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ABSTRACT
Background: The rate of multi-drug antibiotic 
resistance in nosocomial bloodstream infections 
in elderly patients is increasing. This study exam-
ined the data for bloodstream infections to gain 
a better understanding of bacterial antibiotic 
resistance. Methods: This was a retrospective 
study of 817 patients with the first positive blood 
culture between January 1, 2016 and December 
31, 2019. Results: Moyen’s age was 77.4 ± 9.8 
years, male (52.4%) and SOFA 5.0 ± 4. ESBL(+) 
rate was 78/817 (9.5%). ESBL(+) rate for Esch-
erichia coli and Klebsiella pneumoniae was 
69/141 (48.9%) and 9/52 (17.3%), respectively. 
The most common isolates were Escherichia 
coli (17.3%), Stenotrophomonas maltophilia 
(13.7%), and Staphylococcus species (23.1%). 
The rate of septic shock and mortality accounted 
for 22.3% and 28.9%, respectively. Escherichia 
coli is highly sensitive to carbapenem, and re-
sistant (>50%) with quinolone and aminoside. 
Klebsiella pneumoniae and Pseudomonas ae-
ruginosa were highly sensitive to carbapenem. 
Acinetobacter baumannii was resistant to me-
ropenem (75%). Stenotrophomonas maltophilia 
was sensitive to quinolone (13.8 %), and highly 
resistant to remaining antibiotics. Methicillin-
resistant Staphylococcus aureus had a low 
resistance rate for vancomycin, teicoplanin, and 
linezolid. Multivariate analysis showed that the 
significant factors associated with mortality were 
age >75; SOFA >7; respiratory infection; inten-
sive care unit treatment and presentation with 
septic shock. Conclusion: The mortality rate 
was still high, especially for antibiotic-resistant 
agents.
Keywords: Bloodstream infections, bactere-
mia, antibiotic resistance, prognostic factor.

1. BACKGROUND
Bloodstream infections (BSI) are common 

severe infections and have been one of the 
leading causes of death in older patients (1). In 
generally, BSI are more frequent in older than 
in younger patients and are associated with 
high hospitalization and mortality rate , espe-
cially in patients with many chronic diseases 
(2, 3).  Many factors contributing to this dif-
ference include senescence of both humoral 
and cell-mediated immune systems; reduced 
physiologic reserve capacity; increased inci-
dence of underlying illnesses; malnutrition; 
poor tolerance to invasive procedures; greater 
risk and incidence of nosocomial infections as 
well as the higher rate of multidrug-resistant 
organisms (3). Gram-negative bacteria are 
more common than Gram-positive pathogens 
in patients with BSI 65 years and older con-
stitute 40% to 60%, in which Escherichia coli 
(E. coli) is the most common pathogen in the 
community-acquired BSIs (4, 5). Conversely, 
Staphylococcus aureus (S. aureus) is the most 
common bacteria for Gram-positive groups. 

In recent years, the rate of antibiotic re-
sistance remains still high, especially in 
nosocomial BSI. This association was found 
for 30-day mortality (6) 90-day mortality 
(3) and in-hospital mortality (7). In-hospital 
mortality rate for age cutoff 60-70 accounted 
for between 19% and 49% and for age cutoff ≥ 
75 was 15% to 56% (.3, 7, 8). Many prognostic 
factors for mortality need to continue to be 
evaluated. In Vietnam, the data for BSI in el-
derly patients are very limited in multicenter 
studies. The previous studies usually had a 
small sample size and included both old and 
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young patients (9, 10). Thong Nhat Hospital is a national 
teaching geriatric hospital located in Ho Chi Minh City, 
Vietnam. The hospital has recorded a high patient vol-
ume (the average daily outpatient department attendants 
at around 4,000 patients). Number of elderly patients has 
a constant increase in the geriatric population have been 
associated with an increasing number of serious infec-
tions in older adults, including BSI. Severe infections in 
the elderly have become an important issue. Despite the 
great advances in medical science, BSI have a high mor-
tality rate. The investigation results are very important 
to evaluate the epidemiology of pathogens and to treat 
them appropriately. 

2. OBJECTIVE
This study aimed to determine the aetiologic agents, 

antibiotic susceptibility, outcomes, and factors associ-
ated with mortality of BSI.

3. MATERIAL AND METHODS
Study design and data collection
We conducted a retrospective study between January 

1, 2016 and December 31, 2019 at Thong Nhat Hospital. 
The geriatric university hospital is a 1200-bed tertiary 
care medical center. The source population consisted 
of all patients ≥60 years of age admitted to the hospital 
during the study period and diagnosed with first BSI with 
positive blood culture accumulated by the Microbiology 
Laboratory from the Department of Laboratory Medicine 
of Thong Nhat Hospital. For all eligible patients, the fol-
lowing data were collected:  demographic characteristics, 
multiple organ failure Sequential Organ Failure Assess-
ment (SOFA), preexisting comorbid medical conditions, 
source of infection, initial vital signs, routine laboratory 
test results, admission, and final discharge diagnoses, 
and identity of microorganisms isolated from the blood 
cultures. Patient outcomes were in-hospital mortality 
or discharge from the hospital. Comorbidities were re-
corded according to the score proposed by Charlson et 
al. (1987) (11).

Study definition
BSI was defined as the isolation of gram-negative or 

gram-positive bacteria in a blood culture specimen. 
Clinically significant BSI was defined as at least one 
positive blood culture together with clinical features 
compatible with systemic inflammatory response syn-
drome, qSOFA(+), and SOFA ≥2.

Septic shock was defined as sepsis associated with 
evidence of organ hypoperfusion and a systolic blood 
pressure <90 or >30 mmHg less than the baseline or a re-
quirement for the use of a vasopressor to maintain blood 
pressure and a serum lactate level greater than 2 mmol/L 
(18 mg/dL) despite adequate volume resuscitation (12).

Underlying diseases were defined as the medical di-
agnoses outlined in the individual medical file, based 
on the International Classification of Diseases-10 (ICD-
10). Comorbid diseases included hypertension, diabe-
tes, chronic cardiac failure, chronic coronary disease, 
chronic pulmonary disease, chronic hepatic disease, 
chronic renal disease, and immune deficiency. 

The source of the bacteremia was determined based 
on the isolation of bacteria from the presumed portal of 
entry and clinical evaluation. The presence and source 
of a focal infection were classified by the final discharge 
diagnosis as lower respiratory tract infection, urinary 
tract infection (UTI), pancreaticobiliary tract infection, 
bacterial peritonitis, skin and soft-tissue infection, neu-
rologic infection, and vascular catheter-related infection. 
Those without a localized source of bacteria after an 
extensive admission workup were classified as primary 
bacteremia. Vascular catheter-related BSI was defined 
as the presence of a positive blood culture result from at 
least one peripheral blood sample, a catheter tip culture 
positive for an identical microorganism with identical 
antibiogram, clinical signs of sepsis, and the absence of 
any other sources of sepsis

Nosocomial infection was defined as an infection that 
occurred >48 hours after hospital admission. Nosoco-
mial BSI were defined according to the criteria proposed 
by the Centers for Disease Control and Prevention (13).

Organ failures assessed at the emergency department 
(ED) admission and during hospitalization after BSI were 
characterized as follows: (1) acute renal failure, a serum 
creatinine level >170 (μmol/L) or, in the case of preexist-
ing renal dysfunction, a doubling of previous serum cre-
atinine values, (2) acute hepatic failure, a bilirubin level 
>20 mmol/L, (3) altered level of consciousness, a Glasgow 
Coma Scale score of <14 or a decrease in the score of 
at least 3 if a primary central nervous system injury 
was present, (4) acute respiratory distress, PaO2/FiO2 
≤400, (5) hepatological failure, platelets ≤150 (103/mL), 
(6) shock, arterial systolic blood pressure <90 mmHg 
refractory to fluid repletion and requiring vasopressors 
to sustain a blood pressure of >90 mmHg (14).

Antibiotic susceptibility testing was performed ac-
cording to the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) protocol since 2013 
and prior according to the Clinical Laboratory Standard 
Institute  (CLSI) guidelines using disc diffusion testing 
and the VITEK-system (.15, 16). Multi-Drug Resistance 
(MDR) was defined as acquired non-susceptibility to at 
least one agent in three or more antimicrobial catego-
ries. Extensive-Drug Resistance (XDR) was defined as 
non-susceptibility to at least one agent in all but two or 
fewer antimicrobial categories (i.e. bacterial isolates re-
main susceptible to only one or two categories). Pan-Drug 
Resistance (PDR) was defined as non-susceptibility to all 
agents in all antimicrobial categories (17).

Statistical analysis
Statistical analysis was performed using SPSS Version 

20.0. Descriptive statistics for categorical variables were 
performed by calculating frequencies and percentages. 
The variables were compared using the chi-square test or 
Fisher’s exact test to observe the proportion differences. 
Binary univariate regression analysis was performed to 
identify factors associated with mortality. To evaluate 
independent predictors of in-hospital mortality, a mul-
tivariable Cox proportional hazards regression model 
was performed. All variables with p <0.05 at univariate 
analysis were further analyzed in multivariate binary 
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regression. The strength of the association between 
prognostic variables and the outcome of interest was 
expressed as an Odd ratio, and their corresponding 95% 
confidence intervals were calculated. p-value <0.05 was 
considered statistically significant. Only the first episode 
of BSI was considered for the analysis. 

Interpretation of the antimicrobial susceptibility 
results was carried out following CLSI 2018 guidelines 
(18). Antimicrobial sensitivity results were expressed 
in terms of sensitivity rates according to the CLSI M39 
guidelines (19). To avoid the effect of repetitive isolation 
of strains on antimicrobial sensitivity, the first isolation 
of strains from the same site of infection in a patient was 
analyzed according to CLSI M39 guidelines (19).

4. RESULTS
Patient characteristics and comorbidity
Characteristics of patients with BSI, microbiological 

data are listed in Table 1. 817 patients aged 60 and older 
(mean 77.4, median 73.0, range 60-102) were identified; 
428 patients were male (52.4%), 366 (44.8%) were noso-
comial. Septic shock accounted for 182 patients (22.3%). 

Patients had rates of renal failure (62.2%), hematological 
failure (51.4%), cardiovascular failure (53.9%), and re-
spiratory failure (42%). The number of patients treated 
in the medical ward, surgical ward, and intensive care 
unit (ICU) were 58%, 7.7%, and 34.3%, respectively. The 
most common medical comorbidities included hyper-
tension (56.1%), diabetes mellitus (33.9%), chronic car-
diac failure (31.0%), and chronic renal disease (32.7%). 
Charlson’s comorbidity index was 3.7 ± 1.4.

Related to the source of infection, respiratory tract 
infection was most common (51%), followed by urinary 
tract (19.1%), peritoneum (9.3%), skin and soft tissue 
(7.6%). Neurologic tract, pancreaticobiliary tract and 
vascular catheter-related infection accounted for the low 
percentage (1%), (2.6%) and (2.4%), respectively. Site of 
infection was not observed with the rate (7%).

Etiology of bacteremia
Table 2 shows that the proportion of Gram-negative 

bacteria was 537 (65.7%) and Gram-positive bacteria 
was 280 (34.3%). For Gram-negative bacteria, E. coli was 
the most common agent, accounting for 17.3%, of which 
the rate of E. coli with positive extended spectrum beta-
lactamase (ESBL(+)) was 69/141(48.9%). Followed by 
Stenotrophomonas maltophilia (13.7%), Burkholderia 
cepacia (7.3%). Klebsiella pneumoniae (K. pneumoniae) 
accounted for 52 (6.4%), in which the proportion of 
the bacteria with ESBL(+) was 9/52 (17.3%). For Gram-
positive bacteria, other Staphylococcus species had a 
fairly high rate of 189/817 (23.1%). S. aureus accounted 

Variable N (% of 817)
Sex
     Male
     Female

428 (52.4)
389 (47.6)

Age, years (IQR) 77.4 (73.0)
SOFA score (mean ± SD) 5.0 ± 4.0
Multi-organ failure 
     Cardiovascular
     Respiratory
     Hepatic
     Renal
     Hematologic
     Neurologic

2.6 ± 1.4
440 (53.9)
343 (42.0)
121 (14.8)
508 (62.2)
420 (51.4)
314 (38.4)

Acquisition
     Community
     Nosocomial

451 (55.2)
366 (44.8)

Septic shock 182 (22.3)
Mechanical ventilation 319 (39.0)
Charlson index, median 3.7 (1.4)
Ward of admission
      Medical
      Surgical
      Intensive care unit 

474 (58.0)
63 (7.70)
280 (34.3)

Underlying disease
      Hypertension
      Diabetes
      Coronary disease
      Cardiac failure
      Hepatic disease
      Kidney disease
      Immune deficiency
      Chronic lung disease

458 (56.1)
277 (33.9)
196 (24.0)
253 (31.0)
44 (5.4)
267 (32.7)
59 (7.2)
36 (4.4)

Primary site of infection
      Catheter related
      Pancreaticobiliary tract
      Urinary tract
      Lower respiratory tract
      Peritoneum
      Skin and soft tissue  
      Neurologic tract
      Unknown

20 (2.4)
21 (2.6)
156 (19.1)
417 (51.0)
76 (9.3)
62 (7.6)
8 (1.0)
57 (7.0)

Table 1. Characteristics, clinical features, site of infection of elderly 
patients with BSI 

Variable N (% of 817) Mortality n (%)
Gram-negative bacteria
E. coli
K. pneumoniae
P. aeruginosa
A. baumannii
Burkholderia cepacia
Stenotrophomonas maltophilia
Achromobacter
Enterococcus
Sphingomonas paucimobilis
Salmonella
Other*

Gram-positive bacteria
Other Staphylococcus spp.**

S. aureus
Streptococcus spp.

537 (65.7)
141 (17.3)
52 (6.4)
15 (1.9)
46 (5.6)
60 (7.3)
112 (13.7)
23 (2.8)
10 (1.2)
12 (1.5)
11 (1.3)
55 (6.8)
280 (34.3)
189 (23.1)
71 (8.6)
20 (2.4)

141/537 (26.2)
26 (18.4)
16 (30.8)
4 (26.7)
17 (37.0)
12 (20.0)
34 (30.4)
3 (13.0)
4 (40.0)
2 (16.7)
2 (18.1)
21 (38.2)
95/280 (34.0)
77 (40.7)
13 (18.3)
5 (25)

Antibiotic resistance
Non multi-resistance
Multi-resistance
MDR
XDR
PDR
ESBL(+)
E. coli
K. pneumoniae

221 (27.1)
596 (72.9)
434 (72.8)
152 (25.5)
10 (1.7)

69/141 (48.9)
9/52 (17.3)

Table 2. Characteristics of pathogens in patients with BSI. ESBL, 
extended spectrum beta-lactamases; MDR, multi-drug resistance; 
PDR, pandrug resistance; XDR, extensive-drug resistance. *Other 
(Abiotrophia defective, Citrobacter koseri, Ochrobactrum anthropic, 
Roseomonas gilardii, Shigella group Morganella morganii, Pantoea 
agglomerans, Vibrio cholera, Brucella melitensis, Kocuria rhizophila, 
Chryseobacterium indologenes, Bordetella bronchiseptica, Proteus 
mirabilis, Cupriavidus pauculus, Ralstonia pickettii). **Other 
Staphylococcus spp. (Staphylococcus epidermidis, Staphylococcus 
hominis, Staphylococcus lugdunensis, Staphylococcus haemolyticus, 
Staphylococcus capitis, Staphylococcus saprophyticus, 
Staphylococcus xylosus, Staphylococcus cohnii, Staphylococcus 
caprae, Staphylococcus warneri).
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for 71/817 (8.6%), and Streptococcus spp. had a very low 
rate (2.4%). The rate of non-multidrug-resistant bacteria 
was only 221 (27.1%). In contrast, the rate of multidrug 
resistance bacteria was relatively high at 596 (72.9%). 
Among multidrug-resistant bacteria, the ratio was as 
follows: MDR 434/596 (72.8%), XDR 152/596 (25.5%), 
PDR 10/596 (1.7%). 

Antibiotic resistance of microorganisms
The antibiotic resistance patterns of the isolates are 

shown in Table 3. Antibiograms of common bacteria 
causing BSI were only performed on a few antibiotics de-
pending using each isolate of bacteria. S. aureus had sus-
ceptibility to linezolid, low resistance vancomycin 4.4% 
and teicoplanin 1.5%. E. coli was only low resistant to me-
ropenem 4.8%, but resistant to quinolones 66.7-81.8%, 
resistant to aminoglycoside 40-45%. K. pneumoniae 
was resistant to piperacillin 80%, tobramycin 83.3%, 
norfloxacin 60% and <40% for remaining antibiotics. 
Pseudomonas aeruginosa (P. aeruginosa) was resistant to 
moxifloxacin 100%, tigecycline 87.5%, cefotaxime 100%, 
fosfomycin 60% and <50% for remaining antibiotics. 
Acinetobacter baumannii (A. baumannii) was resistant 
to meropenem 75%, imipenem 40%, fosfomycin 100% 
and piperacillin 64.5%.  Stenotrophomonas maltophilia 
was lowly resistant to levofloxacin 13.8%, ciprofloxacin 
9.8%, moxifloxacin 3.2%, fosfomycin 3%, and highly re-
sistant to remaining antibiotics. Burkholderia cepaciae 
was lowly resistant to meropenem 18.5%, levofloxacin 
8%, ceftazidime 5.4%, and >70% for other antibiotics. 

Table 3. Percentage of antimicrobial resistance of 
bacteria isolated from patients with BSI 

Achromobacter is resistant to gentamycin 85.7%, 
Amikacin 33.3%, lowly resistant to other antibiotics. 
Sphingomonas paucimobilis is resistant to meropenem 

72.7%, 100% resistant to imipenem, tigecyclin, genta-
mycin, amikacin, and fosfomycin, <50% for other anti-
biotics. Enterococcus is highly resistant to quinolones: 
ciprofloxacin 75%, norfloxacin, and moxifloxacin 100%.    

In-hospital mortality rate and predictors
Table 2 shows the patient characteristics of hospi-

tal survivors (n=581) and non-survivors (n=236). In-
hospital mortality rate of all patients were 28.9%. For 
each pathogen mortality rate, there was 36.9% (17/46) 
for A. baumannii, 26.6% (4/15) for S. aureus, 30.7% 
(16/52) for Klebsiella pneumonia, 18.4% (26 out of 141, 
26/141) for E. coli, 34.6% (90/260) for Staphylococcus 
species, 25% (5/20) for Streptococcus spp., 20% (12/60) 
for Burkholderia cepacia, 40% (4/10) for Enterococcus, 
30.4% (24/112) for Stenotrophomonas maltophilia and 
low rate for remaining bacteria. The mortality rate for 
Gram-negative bacteria 141/537 (26.2%) was lower than 
for Gram-positive bacteria 95/280 (34%). 

Univariable analysis (Table 4) revealed that in the 
mortality group, the proportion of males, age, SOFA 
score, presentation of septic shock, ICU care, infection 
of the respiratory tract, multi-antibiotic resistance were 
significantly higher than those in the survivor group, 
with p <0.001.

Compare to the survivior group, the non-survivor 
group had the significant higher rate of males, older age, 
SOFA score, septic shock, ICU care need, infection of the 
respiratory tract and multi-drug resistance.

The univariate analysis showed that males, age, SOFA 
score, septic shock, ICU care need, respiratory tract in-
fection, and multi-antibiotic resistance were associated 
with the mortality risk,

Table 4. Factors associated with mortality based on 
univariable analysis

S. aureus
(n=71)

E. coli
(n=141)

Stenotrophomonas
maltophilia
(n=112)

Burkhoderia
cepacia
(n=60)

K.
pneumoniae
(n=52)

A.
baumannii
(n=46)

Meropenem - 4.8 90.9 18.5 40.0 75.0
Imipenem 43.9 31.0 69.9 69.2 36.6 40.0
Ertapenem 12.5 - 6.7 12.5 5.9 -
Levofloxacin - 81.8 13.8 8.0 20.0 16.7
Ciprofloxacin 41.4 66.9 9.8 86.0 36.7 37.8
Moxifloxacin 34.7 66.7 3.2 83.3 33.3 61.5
Tigecyclin 40.3 - 6.8 70.0 22.2 21.7
Gentamycin 44.9 40.6 88.8 98.1 22.0 62.2
Amikacin - 7.7 75.0 96.4 13.6 76.9
Cefepim - 37.3 83.7 50.9 38.5 63.9
Cefotaxim - 57.7 97.2 91.7 42.9 79.3
Piperacillin - 35.7 86.5 59.6 80.0 64.9
Ceftazidim - 46.0 87.9 5.4 38.8 56.1
Norfloxacin 20 61.9 0 80.0 60.0 24.1
Fosfomycin 30.8 3.0 3.0 100 57.1 100
Trimethoprim 66.4 61.2 9.5 1.8 28.0 27.1
Tobramycin 0 45.0 96.7 100 83.3 62.1
Linezolide 0 - - - - -
Vancomycin 4.4 - - - - -
Teicoplanin 1.5 - - - - -
Aztreonam - 100 100 100 0 89.3

Table 3: Percentage of antimicrobial resistance of bacteria isolated from patients with BSI.
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In Table 5, Age >75 (OR 1.82, 
1.12-3.08, p=0.016); SOFA score 
>7 (OR 12.86, 7.03-23.54, p<0.001); 
presence of septic shock (OR 3.51, 
1.88-6.56, p=0.007), ICU (OR 6.30, 
6.70-10.74, p<0.001); primary re-
spiratory infection (OR 1.91, 1.14-
3.21, p=0.015) were identified as 
major independent predictors of 
mortality following multivariate 
Cox regression. In this analysis, 
nosocomial BSI, and antibiotic 
multi-resistance did not reach the 
level of significance.

Table 5. Factors associated with 
mortality in BSI based on multi-
variate analysis.

5. DISCUSSION
This study was undertaken 

to evaluate the causative agents, 
antibiotic resistance, outcome as 
well as risk factors for mortality 
of BSI in elderly patients. We only 
investigated BSI in the elderly be-
cause this patient population was 
highly frail. Older patients with 
BSI often had a poor prognosis 
due to frequent comorbidities, 
altered immune function, long-
term institutionalization, malnu-
trition, greater risk of nosocomial 
infection, and poor response to antimicrobial therapy. 
This could explain why this population segment was 
particularly susceptible to bacterial infections. To our 
knowledge, the current study is the largest on elderly 
patients in Vietnam. The mean age was 77.4 years, and 
the mortality rate accounted for 28.9%. In many coun-
tries, over half of all deaths now occur in hospitals, with 
the vast majority of in-hospital deaths occurring among 
the elderly and the very old (20). Previous studies showed 
that mortality rates of BSI are at least three times higher 
among the elderly than among younger adult patients 
with the same disease and have suggested that mortal-
ity depends on age cutoff (21). For age cutoff of 60-69 
and ≥70, the death rate was 19% - 49% and 15% - 56%, 
respectively (7, 8). Studying 167 older patients with BSI 
in a French geriatric unit, Aurore Bulaud revealed that 
the mortality rate at 60 days was 32.3% and concluded 
that age is not a risk factor of mortality for BSI, and man-
agement of bacteremia has to be adapted to elderly (22). 
However, Ignacio Martin-Loeches identified that age 
was found to be an independent risk factor only in the 
very elderly group (13). Almost all investigations noted 
that increasing age was significantly associated with an 
increased odds ratio for attributable in-hospital death 
(8, 23). Our result identified that older age >75 was an 
independent factor associated with in-hospital mortality 
(OR 1.86, 1.12-3.08, p=0.016).

In our study, it was noted that the community BSI 

rate accounts for 55.2%, and the nosocomial BSI rate is 
44.8%. However, as an unspecific clinical presentation 
of sepsis in the very elderly, some true community BSI 
may have been misclassified as nosocomial due to de-
layed diagnosis. Rodriguez-Bano et. al. found that 58% of 
BSI were hospital-acquired infections, 24% were health-
care-associated and 18% were community-acquired in 
two similar hospital settings (24). The mortality rate of 
nosocomial BSI was usually higher than community BSI 
due to multidrug resistance. Gavazzi et al. (2002) found 
that community-acquired BSI was significantly more 
frequent in older patients and was independently associ-
ated with mortality. The author concluded that the elderly 
patients represented a frail population in the community 
(25). So, this population had significantly more acute re-
spiratory failure, acute renal failure, septic shock, and 
altered mental status on admission (3). Patients were 
treated in ICU with high mortality 206/352 (58.5%). We 

Characteristics Survivors 
(%)
581 (71.1)

Non-survivors 
(%)
236 (28.9)

OR (95%CI) p-value

Number of males 292 
(50.26)

136 (57.63) 0.74 (0.5-1.0) <0.001*

Age (year) (mean ± SD) 76.2 ± 9.6 80.3 ± 10 <0.001 #
SOFA score (mean ± SD) 3.0 ± 1.7 9.6 ± 4.1 <0.001 #
Underlying disease
      Hypertension
      Diabetes
      Coronary disease
      Cardiac failure
      Hepatic disease
      Kidney disease
      End-stage renal disease 
      Immune deficiency
      Chronic lung disease

330 (56.8)
202 (34.8)
143 (24.6)
170 (29.3)
30 (5.2)
196 (33.7)
11 (1.9)
45 (7.8)
23 (3.6)

128 (54.2)
75 (31.8)
53 (22.5)
83 (35.2)
14 (5.9)
71 (30.1)
5 (2.1)
14 (5.9)
13 (5.1)

0.9 (0.7-1.2)
0.8 (0.6-1.2)
0.9 (0.6-1.3)
1.3 (1.0-1.8)
1.2 (0.6-2.2)
0.8 (0.6-1.2)
1.1 (0.4-3.3)
0.8 (0.4-1.4)
1.4 (0.7-2.8)

0.53*
0.46*
0.53*
0.11*
0.73*
0.33*
0.79*
0.46*
0.35*

Comorbid condition
      Septic shock
      ICU care

32 (5.5)
146 (25.1)

150 (63.6)
206 (78.3)

29.9 (19.2-46.6)
20.5 (13.4-31.3)

<0.001*
<0.001*

Primary site of infection
      Catheter related
      Pancreaticobiliary
      Urinary 
      Respiratory
      Peritonium
      Skin and soft tissue
      Neurologic 
      Unknown

20 (3.4)
15 (2.6)
140 (24.1)
239 (41.1)
59 (10.2)
48 (8.3)
6 (1.0)
53 (9.1)

0 (0.0)
6 (2.5)
16 (6.8)
178 (74.4)
17 (7.2)
13 (5.5)
2 (0.9)
4 (1.7)

0.96 (0.95-0.98)
0.98 (0.38-2.57)
0.23 (0.13-0.39)
4.40 (3.13-6.17)
0.68 (0.39-1.21)
0.63 (0.34-1.19)
0.82 (0.16-4.09)
0.17 (0.06-0.48)

0.001*
0.59*
<0.001*
<0.001*
0.24*
0.02*
1.00*
<0.001*

MDR
       Yes
       No

412 
(70.9%)
169 
(29.1%)

184 (78)
52 (22.0)

0.046*

Table 4: Factors associated with mortality based on univariable analysis. *χ2 tests; # Student’s 
t-tests; SD, standard deviation.

Risk factors OR
(95% CI) p-value

Age (year) >75 1.86 (1.12 – 3.08) 0.016 
SOFA score >7 12.86 (7.03-23.54) <0.001
Septic shock 3.51 (1.88-6.56) <0.001
Intensive care unit 6.30 (6.70-10.74) <0.001
Primary respiratory 
infection 1.91 (1.14-3.21) 0.015

Table 5. Factors associated with mortality in BSI based on 
multivariate analysis.
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noted that SOFA >7 (OR 12.86, 7.03-23.54, p<0.001), and 
ICU care (OR 6.30, 6.70-10.74, p <0.001) were independent 
factors associated with mortality.   

The mortality rate for gram-negative bacteria 141/537 
(26.2%) was lower than for gram-positive bacteria 95/280 
(34%). Crane et al. described a significantly higher 
14-day mortality rate in nosocomial BSI compared to 
community-onset BSI (14% vs. 6%) and nosocomial BSI 
significantly associated with increases in 90-day mortal-
ity was noted in Kaye’study (26, 27).

The rate of septic shock in this investigation was 
182/817 (22.3%) (Table 1). The mortality accounted for 
150/182 (82.4%) for the elderly with septic shock. In sev-
eral large studies, septic shock was present in 10-15% of 
patients aged 65 years and older, 39% of patients aged 
85 years and older (6, 7, 28,29). In addition to being more 
common in older patients, severe sepsis and septic shock 
caused higher mortality in the elderly reaching 50-60% 
(29).  Keith showed that BSI with (Systemic Inflamma-
tory Response Syndrome) SIRS and BSI with SIRS and 
hypotension had mortality 40% and 49%, respectively 
(27). The other authors noted that the independent risk 
factor for mortality in BSI based on multivariate analysis 
was the presence of septic shock (6, 8, 30). Retamar et 
al. (2014) affirmed that severe sepsis and septic shock 
independently associated with short-term mortality on 
day 14 and day 30 for patients aged ≥85 years (30). The 
presence of septic shock was independently associated 
with in-hospital mortality in the multivariable analysis 
of our research with OR 2.84, 1.33- 6.05, p <0.001.

For source of BSI, the source of bacteremia was identi-
fied in 760/817 (93%) patients in UTI 156/817 (19.1%) and 
lower respiratory tract 417/817 (51%). In most other stud-
ies, the most common sources of infection were lower 
pulmonary infection and UTI. UTI is a common source 
of BSI that has been observed in this research. UTI was 
more common in older patients and very old patients 
reported in 26-51% of cases (21, 30). This was related 
to an indwelling urinary catheter. Even in the absence 
of an indwelling urinary catheter, higher rates of UTI 
in older patients could be secondary to incontinence or 
neurological disorders and to a higher rate of bacteremia 
associated with pyelonephritis (10). Our study reported 
respiratory tract as the source in 51% of the sources of 
BSI and primary respiratory infection was independently 
associated with mortality (OR 1.91, 1.14-3.21, p=0.015). 
These results were compatible with the results of other 
studies (31).  

In Table 2, Gram-negative bacterial BSI-causing patho-
gens (65.7%) are higher than Gram-positive bacterial BSI-
causing pathogens (34.3%). E. coli accounted for 17.3%, 
while S. aureus was 8.7%, compatible with the study of 
X. Zha (32). In another study in China, a 20-year surveil-
lance study (1998-2017) revealed a compatible result. 
Lei Tian showed that the most common Gram-negative 
and Gram-positive pathogens were E.coli and S. aureus 
and the detection rate for methicillin-resistant S. aureus 
(MRSA) in hospitalized non-ICU patients increased from 
8.4% in 1998–2002 to 63% in 2013–2017 (9).

For antibiotic resistance, the rate of pathogens and 

antibiotic resistance differ depending on the hospital 
and the region. The study population revealed ESBL(+) 
rate was 78/817 (9.5%). ESBL(+) for E. coli was 48.9% and 
for Klebsiella was 17.3%. Bacteria with ESBL(+) usually 
have high resistance to common antibiotics, but are sen-
sitive to carbapenem. In the last decade, ESBL-producing 
pathogens were of great medical importance as these 
hydrolyse-lactam antibiotics. In recent years, the spread 
and incidence of ESBL pathogens have increased due to 
the overuse of expanded-spectrum cephalosporins in the 
hospital setting (32). About 80% of strains were resistant 
to penicillins and cephalosporins. Septicemia is a leading 
cause of mortality when caused by ESBL(+) strains. The 
enormous use of cephalosporins might become one of the 
major factors for the increasing rate of ESBL-producing 
microorganisms. E.coli rate with ESBL(+) was higher than 
Klebsiella rate with ESBL(+) identified in some investiga-
tions (9, 26). ESBL-producing pathogens are associated 
with mortality and have proved a controversial topic in 
different studies (33). However, ESBL-producing strains 
can prolong hospitalization times, increase medical 
expenditure, and inflict higher financial burdens on 
patients with these infections (34).

Dekinger et al. demonstrated that among patients 
aged 65 and older admitted to hospital, rates of MDR or-
ganisms are approximately 2-fold higher for MRSA and 
vancomycin-resistant enterococci and 3-fold higher for 
MDR Gram-negative bacteria compared to younger pa-
tients (35). Van Duin described the relationship between 
age and antimicrobial resistance in BSI by organism (36). 
Our investigation revealed the rate of antibiotic multi-
resistance 596/817 (72.9%), of which the rate of MDR, 
XDR, PDR were 72%, 25.5%, 1.7%, respectively and an-
tibiotic multi-resistance was not an independent  prog-
nostic factor of mortality. Leal et al. (2019) showed that 
28.7% of BSI patients were caused by MDR Gram-negative 
bacteria. Age ≥ 60 was a risk factor for MDR bacteremia 
and K. pneumoniae was the most frequently observed 
causative agent and had the highest resistance level (37).

Third-generation quinolone such as levofloxacin was 
the cheapest amongst the most potent antimicrobial 
agents effective against both gram-negative and positive 
organisms. In this present study, quinolone had rela-
tively high resistance to E. coli, Burkholderia cepaciae, 
and Sphingomonas paucimobilis but their resistance 
to other bacteria was low. In practice, quinolones were 
found to be the most potent empirical antibiotic for se-
vere sepsis patients. However, these antibiotics induce 
a lot of resistance and their use must be limited and 
strictly supervised.

Our study identified that many bacteria had a high 
resistance to the third-generation cephalosporins, es-
pecially E. coli with ESBL(+), Burkholderia cepaciae, 
Sphingomonas paucimobilis, and Acinetobacter spp. 
The third-generation cephalosporins have been ob-
served to become increasingly ineffective as shown 
in the published reports (31, 38). The enormous use of 
cephalosporins might become one of the major factors 
for increasing the rate of ESBL-producing microorgan-
isms (35). Some previous studies have observed that 
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amongst aminoglycosides, even in the face of gentamicin 
resistance, amikacin might be recommended because 
of its good susceptibility patterns (32) We have found 
that gentamycin was sensitive to above 50% for S. au-
reus, E-coli, K. pneumoniae, S. aureus, while amikacin 
was more sensitive to K. pneumoniae, S. aureus than 
gentamycin. A research by Ho et al. at the same location 
demonstrated that Gram-negative pathogens still were 
sensitive to aminoglycosides, in line with current study 
(39). This antibiotic is probably less commonly used than 
the quinolone. In this investigation, some bacteria such 
as Acinetobacter sp, Stenotrophomonas maltophilia, 
Sphingomonas were highly resistant to Carbapenems but 
the carbapenems were found to be collectively effective 
for E. coli, S. aureus, K. pneumoniae, Burkholderia cepa-
ciae, Achromobacter. However, the high cost of therapy 
with Carbapenems advocates the use of levofloxacin, 
amikacin as initial empirical therapy. 

For Gram-positive isolates, we only performed antibio-
gram with vancomycin, linezolid, teicoplanin when blood 
cultures were positive for Staphylococcus species, espe-
cially S. aureus. We used antibiotics at the right dose and 
at the right time to limit resistance to antibiotics when 
suspected. The resistance rate for three antibiotics was 
low, approximately 0-4.4%. Some studies observed that 
S. aureus isolates were most sensitive to vancomycin, 
and teicoplanin glycopeptide antibiotics with a sensitiv-
ity rate of 100% (9, 12).

Limitations of the study
Several limitations of this study should be acknowl-

edged. First, we performed a retrospective study, 
therefore some other pertinent information was not re-
corded. Second, it is a single-center study which limits 
its external validity. Third, there was a relatively small 
study sample, which can also influence its generaliz-
ability. Nevertheless, the sample size was large enough 
to demonstrate significant differences, so there was 
enough study power. 

6. CONCLUSION
Tthe current study showed that BSI is often severe 

in older patients. The mortality rate is still high, espe-
cially for nosocomial BSI. It is very important to identify 
causative pathogens as well as antibiotic resistance to 
choose an appropriate treatment. The significant fac-
tors associated with mortality were age >75; SOFA >7; 
respiratory infection; ICU treatment and presentation 
with septic shock.
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