatment outcomes, will assist clinicians in better evaluating
nd predicting patient prognoses and providing appropriate treatment
easures to save lives and reduce mortality rates. This study aimed to
escribe the clinical and paraclinical characteristics of Vietnamese pa-
ients with sepsis caused by K. pneumoniae in the community between
018 and 2023, as well as to evaluate antibiotic susceptibility, patho-
enesis, and treatment outcomes in K. pneumoniae septicemia cases. 
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This study was conducted between July 2018 and July 2023. Patients
ere recruited from two specialized hospitals of infectious diseases in
ietnam: the National Hospital of Tropical Diseases (NHTD) in Ha Noi
nd the National Hospital of Tropical Diseases in Dong Anh. The in-
lusion criteria were as follows (according to the Vietnamese Ministry
f Health’s guideline for diagnosis and treatment of infectious diseases)
 16 ]: (i) having two of four criteria of systemic inflammatory response
yndrome (temperature > 38°C or < 36°C, heart rate > 90 beats/min,
espiratory rate > 20 cycles/min, or PaCO2 < 32 mm Hg [spontaneous
reathing], BC > 12,000/mm3 or < 4000/mm3 , or > 10% premature BC),
ii) having clinical symptoms suggestive of sepsis (with an initial focus
f infection) points, there are signs of bacteria entering the blood: fever,
apid pulse, fatigue, lethargy, and reticuloendothelial system symptoms
uch as enlarged liver and spleen lymph nodes and swollen lymph nodes
ear the initial infection site, with or without signs of metastatic infec-
ion), and (iii) positive blood culture results for K. pneumoniae within
he first 48 hours of admission and antibiogram results. The exclusion
riteria were as follows: (i) positive blood culture findings for two mi-
robiological sources, (ii) patients who dropped out of therapy or were
oved to the hospital without monitoring treatment results, and (iii)
atients 18 years of age. We used the convenience sampling method; all
ligible patients were included in the study. 

tudy design 

This was a cross-sectional descriptive study. From July 2018 and
uly 2023, we collected data on all sepsis patients in the community
ho had positive blood cultures for K. pneumoniae within 48 hours of
ospitalization. Patients with sepsis caused by K. pneumoniae who vis-
ted the hospital for any other treatment in the previous 14 days were
xcluded from the study. Sepsis was diagnosed and treated based on the
atient’s clinical symptoms and test results, with the treating physician
etermining the treatment strategy. In this study, two groups of patients
ith septic shock and without septic shock were separated to identify
ariables associated with the chance of developing septic shock, as well
s two groups of patients who survived and died to identify factors re-
ated to treatment outcomes in patients. The Sanford Guide was used to
stablish single and combination antibiotic doses. 

efinitions 

Patient with community-acquired sepsis were identified after meet-
ng all clinical and paraclinical criteria and being treated in accordance
ith the Ministry of Health of Vietnam’s 2015 recommendations and
evised international definitions of sepsis and septic shock [ 17–20 ]. 

Sepsis was defined using the following criteria: (i) having two or
ore of four criteria of systemic inflammatory response syndrome (tem-
erature > 38°C or < 36°C, heart rate > 90 beats/min, respiratory rate > 20
ycles/min, or PaCO2 < 32 mm Hg [spontaneous breathing], white blood
ells > 12 G/l or < 4 G/l, immature white blood cell rate > 10%, thrombo-
ytopenia < 100 G/l, coagulation disorder international normalized ra-
io > 1.5, or activated partial thromboplastin time > 60 seconds) or have
linical symptoms suggestive of sepsis (there is an initial focus of infec-
ion; there are signs of bacteria entering the blood: fever, rapid pulse,
atigue, lethargy, symptoms of the reticuloendothelial system such as en-
arged liver and spleen lymph nodes and swollen lymph nodes around
he initial infection site, with or without evidence of metastatic infec-
ion) and (ii) blood culture results positive for microbial etiology. 

Septic shock was identified using the following criteria: sepsis, sys-
olic blood pressure < 90 mm Hg, systolic blood pressure decline > 40
m Hg from baseline, or average blood pressure < 70 mm Hg. 
2

onducted study 

Patients with suspected sepsis who had typical clinical symptoms
f sepsis at admission, such as fever, skin rash or skin congestion, and
ubcutaneous edema or hemorrhage, as well as other symptoms such as
igestive, respiratory, cardiovascular, neurological, and urinary symp-
oms, were included in the study. Blood cultures, biochemistry, hema-
ology, and imaging tests were ordered immediately upon admission.
nly patients with positive K. pneumoniae blood culture findings within
8 hours of admission were eligible to participate in the study. Accord-
ng to the guidelines of the Ministry of Health of Vietnam [ 17 ], patients
hosen for the study were inspected, tested, and treated until they re-
overed, were discharged, or died. Individual records and codes were
sed to maintain study information for each patient, as specified in a
re-designed form. 
Study indicators included (i) clinical: underlying diseases, time of

isease progression before admission, characteristics of fever symptoms
onset, nature, amplitude), functional symptoms, clinical symptoms (ab-
ominal pain, difficulty breathing, cough, meningeal syndrome, mental
isorders, painful urination, boils, or aps), organ dysfunction (digestive,
espiratory, neurological, cardiovascular, urinary tract), rate of septic
hock, time of septic shock, combination of antibiotics in treatment,
ever resolution time, treatment duration, and treatment results; (ii) lab-
ratory: anemia, white blood cell changes, platelet changes, coagulation
tatus changes (%prothrombin time, activated partial thromboplastin
ime, fibrinogen), liver enzyme levels (aspartate transaminase/alanine
ransaminase), bilirubin, albumin, sodium, potassium, blood urea, cre-
tinine, changes in infection markers (C-reactive protein, procalcitonin
PCT]), and antibiotic resistance (reduced antibiotic susceptibility rate
f K. pneumoniae ); and (iii) imaging diagnosis: pneumonia, pleural ef-
usion, lung abscess, liver abscess, peritoneal fluid, hepatomegaly or
plenomegaly, heart failure, pericardial fluid, and mitral valve vegeta-
ion. 

lood culture, bacterial identification, and antibiotic sensitivity test 

The blood of patients suspected of having sepsis was cultured in
 Bactec Plus Aerobic/F Culture Vial (Becton Dickinson, USA) and in-
ubated using the Bactec 9050/9120 system (Bactec Dickinson, USA).
lood culture bottles positive for bacteria were subcultured and isolated
ith blood and chocolate media. The recovered bacteria were subse-
uently Gram-stained and identified with the BioMerieux VITEK 2 Com-
act System (Marcy I’Etoile, France). To evaluate the antibiotic suscep-
ibility of all clinical isolates of K. pneumoniae , the paper circle diffusion
echnique was used at the Bacterial Laboratory (NHTD) to determine
he antibiotic MICs. The antibiotic in the paper circle was diffused into
euller–Hinton agar containing K. pneumoniae , and the diameter of the
terile zone around the paper circle demonstrated K. pneumoniae ’s sus-
eptibility to the antibiotic. The antibiotic susceptibility test findings
ere interpreted using the diameter of the sterile zone surrounding the
aper circle and the break point in the Clinical and Laboratory Stan-
ards Institute (CLSI) document. According to CLSI 2023, susceptibility
evels can be classified as susceptible (S), intermediate (I), and resistant
R) based on the diameter of the inhibition zone and the break point
n the documentation guiding the interpretation of antibiogram results
 21 ]. 

ata analysis 

The data were analyzed using SPSS software (version 20.0). Categor-
cal variables were reported using frequencies and percentages. To iden-
ify the prognosis signs of septic shock, patients were separated into two
roups: septic shock and non-septic shock. We examined the study indi-
ators based on the rate of organ dysfunction; duration of infection be-
ore admission; and changes in biochemical, hematologic, and imaging
ndicators throughout the study. The algorithms were: (i) calculating the
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Table 1 

Demographic and epidemiologic characteristics of patients with bacteremia 
caused by K. pneumoniae . 

Characteristics Number of 
patients (n = 102) 

% 

Age (years) 

18-39 9 8.8 
40-64 67 65.7 
≥ 65 26 25.5 
Median (interquartile range) (Minimum: 18, 

maximum: 36, 
median: 54) 

Gender 

Male 86 84.3 
Female 16 15.7 

Geographic distribution 

Rural 68 66.7 
Urban 34 33.3 

Co-morbidities 

Diabetes 47 46.1 
Cirrhosis, viral hepatitis 30 29.4 
Hypertension 26 25.5 
Urinary diseases 8 7.8 
Gout 5 4.9 
Cancer 3 2.9 
Chronic obstructive pulmonary 

disease/bronchial asthma 
2 1.9 

Others 13 12.7 
Duration of infection before admission (days) 

≤ 3 59 57.8 
4-7 33 32.4 
8-13 10 9.8 

Septic shock 

Patient with septic shock 14 13.7 
Patient with no septic shock 88 86.3 

Treatment outcome 

Survival 91 89.2 
Death 11 10.8 

Table 2 

Clinical symptoms in patients with sepsis caused by K. pneumoniae . 

Clinical symptoms Patients with 
septic shock 

Patients without 
septic shock 

P-value 

Digest 

Nausea, vomiting 2 (16.7 %) 7 (8.0%) 0.343 a 

Loose stools 0 7 (8.0%) 0.589 a 

Stomach ache 2 (16.7%) 29 (37.2%) 0.206 a 

Jaundice 1 (7.1%) 14 (15.9%) 0.687 a 

Enlarged liver/spleen 3 (21.4%) 15 (17%) 0.709 a 

Ascites 3 (21.4%) 10 (11.4%) 0.381 a 

Respiratory 

Cough/sputum 5 (35.7%) 10 (11.4%) 0.032 a 

Shortness of breath 4 (28.6%) 1 (1.1%) 0.001 a 

Reduced lung ventilation 6 (42.9%) 9 (10.2%) 0.006 a 

Lung rales 2 (14.3%) 5 (5.7%) 0.245 a 

Nerve 

Headache 1 (7.1%) 10(11.4%) 1.00 a 

Disorders of consciousness 2 (14.3%) 11 (12.5%) 1.00 a 

Meningeal syndrome 1 (7.1%) 9 (10.2%) 1.000 a 

Localized nerve damage 0 3 (3.4%) 1.000 a 

Urinary 

Painful/dribbling urination 0 4 (4.5%) 1.00 a 

Hematuria 1 (7.1%) 0 0.137 a 

Urinary retention/difficult urination 0 2 (2.3%) 1.00 a 

Low back pain - pelvic area 0 3 (3.4%) 1.00 a 

Skin and soft tissue 

Pimples, abscesses, tissue infection 3 (21.4%) 4 (4.5%) 0.052 a 

Open wound 0 1 (1.1%) 1.00 a 

Other injuries 0 2 (2.3%) 1.00 a 

Cardiovascular 

Angina pectoris 0 1 (1.1%) 1.00 a 

Anxiety and palpitations 1 (7.1%) 0 0.137 a 

Peripheral vascular occlusion 0 1 (1.1%) 1.00 a 

a Fisher’s exact test. 
ean value, SD, maximum value, minimum value, median, interquar-
ile range, and standard test for quantitative variables; (ii) comparing
ercentages with qualitative variables; (iii) comparing proportions of
ualitative variables using the chi-square test and Fisher’s exact test. A
 ≤ 0.05 indicates statistical significance. Antibiotic resistance indicators
n K. pneumoniae were cited using the CLSI 2023 guidelines [ 21 ]. The
alues of the test indicators at the higher (or lower) threshold or the
deal threshold value were established in accordance with the guide-
ines of CLSI 2023 recommendations, as well as the Ministry of Health
f Vietnam. 

thical considerations 

The ethics committee of the NHTD approved the study design (doc-
ment no: 14/H ĐĐĐ-N ĐT Ư). Before participating in the study, written
nformed consent was obtained from all patients or the patient’s par-
nt/guardians if the patient was under 18 years of age. 

esults 

The average age of 102 Vietnamese patients with sepsis caused by
. pneumoniae in the community was 54 years. The highest proportion
f patients were aged 40-64 (65.7%), ≥ 65 (25.5%), and 18-39 (8.8%)
ears. There were 84.3% men and 15.7% women. A total of 66.7%
f patients resided in rural regions, compared with 33.3% who lived
n urban areas. Diabetes (46.1%), cirrhosis and hepatitis virus infec-
ion (29.4%), hypertension (25.5%), urinary diseases (7.8%), and other
iseases (23%) were among the documented comorbidities. A total of
7.8%, 32.4%, and 9.8% of patients had K. pneumoniae infection in
he community 3 days before admission, 4-7 days before hospitaliza-
ion, and 8-13 days before hospitalization, respectively. Septic shock
as reported in 13.7% of patients, whereas 86.3% did not have sepsis
hock. After therapy, 10.8% of patients died, whereas 89.2% survived
 Table 1 ). 

Organ dysfunction in patients with community-acquired sepsis
aused by K. pneumoniae was most frequent in the digestive, respira-
ory, cardiovascular, urinary, and neurologic systems. The patient’s skin
nd soft tissue also showed signs of pimples, abscesses, tissue infection,
pen wounds, and other traumas. The septic shock group had the highest
ates of cough/sputum (35.7%), shortness of breath (28.6%), reduced
ung ventilation (42.9%), and lung rales (14.3%) compared with the
on-septic shock group, which had rates of 11.4%, 1.1%, 10.2%, and
.7%, respectively ( Table 2 ). Furthermore, pimples, abscesses, and tis-
ue infections occurred at a rate of 21.4% and 4.5% in the septic shock
nd non-septic shock groups, respectively. Dysfunctions in the respira-
ory, cardiovascular, neurologic, and urinary organs did not differ signif-
cantly between the septic shock and non-septic shock groups ( P > 0.05;
able 2 ). 
Biochemical testing revealed that the rate of increase in the infec-

ion marker C-reactive protein across the two groups of patients with
nd without shock was substantially identical (78.6% vs 78.4%, respec-
ively). However, the rates of increase in PCT and creatinine in patients
ith shock were 100% and 50%, respectively, compared with 43.2%
nd 8.0% in patients without shock. There was a significant difference
etween the two patient groups ( P < 0.05; Table 3 ). Hematologic in-
exes also revealed that 65.9% and 35.7% of patients without shock
ad an elevated white blood cell index, whereas 35.7% and 13.6% of pa-
ients with shock had thrombocytopenia ( Table 3 ). Diagnostic imaging
esults revealed a pneumonia rate of 70.5% in patients without shock,
hich was higher than the rate in patients with septic shock (14.3%).
n comparison, the proportion of patients without shock who had liver
bscesses were just 45.5% and 64.3% in the shock group. In addition,
here was no statistically significant difference in the frequency of pre-
ospital sepsis ≤ 3 days, 4-7 days, and 8-13 days in the two groups of
atients with and without septic shock ( P > 0.05) ( Table 3 ). 
3
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Table 3 

Comparison of some biochemical, hematologic, imaging characteristics and 
treatment time between the group of patients with septic shock and without 
shock. 

Indices Patients with 
septic shock 

Patients without 
septic shock 

P-value 

Biochemistry 

C-reactive protein > 100 mg/l 11(78.6) 69(78.4) 0.480 a 

Procalcitonin > 10 ng/ml 14(100) 38(43.2) 0.004 a 

Creatinine > 120 μmol/l 7(50.0) 7(8.0) 0.000 a 

Hematology 

White blood cells > 10 G/l 5(35.7) 58(65.9) 0.04b 

Platelet < 150 G/l 5(35.7) 12(13.6) 0.048b 

Diagnostic imaging 

Pneumonia 2(14.3) 62(70.5) 0.000b 

Liver abscess 9(64.3) 40(45.5) 0.153 a 

Duration of infection before 

admission (days) 

≤ 3 8 (57.1) 51 (58%) 0.954b 

4-7 4(28.6%) 29 (33.0%) 1.00 a 

8-13 2(14.3%) 8 (9.1%) 0.624 a 

a Fisher’s exact test; b chi-square test. 
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Table 4 

Characteristics of treatment of patients with bacteremia caused by K. pneumo- 
niae . 

Characteristics Patient survival 
(n = 91) 

Patient death 
(n = 11) 

P-value 

Antibiotic combination 

1 antibiotic 22(24.2) 3(27.3) 0.723 a 

2 antibiotics 41(45.0) 3(27.3) 0.198 a 

> 2 antibiotics 28(30.8) 6(54.5) 0.043 a 

Duration of infection before 

admission (day) 

≤ 3 55 (60.4) 4 (36.4) 0.195 a 

4-7 29(31.9) 4(36.4) 0.744 a 

8-13 7(7.7) 3(27.3%) 0.074 a 

Treatment duration (week) 

< 1 6(6.6) 3(27.3) 0.055 a 

2-3 40(43.9) 7(63.6) 0.910b 

4-6 46(50.5) 1(9.1) 0.198 a 

Clinical status of patients 

Septic shock 7(7.7) 10(90.9) 0.000 a 

No septic shock 84(92.3) 1(9.1) 0.000 a 

a Fisher’s exact test; b chi-square test. 
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Antibiogram test findings revealed that carbapenem antibiotics (er-
apenem, imipenem, and meropenem) were effective against 92% of
acterial strains. K. pneumoniae was also susceptible to certain antibi-
tics, including piperacillin/tazobactam (92.2%), amikacin (98%), and
entamycin (98%). Approximately 8-10% of strains were resistant to
ephalosporins (ceftriaxone, ceftazidime, cefotaxime, and cefepime) and
uinolone (ciprofloxacin). K. pneumoniae strains were highly resistant to
mpicillin (87%), fosfomycin, and co-trimoxazole, with over 10% resis-
ant to fosfomycin. The overall sensitivity to other antibiotics remains
trong, ranging from 80% to 90% ( Figure 1 ). The data also revealed that
ultidrug-resistant K. pneumoniae strains accounted for just 17.6% (16
trains), with two antibiotic resistance at 7.8%, three antibiotic resis-
ance at 1.0%, and four antibiotic resistance at 8.8%. 

When different antibiotics were used to treat sepsis induced by K.
neumoniae , patients who received only one antibiotic had survival and
ortality rates of 24.2% and 27.3%, respectively. Patients administered
 combination of two antibiotics had a survival rate of 45% and a mor-
ality rate of 27.3%. Patients treated with more than two types of antibi-
tics had survival and mortality rates of 30.8% and 54.5%, respectively.
urvival rates for infection before hospitalization < 3, 4-7, and 8-13 days
ere 60.4%, 31.9%, and 7.7%, respectively. The mortality rates for in-
ection before hospitalization of < 3, 4-7, and 8-13 days were 36.4%,
6.4%, and 27.3%, respectively. Patients with a treatment period of ≤ 3
eeks had higher mortality rate than those who survived. In the septic
hock group, the mortality rate was 90.9%; however, in the non-septic
hock group, it was only 9.1% ( Table 4 ). 

iscussion 

Sepsis may occur at any age; however, it is more likely in elderly
eople owing to weakened resistance. Furthermore, elderly people may
ave a number of chronic diseases that contribute to the development of
nfection with sepsis and the consequences to septic shock [ 22 , 23 ]. Ac-
ording to Li et al. [ 24 ], the average age for sepsis caused by K. pneumo-
iae in the community was 61.1 years, with men accounting for 67.6%
f all cases. Men are more likely to become infected, which explains
heir prevalence. Men are more likely than women to be addicted to
timulants and have chronic ailments. According to Ko et al. [ 25 ], the
verage age of the patients was 58.8 years, with men accounting for
2.0%. Melot et al. [ 26 ] reported an average patient age of 51 years
nd a proportion of men of 43%. Our findings also suggest that 91.2%
f patients aged > 40 years had sepsis, with an average age of 54 years
nd a proportion of men up to 84.3%. These findings are completely
onsistent with the trend and direction of research. 
4

Diabetes, cirrhosis, burns, surgeries, and K. pneumoniae sepsis,
hich occurs frequently in people with preexisting chronic diseases, are
ll predisposing factors for gram-negative sepsis. In our study, 77.5%
f patients had one or more comorbidities; diabetes (46.1%), cirrho-
is (29.4%), and hypertension (25.5%) were the most frequent. Tsay
t al. [ 27 ] showed that the rate of diabetes due to sepsis caused by K.
neumoniae in the community was 49%. Chen et al. [ 28 ] found that co-
orbidities included diabetes (36.7%), chronic kidney disease (32.7%),
nd cardiovascular disease (30.8%). Melot et al. [ 26 ] reported 38% dia-
etes, 14% liver disease, and 9% kidney failure. Chronic diseases differ
etween regions based on social variables. It impairs the immune system
nd the body’s stress response, so when infections develop, the body is
nable to fight them efficiently, leading to sepsis and septic shock. 
According to medical literature, gram-negative septic shock is syn-

nymous with hypovolemic shock. The first stage is heated shock, which
auses symptoms such as increased circulatory output, increased venti-
ation, hot and dry skin, and so on. This stage is generally brief and
oon progresses to the normal cold shock stage, which includes pale
kin, a purple and cold head, limbs, and rapid and weak pulse. All the
atients in our study were identified at this typical stage of cold shock.
he two most common disorders at this stage are hypovolemia and tis-
ue anemia-hypoxia. If it is not intervened immediately, it will lead to a
athological spiral; the shock will worsen, producing multi-organ dys-
unction leading to rapid death. Li et al. [ 24 ] found that the rate of
atients with septic shock due to K. pneumoniae in the community was
7.4%, whereas Lin et al. [ 29 ] reported a rate of 51%. Our study found
 substantially lower risk of septic shock progression, with just 13.7%
f cases. 
Patients with sepsis may develop dysfunction in practically every

ystem, independent of the location of the infection. The most often af-
icted organs are the kidneys, liver, lungs, heart, central nervous system,
nd hematologic system. This multi-organ failure is a defining feature
f sepsis and determines whether the patient has progressed from in-
ection to recovery or death. In fact, the sequential organ failure assess-
ent score is one method that may be used to assess disease severity and
uide treatment. However, we did not produce this score to include in
he study’s findings. We only mentioned a few criteria in the sequential
rgan failure assessment score, such as platelets and creatinine. In this
tudy, we found that the proportion of patients with digestive, respira-
ory, and neurologic failure was higher than patients with urinary and
ardiovascular failure. However, when the rate of organ dysfunction be-
ween patients with septic shock and patients without septic shock was
ompared, there was a statistically significant difference in respiratory
ystem dysfunction. 
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Figure 1. Antibiotic susceptibility of K. pneumoniae strains causing community sepsis. 
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Sepsis induced by gram-negative bacteria affects a number of or-
ans, including the liver, kidney, and hematologic function. Blood clot-
ing disorders are frequently caused by variations in platelets and clot-
ing factors. In addition, patients with K. pneumoniae–induced sepsis had
igher white blood cell counts, and leukopenia was associated with sep-
ic shock. Comparing the septic shock and non-septic shock group, the
ate of elevated blood creatinine was significantly higher in the former.
eukopenia and thrombocytopenia were also prevalent in the patients
ith septic shock. The PCT index was higher in the septic shock group
han in the non-septic shock group, but the pneumonia rate was much
ower in this group. The PCT at the time of hospitalization is mean-
ngful for the diagnosis, monitoring, and treatment of sepsis. Imaging
iagnostics play a role in identifying primary infection foci in the lungs
r detecting metastatic foci in the lungs or detect concealed infection
oci throughout the body. 

Our findings revealed that K. pneumoniae is still susceptible to most
arbapenem antibiotics (meropenem, imipenem, and ertapenem), with
pproximately 7% of patients resistant to this group of antibiotics. All
arbapenem-resistant K. pneumoniae in the community were associated
ith underlying medical conditions and risk factors for infection with
esistant organisms, such as hospitalization or previous antibiotic use.
. pneumoniae remains highly vulnerable to other antibiotics such as
iperacillin/tazobactam and amikacin, with only a small percentage of
acteria resistant to piperacillin/tazobactam (6.9%), amikacin (2.0%),
5

nd gentamycin (2.0%). Ampicillin (87%), cotrimoxazole (13.0%), and
moxicillin + clavulanic acid (8%) had highly resistance rates. The sen-
itivity rate to antibiotics in the third-generation cephalosporin and
uinolone groups was around 80-90%; therefore, in clinical practice,
t is necessary to consider the empirical use of these antibiotics when
he patient is first hospitalized for treatment. The NHTD frequently up-
ates microbiological and antibiogram data for clinicians and recom-
ends first-line empirical antibiotics for physicians. This study, as well
s several others conducted at hospitals throughout Vietnam, demon-
trates that third-generation cephalosporins are still effective against
his pathogen. 

Our findings revealed that 102 patients with K. pneumoniae –related
epsis were treated with intravenous antibiotics, with 28 receiving a
ingle antibiotic, 35 receiving a combination of two antibiotics, and
6 receiving a combination of three or more antibiotics. The empiri-
al use of antibiotics by clinicians is also based on microbiologic data
nd antibiogram results from previous years. Clinicians who use nu-
erous antibiotics must collaborate with the treating physician, clin-

cal department leaders, clinical pharmacists, clinical microbiologists,
nd hospital specialists to decide whether to administer antibiotics to
atients. Despite the relatively low level of antibiotic resistance in K.
neumoniae , clinicians in Vietnam frequently base their treatment on
he patient’s condition, combining antibiotics based on experience to
roaden the spectrum of effect, enhance antibacterial effectiveness,
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nd inhibit many bacterial growth stages, thereby improving treatment
ffectiveness. 

Susceptibility testing often determines the antibiotic treatment for
. pneumoniae infections. Clinical strains of K. pneumoniae are becom-
ng increasingly resistant to a wide range of medicines, which is con-
erning. When selecting an antibiotic regimen for K. pneumoniae infec-
ions, it is important to consider the probability of ESBL or carbapene-
ase development. Infection of mild severity, host not immunocompro-
ised, low suspicion of ESBL-producer, ceftriaxone 2 gm intravenous
IV) every 24 hours if under 60; 1 gm IV if over 60, ciprofloxacin
00 mg IV every 24 hours or 750 mg orally twice per day, or lev-
floxacin 750 mg orally/IV every 24 hours are additional possible al-
ernatives. Carbapenems (imipenem, meropenem, and ertapenem) are
he recommended, established treatment alternatives for severe infec-
ions caused by ESBL-producing organisms in critical care units and/or
mmunocompromised patients with MDR. Meropenem 1-2 gm IV every
 hours. Resistant to ceftriaxone, ceftazidime (ESBL-generating organ-
sm), ertapenem 1 gm IV every 24 hours or meropenem 2 gm IV every
 hours, carbapenem-resistant bacterium, most likely serine carbapen-
mase ceftazidime-avibactam 2.5 gm IV every 8 hours, or meropenem-
aborbactam 4.0 gm (2 gm meropenem + 2 gm vaborbactam) IV over 3
ours and given every 8 hours. 
Our data demonstrated that the fever resolution time was often less

han 7 days (58.8%). Most antibiotic treatments last 7-21 days and of-
en involve a combination of two antibiotics. In Vietnam, three types
f antibiotics are used to treat elderly patients and those with a vari-
ty of co-morbidity diseases such as diabetes, alcoholic cirrhosis, mul-
iple organ damage, and septic shock. Many recommendations have
een made that in cases of severe sepsis or septic shock, the combina-
ion of two antibiotics is necessary, such as carbapenem + quinolone
r third-generation cephalosporin + quinolone or third-generation
ephalosporin + aminosid. In Vietnam, E. coli and K. pneumoniae are
he most common causes of severe sepsis with liver abscess; therefore,
naerobic bacterial superinfection is conceivable. As a result, these in-
tances are frequently paired with metronidazole to treat anaerobic bac-
eria. When the culture findings are obtained, the doctor will de-escalate
he infection with a suitable antibiotic based on the clinical condition
nd antibiotic susceptibility testing results. Patients with large abscesses
hat have not been aspirated or who are in septic shock have not yet had
heir antibiotic levels decreased or a single antibiotic used for therapy. 

The majority of the patients (52.9%) stayed in the hospital for 1-3
eeks. In addition, approximately 38.2% of patients received treatment
or more than 3-6 weeks. The duration of antibiotic treatment is de-
ermined by the patient’s clinical response, clinical status (sepsis, sep-
ic shock, sepsis with liver abscess), and whether or not the subsequent
lood culture findings are negative. Study by Yinnon found that commu-
ity infections caused by K. pneumoniae resulted in an average hospital
tay of 15 ± 22 days. In our study, the population mortality rate from K.
neumoniae was 10.8%, with the septic shock group having a mortality
ate of almost 91%. The mortality rate in this study is lower than that
eported by Verani et al. [ 30 ] (30%), Tsay et al. [ 27 ] (22.8%), Melot
t al. [ 26 ] (22%), and Kang et al. [ 31 ] (16%). Our unpublished data
howed that patients with sepsis caused by K. pneu moniae who were
ospitalized late had a 1.6 times higher risk of septic shock, and the fa-
ality rate in the late hospitalized group was 3.5 times higher than the
arly hospitalized group. This shows that early identification and ad-
ission for treatment are critical in limiting the development of septic
hock and reducing patient death. Although there have been significant
dvances in emergency care and treatment of patients with sepsis and
eptic shock over the last decade, the mortality rate from sepsis is still
uite high and remains a difficult challenge for the health care system.
ietnam is a low-to-moderate–income country with a developing econ-
my and a high risk of infectious diseases. Antibiotic resistance, which
s a major cause of treatment failure and mortality, is also widespread. 

However, in this study, we attempted to use the chi-square test and
isher’s exact test algorithms to distinguish between clinical symptoms
6

uch as organ dysfunction or abnormalities in laboratory indicators,
maging diagnosis, antibiotic use, hospitalization time, and treatment
utcomes. There is a noticeable difference; however, the algorithms’ P -
alues frequently fail to appropriately reflect this difference owing to
nsufficient sample size. This is also a limitation of this study; with a
arger sample size, it would be feasible to clearly demonstrate which
ndex the difference is in. 

In conclusion, patients with K. pneumoniae –induced sepsis in the
ommunity had a shock frequency of 13.7% and a mortality rate of
0.8%. Organ dysfunction, a higher infection index, late hospitaliza-
ion, and the use of more than two combination antibiotics were all
elated with the development of septic shock and death. K. pneumoniae ,
hich causes community sepsis, remained highly susceptible to numer-
us commonly used antibiotics, except for ampicillin. 
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