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1. INTRODUCTION 

 

Community acquired bacteremia (CAB) is a leading cause of morbidity and 

mortality in India. It has been estimated that CAB, accounts for more than 250,000 deaths 

each year globally, placing it among the top eight causes of death in the Western countries 

(1). In the developing countries, the average rate of CAB ranges from  16-40 per 100,000 

years (2).Community-acquired bacteremias are often associated with severe sepsis and 

septic shock, occurring at a rate of approximately 10.2 episodes per 1000 intensive care 

unit (ICU) admissions.(3)Mortality from CAB ranges between 13 and 37 %, depending on 

age, co-morbid illness, susceptibility pattern of the isolates and severity of illness (4). Also, 

there has been a documented increase globally in the rates of CAB over the past several 

years (5). The commonest sites of origin of bacteremia. Escherichia coli, Streptococcus 

pneumoniae, and Staphylococcus aureus are the most frequent pathogens (ref). In 10% of 

the cases, source is unknown, and these are known as primary bacteremias (6). 

Administration of inappropriate empiric antibiotics in patients with CAB has been shown 

to be an independent risk factor for poor outcome(3). Hence there has been a recent increase 

in awareness and interest in studying the profile of patients with CAB, and factors 

influencing outcome in patients with CAB. 
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The importance of bacteremic illnesses and associated mortality is under-recognized 

in India as most febrile illnesses are attributed to malaria or typhoid. Our understanding of 

common causes of bacteremic illnesses, their sources and risk factors is grossly inadequate. 

Furthermore, lack of data on the organism causing CAB and their susceptibility resulting 

in inappropriate antibiotic treatment adds to the growing public health threat of 

antimicrobial resistance. Prior studies on CAB from India have been limited to specific 

organisms or retrospective data from microbiology laboratories (7–9). Obtaining this 

important information would be valuable for developing local antibiotic protocols. 

 

Current study was conducted in a tertiary care center in South India with a 

hypothesis that the burden of disease and mortality due to CAB has been underestimated. 

The objectives of this study were to determine the common aetiologic agents and their 

antimicrobial susceptibilities, risk factors, sources, clinical outcome and predictors of poor 

outcome in patients with CAB.  
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2. AIMS & OBJECTIVES 

 

• To determine the clinical profile and source of CAB in patients admitted to CMC, 

Vellore 

 

• To describe the antibiotic susceptibility pattern of bacterial isolates  

 

• To assess the appropriateness of antibiotic therapy and outcome of patients with 

bacteremic illness 
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3. REVIEW OF LITERATURE 

 

Bacteremia is defined as presence of viable bacteria in the blood. It was first 

described by French physician Joseph Davaine (1812 – 1882) (10). Since early 1980s, the 

term bloodstream infections (BSI) has been suggested as an alternative. More recently, the 

advent of improved blood culture systems and techniques have led to identification of 

numerous bacteria causing bloodstream infections. The illness and severity of clinical 

presentation varies based on the type of bacterium and the host characteristics. The 

following classification, based on place of acquisition of bacteremia, makes the 

understanding of various etiologies and their pathogenesis easier.  

 

3.1 Types of bacteremia: 

 

Bacteremias can be classified based on their place of acquisition into three groups (11) 

a. Community-acquired bacteremia (CAB) 

b. Nosocomial bacteremia 

c. Healthcare-associated bacteremia (HAB) 
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Community-acquired bacteremia (CAB) – refers to bacteremic episodes that are present 

or incubating at the time of hospitalization. These manifest within 48 hours after a hospital 

admission, without a preceding stay in a hospital setting 30 days prior to the admission. 

 

Nosocomial bloodstream infection is defined by a positive blood culture obtained from 

patients who have been hospitalized for 48 hours or longer 

 

Health care–associated bloodstream infection, is  a third group introduced by Freidman 

et al (12),  is defined as positive blood culture obtained from a patient at  or within 48 hours 

of admission if the patient fulfils any of the following criteria 

o Received intravenous therapy at home or received wound care/ specialized 

nursing care through a health care agency, or had self-administered 

intravenous medical therapy in the 30 days before the bloodstream infection. 

o Attended a hospital or haemodialysis clinic or received intravenous 

chemotherapy in the 30 days before the bloodstream infection. 

o Hospitalized in an acute care hospital for 2 or more days in the 90 days before 

the bloodstream infection. 

o Resided in a nursing home or long-term care facility. 
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3.2 Burden of Community-acquired bacteremia (CAB): 

3.2.1 Global scenario – 

Bacteremia is a one of the leading causes of death worldwide. The 

overall incidence rate in Western countries is above 100 per 100,000 person-

years.The first population-based study of bacteremia was conducted in  Charleston 

County, South Carolina, USA from 1974 to 1976 (4). In this study, the overall 

incidence rate was 80 per 100,000 person-years. Of the 291 cases of bacteremia 

identified in the study, 62.2% (181/291; 42 per 100,000 person-years) were 

classified as community-acquired, 28.5% (83/291; 31 per 100,000 person-years) 

were classified as nosocomial, while 9.3% (27/291) cases were not classified. More 

recent population-based studies have reported higher incidence rates of 159 per 

100,000 person-years in Finland (approximately 5.2 million inhabitants) during 

2004-07, 189 per 100,000 person-years in Olmsted County, Minnesota, USA 

(124,277 inhabitants) during 2003–05, and 189 per 100,000 person-years in England 

(51 million inhabitants) during 2008(13).  

A longitudinal study from Northern Denmark by Soggard et al, also reported 

increase in incidence rate over time. There was a 46% increase in the overall age 

and sex standardized incidence rate of bacteremia, from114 cases per 100,000 

person-years in 1992 to 166 per 100,000 person-years in 2006. Of the 14,303 

episodes of bacteremia identified from 1992 to 2006, 47.4% were community 

acquired. 
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Cisterna et al from Spain analyzed hospital admissions from January 1994 to 

September 2001. They found that the incidence of CAB was 67.82 % (n= 2886). 

The most common risk factors identified were age more than 60 years, diabetes 

mellitus, immunocompromised state like AIDS etc.. Most common sources   of 

CAB were urinary tract (33%), gut (18%) and respiratory tract.   Escherichia coli 

(36 %), Streptococcus pneumoniae (13%), Staphylococcus aureus (10%) were the 

most common organisms isolated(14).  

A study done in Danish population by Koch et al showed the incidence of 

CAB to be significantly higher among persons with lower socio-economic status 

(SES) than those with higher SES. (OR-2.77; 95 % CI 2.54-3.02), highlighting the 

importance of such studies in developing countries(15). 

 

 3.2.2 Developing countries and Indian scenario: 

Kanoski et al analysed isolates from CAB) among 10 provincial hospitals in 

Thailand from 2004 and 2010. The incidence of CAB was found to have increased 

from 16.7 to 38.1 per 100,000 people per year. The most common causes of CAB 

were Escherichia coli (23.1%), Burkholderia pseudomallei (19.3%), and 

Staphylococcus aureus (8.2%). There was an increasing proportion of extended 

spectrum beta- lactamases (ESBL) producing gram-negative isolates over time (2). 
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In a retrospective systematic review of patients with CAB in Africa, a total 

of 5,124 patients had BSI during the period of this study. The median rate of BSI 

was 3.5 BSIs/1000 patient-days per hospital [IQR, 3.0-4.2]. The study cohort 

designed to estimate the risk factors for administration of inappropriate empiric 

antibiotic, consisted of 1,470 randomly selected patients, of which 432 (29%) had 

CAB. The most common pathogen isolated from BSI in this study were Salmonella 

enterica subspecies in adults (29.1%) and Streptococcus pneumonia in children 

(18.3%)(16).  

Deen J et al conducted a systematic review analyzing CA-BSI in developing 

countries in South and South East Asia.  A total of 17 studies describing 40,644 

patients were analysed.  Overall 3506 patients had bacteremia (9%; 1-51%); 12 % 

of adults and 7% of children were bacteremic. Salmonella enterica serotype Typhi 

was the commonest bacterial pathogen isolated, accounting for 432 of 1723 (25%) 

in children and 532 of 1798 (30%) isolates in adults(17). 

There are no population based studies defining the incidence of CAB in 

India. Atul et al  from India analysed 2400 blood cultures obtained from patients 

who were clinically suspected to have bacteremia.Culture was positive in 493 

(20.5%) cases; Gram-negative bacteria were present in 67.5% of the cases while 

(18).  
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3.3 Origin of CAB: 

 3.3.1 Genito-urinary source: 

   

Urinary tract infections (UTIs) are the most common source of infections 

contributing to community-acquired bacteremia (2,15).   

 The incidence of bacteremia could be as high as 56 % among patients 

presenting with severe urosepsis and septic shock (19). 15 – 25 % of the patients 

with UTI are bacteremic at the time of presentation(20) . Among them, Patients with 

evidence of upper urinary tract infection viz. pyelonephritis and renal abscess are at 

a significantly higher risk of bacteremia. In a study done in Minnesota, Al Hasan et 

al, among the patients with 542 episodes of bacteremic UTI, Median age of the 

patients was 71 years of which 65.1% of them were female. The age-adjusted 

incidence rate per 100,000 patient-years was 55.3 among females and 44.6 for 

males. 

 UTIs are generally due to a single bacterial species, most of which in 

community acquired setting are due to Gram-negative organisms. Escherichia coli 

is by the most common bacterial pathogen contributing to 48-64 % of acute 

infections. The other common organisms causing UTI are Klebsiella, Enterobacter, 

Proetus and Pseudomonas.  Among the Gram-positive isolates, Enterococcus spp  

is the commonest, contributing up to 5% of the cases;  incidence of bacteremia in 

enterococcal infections ranges from 9 – 12 % (21,22). Staphylococcus aureus UTI 
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is usally due to hematogenous seeding of kidneys from a distant focus. In such 

setting among patients who are not exposed to prior antibiotics, bacteremia is seen 

in almost all the cases(23).  

  The morbidity and mortality associated with bacteremic UTI is higher 

compared to ones without bacteremia (9). The mortality among patients with 

bacteremias associated with community-acquired UTI varies from 5.6 – 12% 

(9,24,25) . Proteus mirabilis may be associated with higher mortality than other 

gram negative bacteria (26). 

 

3.3.2 Respiratory source: 

   

Respiratory tract infections contribute to 25-30% of cases due to 

CAB(2,4,15,27). Bacteremia complicating a respiratory tract infection is usually 

seen in the lower respiratory tract infections. The reported incidence of bacteremia 

among these patients varies from as low as 4 % to as high as 14 -18 % in severely 

ill patients(28,29). The common organisms implicated in community-acquired 

pneumonia are Streptococcus pneumoniae (30-45%), Staph aureus (23-33%), 

Klebsiellapneumoniae (20- 29%) and Haemophilus influenza (8 -11%). The 

incidence of bacteremia does not differ significantly among various isolates and is  

was only dependent on the severity of illness at the time of presentation (30–34). 
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In a study, independent predicators of bacteremia in the setting of 

community-acquired pneumonia were presence of liver disease (OR 2.3,[95% CI 

1.6-3.4]); vital sign abnormalities like systolic blood pressure < 90 mm Hg (OR 1.7, 

[95% CI 1.3-2.3]); body temperature < 35ºC or ≥40ºC (OR 1.9, [95% CI 1.4-2.6]); 

pulse rate ≥ 125/min (OR 1.9, [95% CI 1.6-2.3]); laboratory abnormalities like 

blood urea nitrogen (BUN) ≥ 30 mg/dl (OR 2.0, [95% CI 1.8-2.3]); serum sodium 

< 130 mmol/L (OR 1.6, [95 %  CI 1.3-2.1]); WBC counts <5000/mm³ or > 

20000/mm³ (OR 1.7, [95% CI 1.4-2.0]) (35). 

The overall mortality associated with bacteremic pneumonia varies 

from 26 – 65% across various studies, with significant higher mortality among 

bacteremic patients as compared to the ones without bacteremia (31)(30,35,36). 

 

3.3.3. Gastrointestinal source: 

 

Gastrointestinal causes contribute to approximately 15-21 % of all causes of 

CAB(4,14,36,37). The various syndromes associated with occurrence of bacteremia 

are acute gastroenteritis, cholangitis/cholecystitis, Peritonitis, and Intra-abdominal 

abscesses. 

 Bacterial acute gastroenteritis contributes to 25-30 % CAB due to GI source (38). 

Of these, Salmonella, Shigella, E.coli, Campylobacter species are most often isolated 

organisms. The incidence of bacteremia and the setting of its occurrence are different for 



 

 

22 

 

various organisms. Enteric fever, caused by Salmonella enterica serotype typhi and 

paratyphi, contributes from 15 to 28 % of community-acquired bacteremias in many 

developing countries and the incidence of bacteremia, varied between 15-45 % and was 

mainly dependent on severity of presentations and duration of symptoms (16,17,37,39).  

Biliary tract infections (BTI), contribute to 8-18 % of community-acquired bacteremias 

and are associated with high mortality especially among older population (40).The most 

common diagnoses comprising BTIs include cholecystitis (25%) and cholangitis (75%). 

88% of bacterial isolates causing BTIs are Gram negative, of which E.coli and 

Klebsiellasppconstituted the majority. The less common bacterial isolates seen are 

Enterococcus spp, Pseudomonas, Citrobacter and S. aureus(41). The overall 30 day 

mortality associated with bacteremic BTI ranges from 6-12% (40,42). In one study, the 

independent predictors of death among these patients were acute renal failure (OR 6.8, 

[95% CI 6.02-25.5]); septic shock (OR 5.8, [95% CI 4.36-15.64]); malignant obstruction 

(OR 4.3, [95% CI 1.89-12.96]); direct hyperbilrubinemia (OR 1.2, [95% CI 1.10-1.42]); 

and Charlson score ≥ 6 (OR 1.5, [95% CI 1.12-2.22])(41).  

Pyogenic liver abscesses contributes 40 percent of intra-abdominal abcesses and 

usually are result in portal pyemia, rarely results in hematogenous seeding form the 

systemic circulation. Bacteremia can be seen upto 50% of liver abscesses (43). The profile 

of bacterial isolates causing liver abscess usually caused by enteric pathogens followed by 

less common causes like Streptococcus anginosus group which often present with 

metastatic infections(44). 
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 Peritonitis, spontaneous or secondary, is associated with bacteremia in 4-37% based 

on the severity of presentation (45). Among cirrhotic patients with spontaneous bacterial 

peritonitis,  the incidence of bacteremia can vary from 5- 8.8% (46). Gram-negative 

bacteria are the most common bacterial pathogens (75.6%), among which E.coli, Klebsiella 

predominate.  Streptococci, and Staphylococcus aureusare the commonest gram-positive 

organisms. In general, bacteremia is considered severe complication of liver disease and is 

associated with poor prognosis;, mortality rates of the patients with bacteremia are 

significantly higher (54.8% vs 23.2%, p < 0.05) (46). 

 

3.3.4 Skin and Soft tissue: 

  Skin and soft-tissue infections are generally seen as carrying a lower risk of 

death than other types of infection such as pneumonia, meningitis, and intra-abdominal 

infections. However in presence of secondary bacteremia, the morbidity and mortality 

associated with these infections increase tremendously.  

The incidence of bacteremia in patients admitted with cellulitis varies from 7% to 

50% (47–49). In a review of cellulitis cases in a teaching institute between 1997 and 2004, 

308 patients had limb cellulitis. Of these 57 (18.5%) were bacteremic. 24 (42.1%) of these 

isolates were due to non-group A beta- hemolytic streptococci, 14 (24.6%) were due to 

gram-negative bacteria while S.aureus was seen in 6 (10.5%) cases. The factors associated 

with increased risk of bacteremia were absence of prior antibiotics (OR 5.3, 95% CI 1.4-
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20.3), existence of two or more co-morbid conditions simultaneously (OR 4.3, 95% CI 

1.6-11.7), and proximal limb involvement (OR 6, 95% CI 3.03-12.04)(48). 

  

 

Tay et al looked at outcomes of bacteremic patients with cellulitis. 10.8% of the 

cases were bacteremic (n=214). They observed that the mean duration of hospitalization 

was longer and recurrence of cellulitis was higher among the patients with bacteremia (47). 

In a retrospective cohort study of 717 patients with culture positive non-necrotizing soft-

tissue infections admitted between 2005 and 2007, incidence of bacteremia was 52 %. 

Increasing age, previous hospitalization, decubitus ulcers were independent predictors of 

bacteremia. Whereas  increased rates of in hospital death was seen among ICU admissions 

(OR 3.57; 95% CI 2.17, 5.86), bacteremic patients (OR 6.37; 95% CI 3.34, 12.12) (49). 

 A systematic review which was published in 2012 by Gunderson et al showed an 

overall incidence of bacteremia in cellulitis to be 8%; of all the isolates, 19 % were due to 

Streptococcus pyogenes, 38% due to other β-hemolytic streptococci, 14 % due to 

Staphylococcus aureus, and another 28% due to Gram-negative organisms (50). 

3.3.5 CNS Infections: 

 Acute bacterial meningitis is a major cause of morbidity and mortality if untreated. 

The mortality in India and other developing countries due to acute bacterial meningitis 
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ranges from 16-32 % (51). Bacteremia in meningitis is unusual. However its incidence 

varies from 8-50 % among studies done in various centers (51–54).  

Shahum et al analysed a total of 207 cases of community-acquired meningitis. 

Bacteremia was present in 28(14%) of the cases. It was associated with presence of 

diabetes (p=0.02), high treatment failures, and high mortality.  Among the bacteremic 

isolates, N.meningitidits (28%) was the commonest organism followed by S.penumoniae 

(21%), Ggram-negative bacteria (21%), S.aureus (14%), and Hemophilus influenza(7%) 

(52).  

 In a prospective observational analytical study done by Carlos et al in emergency 

department of a hospital in Spain, among 98 patients who had presented with a clinical 

picture of acute meningitis, 38 (38.7%) were due to bacterial meningitis. Of these isolates, 

20 (52.6%) were bacteremic (53). 

 Community-acquired bacterial meningitis has over all high case fatality rates 

reported from 19 – 37%, with increased morbidity (in the form of long term neurological 

sequelae) and in-hospital mortality among bacteremic individuals (54,55). 

 

3.3.6 Primary bacteremia: 

 

 Primary bacteremia refers to BSI of unknown origin in patients without an 

identifiable focus for infection. 
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3.4 Risk factors for bacteremia: 

 

 Most of the patients, who are admitted and diagnosed to have bacteremia, have at 

least one co-morbid condition. In a study of 326 patients, who were admitted with gram-

negative bacteremia, one or more co-morbid conditions were identified in 315 (97%) of 

the patients (56). 

 Age: Incidence of sepsis is greatly increased in elderly adults; age is an independent 

predictor of morality among bacteremic patients (57).  In study done by Martin et al, among 

hospitalized adult sepsis patients in the US,  patients ( ≥ 65 years of age) contributed to  

65% of sepsis, yielding to a 13.1 times relative risk  as compared to their younger cohorts. 

The adjusted OR 2.26 (95 % CI 2.17-2.36) for mortality (57). In another study done in a 

North Carolina community hospital by Mc Cue et al, incidence of Gram-negative 

bacteremia especially secondary to an underlying urosepsis was significantly higher among 

patients with age > 70 years as compared to the younger groups. There was also significant 

increase in mortality among the older group which was independent of other factors (58). 

 Diabetes: Patients with diabetes are at increased risk for infections (59). The various 

mechanisms underlying pathophysiology of this proposed increased risk include depressed 

function of polymorphonuclear leukocytes, decreased leukocyte adherence, impaired 

phagocytosis (60,61). Diabetics are three times more at risk of developing CAB secondary 

to Gram-negative infections, especially due to urosepsis and pneumonia (62). Diabetics are 
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particularly prone to few uncommon conditions e.g.invasive (malignant) otitis externa, 

caused by Pseudomonas aeruginosa, emphysematous pyelonephritis and cholecystitis, 

caused by mixed infection of Gram negatives with anaerobes. In each of these conditions, 

the prevalence of bacteremia can be as high as 75 % depending on the severity (63,64). 

The outcome of diabetics with CAB is significantly worse among age groups 40-65 years 

with a 15 times the increased risk of recurrent infections, hospitalization with a trend 

towards longer stay in hospital, and higher in-hospital mortality as compared to non-

diabetics (62,65). 

 AIDS: Higher incidence of bacteremia among patients with Acquired immuno 

deficiency syndrome (AIDS) is a well-known entity. The incidence of bacteremia in one 

retrospective study was as high as 3200/10,000 person-years as compared to incidence of 

10 episodes of bacteremia per 10,000 in age-matched reference population (p < 0.001) (66). 

Gram-negative organisms were the most common bacterial pathogens in CAB among 

patients with HIV. There was significantly higher proportion of patients with  non-

typhoidal Salmonella(NTS) and Staphylococccus aureus bacteremia as compared to their 

age matched controls without HIV infection(67). The independent risk factors for 

bacteremia at the time of presentation were low CD4 count (<100), neutropenia, and active 

IV drug abuse. Mortality rates among HIV individuals with CAB varied from 7 – 46% in 

a systematic review published by Hudson et al (68).  
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Malignancy:Individuals affected by neoplastic diseases have higher rates of 

infection, especially bacteremias (69). Proven bacteremia in a patient with cancer generally 

indicates impairment of one or more host defenses, such as compromised phagocytic 

function, break in mucosal and integumentary barriers, and defects in humoral and cellular 

immunity related to dysfunctional mononuclear phagocyte system (MPS). Tumor necrosis 

provides an anaerobic microenvironment conducive for the proliferation of anaerobic 

bacteria (70).Accumulation of hemoglobin or iron at the site of tumor due to any cause 

promotes the growth of several hemophilic bactereia e.g.. Vibrio vulnificus, Listeria 

monocytogenes and Yersenia enterocolitica.(71). Many prospective studies have shown 

that patients with bacteremia have longer hospital stay, and higher chance of mortality if 

the presentation  is severe sepsis or septic shock (72,73). 
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Figure 1 :  Microorganisms causing 

bacteremia among patients with 

cancer 

(adapted from Beebe et al) (74) 

 

 

 

 

Immunosuppression: Invasiveness of a bacterial pathogen is inversely 

proportional to rate of its clearance by host defense mechanisms. In a study done in US, 

among peoples who were on immunosuppressive therapy in one form or other, the 

incidence of bacteremia was three fold higher as compared to age and sex matched 

controls(75,76). The various host defense mechanisms contribute to protection against 

bacteremias, failing which an individual is at an increased risk are discussed in later 

section. The various factors which predict the presence of bacteremia in an immune 



 

 

30 

 

suppressed patient are CRP level, absolute lymphocyte count, neutrophil-lymphocyte 

count ratio (NLCR) (75,77) . 

3.5 Severe sepsis and septic shock: 

  

 Sepsis is a deleterious dysregulated inflammatory response of the body to an 

infection which may lead to shock with or without multi organ dysfunction .The definition 

of sepsis has been reconsidered since 1991, with the latest definition from the Society of 

Critical Care Medicine and European Society of Intensive Care Medicine in 2012 (78). 

The diagnostic criteria for sepsis included: 

Infection, documented or suspected, and some of the following: 

 

General variables 

1. Temperature; fever >38.3 ºC or hypothermia <36 ºC 

2. Heart rate >90 beats/min or more than two standard deviations above the normal 

value for age 

3. Tachypnea, respiratory rate >20 breaths/min 

4. Altered mental status 

5. Significant positive fluid balance (>20 mL/kg over 24 hours) 

6. Dysglycemia (plasma glucose >140 mg/dL) in the absence of diabetes mellitus. 
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Inflammatory variables 

1. Leucocytosis (WBC count >12,000/mm³) or leukopenia (WBC count 

<4000/mm³) 

2. Normal WBC count with >10 % immature forms 

3. Plasma C-reactive protein > 2 standard deviations above the normal value 

4. Plasma procalcitonin> 2 standard deviations above the normal. 

Hemodynamic variables 

Arterial hypotension (systolic blood pressure SBP <90 mmHg, MAP <70 mmHg, 

or a fall in SBP more than 40mm Hg) 

Organ dysfunction variables 

1. Arterial hypoxemia (PaO2/FIO2 < 300) 

2. Acute oliguria (urine output <0.5 mL/kg/hr for at least 2 hours despite adequate 

fluid resuscitation) 

3. Creatinine increase >0.5 mg/dL  

4. Coagulation abnormalities ( INR >1.5 or aPTT>60 seconds) 

5. Ileus (absent bowel sounds) 

6. Thrombocytopenia (platelet count <100,000 /mm³)  

7. Hyperbilirubinemia (plasma total bilirubin >4 mg/dL) 
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Tissue perfusion variables 

1. Lactic acidosis (>1 mmol/L) 

2. Decreased capillary refill or mottling  

 

 

3.5.1 Severe sepsis: 

 

Severe sepsis usually refers to sepsis with one or more signs of organ dysfunction 

such as: 

 CVS:  systolic B.P ≤ 90 mm Hg or MAP ≤ 70 mm Hg that responds to IV fluids. 

 Lactate above ( >1.5 times) upper limits of laboratory normal 

 Urine output <0.5 mL/kg/hr despite adequate fluid resuscitation for one hour. 

 Acute lung injury with PaO2/FIO2 <250 in the absence of pneumonia  

 Acute lung injury with PaO2/FIO2 <200 in the presence of pneumonia  

 Bilirubin >4 mg/dL  

 Platelet count < 80,000/mm³ or 50 % decrease form the highest value recorded 

over three days  

 Coagulopathy (INR >1.5). 
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3.5.2 Septic shock: 

 

Septic shock is sepsis with hypotension due to a profound vasodilator response 

despite adequate fluid resuscitation (central venous pressure ≥ 8 mmHg) along with the 

presence of perfusion abnormalities that may include but are not limited to lactic acidosis, 

oliguria, or an acute alteration in mental status. 

 Bacteremic individuals are at a significantly higher risk of developing severe sepsis 

and septic shock during an admission. (79). The incidence of septic shock among 

bacteremic patients is between 7 and 24 %(76,80,81).  The risk factors for development of 

septic shock among bacteremic patients in a study done in France included, male gender, 

age > 75 years, creatinine > 2 mg/dl, presence of coagulopathy (INR >2), and  interstitial 

chest infiltrates (81). In patients with sepsis, bacteremia is associated with early mortality 

(82). 
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Figure 2: The interrelationship between systemic inflammatory response (SIRS), 

sepsis, and infection 

(adapted from Bone et al) (83) 

3.6 Host defense mechanisms: 

  

 Bacteremia develops when the bacteria manage to evade the host immune system 

or when the well-organized immune response fails to contain bacterial spread due to some 

immune defects.  Pathogenesis of bacteremia has some characteristic features which are 

influenced by genetic makeup of the host. Broadly, the immune defense mechanisms which 

help to prevent bacteremia can be divided into innate and adaptive in nature.  
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3.6.1 Innate immune mechanisms: 

 

 Pathogen recognition and host response: 

 

Forbacteremia to occur, pathogens must evade the host defense mechanisms 

either at the site of infection or in the blood. Host immune cells identify 

microorganisms through the sensing of common microbial structures known as 

pathogen-associated molecular patterns (PAMPs), such as lipotechoic acid, 

lipopeptides, lipopolysaccharide (LPS), peptidoglycan, flagellin, and nucleic 

acids(84).Receptors present on the surface of immune and non-immune cells,  which 

are called as pattern recognition receptors (PRRs), recognize and attach 

PAMPs(85). Toll-like receptors (TLRs) are an important group of PRRs and possess 

a major role in host defense against bacteria. TLR2 and TLR4 are especially of 

crucial importance, as they bind to the most common bacterial surface molecules 

like peptidoglycan, lipotechoic acid, lipopetides, and LPS(86). Attachment of PRRs 

to their ligands activates signaling pathways via intracellular proteins, which lead 

to the activation of factors modulating gene expression and pro-inflammatory 

cytokine production(87). A major pathway in inflammatory response is driven by 

the cellular transcription factor nuclear factor kappa B (NFκB) that migrates to the 

cell nucleus and forms a complex with DNA, also resulting in the expression of pro-

inflammatory cytokines(88). TNFα which is  rapidly produced by activated blood 
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cellshas direct pro-inflammatory and procoagulant properties which are further 

complimented by various  other cytokines like IL-1, IL-2, IL-6, and IFN-γ(89).  

  

 Host-pathogen interface:  

 

The first and foremost barrier to pathogen invasion is the skin and mucosal 

surfaces. Pathogens commonly invade the body through the skin, gastrointestinal 

tract, and respiratory tract.Antigen-presenting cells (APCs) residing in the 

epithelium capture and present bacterial antigens to T lymphocytes.Langerhans 

cells in skin  bind and endocytose bacterial antigens, after which they migrate to the 

lymph nodes were they present the antigens to naïve T lymphocytes 

whichsubsequently differentiate into effector T cells (90).This mechanism is lost in 

the event of burn, trauma, or with the use of medical devices therebyrendering the 

host susceptible to infection. 

 

  

 

Cellular innate immune response: 

 

The foremost important cellular host defense against invading bacterial 

pathogens is neutrophils. Neutrophils migration to the site of infection is mediated 

by chemoattractants, like IL-8, and leukotriene B4 (LTB4) secreted by monocytes, 
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macrophages, mast cells, and other host immune cells. PRRs aid in recognition and 

subsequent phagocytosis of invading microorganisms by neutrophils  and this whole 

process is facilitated by Fc and complement receptors that bind to complement and 

antibody-coated microbes(91). After phagocytosis, pathogens contained in 

phagosomes are destroyed by NADPH oxidase and myeloperoxidase mediated  

reactive oxygen species (ROS) or by antimicrobial peptides of granules present in 

cytoplasm (92). Recently, role of neutrophil extracellular traps (NETs), a new 

mechanism of neutrophil antimicrobial defense, has been detailed..NETs comprise 

of histones, chromatin, azurophilic granule, and cytosolic proteins and bind and 

destroy extracellular  pathogens like S. aureus(93). Other cells that possess the 

phagocyte function are tissue macrophages, dendritic cells, and natural killer (NK) 

cells. After their activation, macrophages synthesize a number of chemotactic, 

inflammatory, and immunoregulatory molecules, that orchestrate the migration of 

other cells to the site of infection. They are a major link between adaptive and innate 

immune systems (85). 

 

 

 Complement pathway: 

  

In response to a bacterial invasion, the complement pathway is activated 

through one of the classical, alternative, and mannose-binding lectin (MBL) 

pathways. Phosphoryl choline on the bacterial cell surface binds with C-reactive 
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protein (CRP) and antigen- antibody complexes; amyloid P binds the C1q complex, 

activating the classic complement pathway. Bacterial surface elements, factor B, 

factor D, properdin, and C3 activate the alternative pathway. Cleavage of C3 

produces opsonins (that prime pathogens for phagocytosis), anaphylatoxins, and 

leads to the creation of a membrane attack complex (MAC) which is responsible for 

target cell lysis (94,95). Classical example for compliment-medicated pathogen 

destruction in Streptococcus pneumoniae. 

To preclude excessive activation of the complement system which can be 

potentially injurious, regulatory proteins like C4b-binding protein (C4bp), inhibit 

the classic and lectin pathways. Many bacteria utilise these host regulatory proteins 

to dodge complement-mediated killing. Using such mechanisms, bacteria 

likeStreptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, 

and Pseudomonas aeruginosa, , can evade innate immune system and rapidly 

disseminate throughout the body. (96).\ 

 

 3.6.2 Adaptive immunity 

In contrast to innate immunity, the adaptive immunity is recruited a 

little later in the infection process and consists of B-cell and T-cell specific 

responses. Presentation of exogenous antigens/microbes to the lymphocytes is 

central and key step in adaptive immunity. This step is carried out by antigen 

presenting cells (APCs) and monocyte/macrophage system via MHC-I or II 

dependent mechanisms (97).  
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T-helper cells expressing CD4 molecule use MHC-II molecules in 

recognizing the antigens on the bacterial surface. Upon stimulation, naïve 

CD4+ cells differentiate into Th1, Th2, and Th17 cells. Th1 response promotes the 

production of pro-inflammatory cytokines like IFN-γ, TNF-α, IL-2, and IL-1β. Th2 

cells produce IL-4, IL-10, IL-13, which help in supporting antibody mediated 

immune responses. Th17 cells produce IL-17, IL-21, IL-22, IL-26, which mediate 

neutrophil recruitment and activation, and are crucial for clearance of extracellular 

bacteria (98). CD8+ T cells produce potent inflammatory cytokines like IFN-γ and 

TNF-α and destroy target cells with cytolysis. They are the major effector cells 

against intracellular pathogens. They utilize MHC-I mediated mechanism for 

activation and when stimulated,  they differentiate into cytolytic cells (CTLs)  which 

mediate apoptosis of cells by secreting pore forming proteins (99). 

 

B-cells are responsible for production of antibodies directed against specific 

antigenic components of pathogens. Immunoglobulin molecules consist of the 

constant region (Fc) that binds to Fc receptors present on the surface of immune 

cells. This is responsible for most of effector functions. Antibodies may interact 

with the binding of pathogens thereby neutralizing their effect and limiting 

microbial infectivity. They also play a role in opsonisation of the bacteria facilitating 

neutrophil and macrophage phagocytosis, and mediate antibody-dependent killing 
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of pathogens by NK cells. In the setting of second encounter with the same antigen, 

B cells produce larger amounts of antibodies (memory response). 

 

Liver and spleen act as filters for bacteria form the bloodstream and spleen 

is also considered as a major site of antibody production. That is why, patients with 

anatomical or functional aspenia are at tremendous risk of infections mediated by 

capsulated organisms (100). 

 

3.7 Antimicrobial resistance: 

Antimicrobial resistance in the community-acquired bacteremic isolates has 

been an increasing public health threat. The mechanisms of resistance have been 

best described in β- lactam group of antibiotics.  

 Principally there are three mechanisms of resistance: (101) 

1. Decreased penetration to the target site: The outer membrane of Gram- 

negative bacilli provides an efficient barrier to the penetration of the beta-lactam 

antibiotics to their target, penicillin binding proteins (PBPs), in the bacterial plasma 

membrane. β-lactams usually must pass through the hydrophilic porin protein 

channels in the outer membrane of Gram-negative bacilli to reach the periplasmic 

space and plasma membrane. The permeability barrier of the outer membrane is a 

major factor in the resistance of Pseudomonas aeruginosa to many β-lactam 

antibiotics. 
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2.  Alteration of the target site:. Alterations in PBPs may influence their binding 

affinity for beta-lactam antibiotics and therefore the sensitivity of the altered 

bacterial cell to inhibition by these antibiotics. Such a mechanism is responsible for 

penicillin resistance in Gram-negative pneumococci, (30),  methicillin (oxacillin) 

resistance instaphylococci, increasing resistance to β-lactams in organisms such as 

gonococci,enterococci, and Haemophilus influenzae. 

 

3. Inactivation by a bacterial enzyme:(102) 

Production of β-lactamase is the major mechanism of resistance to the β-lactam 

antibiotics in clinical isolates. Such bacterial enzymes may cleave predominantly 

penicillins, cephalosporins, or both (β-lactamases), Their production may be 

encoded within the bacterial chromosome (and hence be characteristic of an entire 

species) or the genes may be acquired on a plasmid. Bacteria may synthesize the β-

lactamase constitutively (as for many plasmid-mediated enzymes) or synthesis may 

be inducible in the presence of antibiotic. Inducible β-lactamases may not be reliably 

detected by initial susceptibility testing, particularly with the newer rapid methods. 

Evolution and dissemination of β-lactamases  

Around fifty years ago, antibiotic era began with discovery of penicillin. 

Within few years of its introduction, penicillinase producing S.aureus started to 

proliferate in hospitals. To overcome this problem, penicillinase resistant penicillins 



 

 

42 

 

were manufactured. Shortly afterwards, broad spectrum penicillins and first 

generation cephalosporins were brought in. They remained the first line of defense 

against microbes for over 20 years before resistance due to β-lactamases produced 

by gram negative bacilli became a serious problem.(103) 

 

 

ESBL: 

Extended-spectrum beta-lactamases (ESBL) are enzymes that confer 

resistance to most beta-lactam antibiotics, including penicillins, cephalosporins, and 

the monobactamaztreonam.(104) ESBLs are most likely to be found in K. 

pneumoniae, K. oxytoca, and E. coli but have been reported in Citrobacter, 

Salmonella ,Enterobacter, Serratia , Proteus, , and other genera of enteric 

organisms and in such nonenteric organisms as Acinetobacter baumannii  and P. 

aeruginosa.(105) 

Classification of Extended spectrum β-lactamases 

Various classification schemes have been proposed by manyresearchers. 

Classification of Sawai et al,(106) in 1968 was based on response to antisera and  

the  Richmond and Sykes scheme in 1973 was on the basis of substrate profile. 

Extension of the Richmond &Sykes scheme by Sykes et al in 1976, was based on 

differentiation by isoelectric focussing.(107) In the scheme proposed byMitsuhashi 
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and Inoue in 1981,(108) the category “cefuroxime hydrolyzing β-lactamases” was 

added to “penicillinase&cephalosporinase” grouping. The groupings put forward by 

Bush in 1989 was based on correlation of substrate and inhibitory properties with 

molecular structure.(109)  However, the number and variety of enzymes have 

proliferated beyond the boundaries of the scheme. A modern scheme based mainly 

on molecular structure classification was proposed by Ambler,(110) includes only 

those enzymes that have been characterized. Recently a new classification scheme 

has been developed to integrate functional as well as molecular characteristics. The 

Bush-Jacoby-Medeiros schemeclassifies a total of 178 β-lactamases from naturally 

occurring bacteria into four groups based on substrate and inhibitor profiles. The 

enzymes can be classified on the basis of their primary structure into four molecular 

classes (A through D), or on the basis of their substrate spectrum and responses to 

inhibitors into a larger number of functional groups. Class A and class C β-

lactamases are the most common and have a serine residue at the active site, as do 

class D β-lactamases. Class B comprises the metallo-β-lactamases. 

 

Types of ESBL 

TEM-Type ESBLs (Class A): 

Amino acid substitutions at many sites in TEM-1 β-lactamases can be created in the 

laboratory without loss of activity. Those responsible for the ESBL phenotype 

change the configuration of the active site of enzyme, allowing the binding of 
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oxyimino-β-lactams. Opening the active site to β-lactam substrates also typically 

enhances the enzyme’s susceptibility to β-lactamase inhibitors, such as clavulanic 

acid. Amino acid substitutions distinct from those causing the ESBL phenotype can 

render resistance to inhibitors, but the combination of inhibitor resistance and an 

extended spectrum of activity is usually, with rare exceptions incompatible.(111) 

More than 130 TEM enzymes have been currently recognized, and their variety 

provides a useful way to follow the spread of individual resistance genes. TEM-10, 

TEM-12, and TEM-26 are among the most common in North and South America. 

SHV-Type ESBLs (Class A): 

SHV-1 shares 68 percent of its amino acids with TEM-1 and has a similar overall 

structure.(112)As with TEM, SHV-type ESBLs have one or more amino acid 

substitutions around the active site. More than 50 varieties of SHV are currently 

recognized on the basis of unique combinations of amino acid replacements. SHV-

type ESBLs currently predominate in surveys of resistant clinical isolates in Europe 

and America.(113) SHV-5 and SHV-12 are among the most common members of 

this family. 

 

CTX-M–Type ESBLs (Class A): 

The most common group of ESBLs not belonging to the TEM or SHV families was 

termed CTX-M to highlight their greater activity against cefotaxime than against 
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ceftazidime. More than 40 CTX-M enzymes are currently known. Belying their 

name, some hydrolyze ceftazidime more rapidly than they do cefotaxime. CTX-M-

14, CTX-M-3, and CTX-M-2 are the most widespread of these. 

Other Class A ESBLs:  

Other Class A ESBLs are uncommon and have been found mainly in Pseudomonas 

aeruginosa and at a limited number of geographic sites: PER-1 in isolates in Turkey, 

France, and Italy; VEB-1 and VEB-2 in strains from Southeast Asia; and GES-1, 

GES-2, and IBC-2 in isolates from South Africa, France, and Greece.(114) PER-1 

is also common in multi resistant Acinetobacter species in Korea and Turkey. (115) 

Some of these enzymes are found in Enterobacteriaceae as well, whereas other 

uncommon ESBLs (such as BES-1, IBC-1, SFO-1, and TLA-1) have been found 

only in Enterobacteriaceae.(116) 

 

OXA-Type ESBLs (Class D): 

Twelve ESBLs derived from OXA-10, OXA-1, or OXA-2 by amino acid 

substitutions are currently known.(117)they have been found mainly in 

P.aeruginosa in specimens from Turkey and France. Most OXA-type ESBLs are 

relatively resistant to inhibition by clavulanic acid. Some confer resistance 

predominantly to ceftazidime, but OXA-17 confers greater resistance to cefotaxime 

and cefepime than it does resistance to ceftazidime.(118) 
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Plasmid-Mediated AmpC Enzymes (Class C): 

AmpC β-lactamases, usually inducible by β-lactams, are encoded by chromosomal 

genes in many gram-negative bacilli. Mutations that increase their expression are 

responsible for the ready emergence of broad-spectrum cephalosporin resistance in 

Enterobacter cloacae.(119)The AmpC enzyme in E. coli is poorly expressed and the 

AmpC gene is missing from the chromosome of Klebsiella and Salmonella species, 

but plasmid-mediated AmpC enzymes can give these organisms the same resistance 

profile as a  β-lactam–resistant enterobacter isolate. More than 20 different AmpC 

β-lactamases have been found to be mediated by plasmids. Some, like the parental 

chromosomal enzymes, are accompanied by regulatory genes and are inducible, but 

most are not. Characteristically, AmpC β-lactamases provide resistance to 

cephamycins as well as to oxyimino-β-lactams and are resistant to inhibition by 

clavulanic acid. 

 

Carbapenemases (Classes A, B, and D): 

Carbapenemases are a diverse group of enzymes. They are a source of considerable 

concern because theyare active not only against oxyimino-cephalosporins and 

cephamycinsbut also against carbapenems.(120)Plasmid-mediated IMP-type 

carbapenemases,17 varieties of which are currently known, became establishedin 

Japan in the 1990s in both enteric gram-negative organismsand in pseudomonas and 
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acinetobacterspecies.A second growing family of carbapenemases, the VIM family, 

wasreported from Italy in 1999 and now includes 10 members, whichhave a wide 

geographic distribution in Europe, South America, the Far East and the United 

States. A few class A enzymes, notably the plasmid-mediated KPC enzymes,are 

effective carbapenemases as well. Finally, some OXA-typeβ-lactamases have 

carbapenemase activity, augmented in clinicalisolates by additional resistance 

mechanisms, such as impermeabilityor efflux. 

 

Burden of ESBL: 

 The distribution of the enzymes responsible for resistance to oxyimino-

cephalosporins and carbapenems is far from uniform. Some hospitals in the United 

States seem to have no ESBLs, whereas in other hospitals as many as 40 percent of 

K. pneumoniae isolates have been reported to be ceftazidime-resistant as a result of 

ESBL production.(121) 

In a study of more than 4700 K. pneumoniae isolates, the percentage expressing an 

ESBL phenotype was highest in isolates from Latin America (45.4 percent), the 

Western Pacific (24.6 percent), and Europe (22.6 percent) and lowest in strains from 

the United States (7.6 percent) and Canada (4.9 percent). In more than 13,000 

isolates of E. coli, the percentages expressing the ESBL phenotype were as follows: 

in Latin America, 8.5 percent; in the Western Pacific, 7.9 percent; in Europe, 5.3 

percent; in the United States, 3.3 percent; and in Canada, 4.2 percent.(122) 
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 In a dissertation by Mathai D, ,CMC vellore , among 672 patients with 

bloodstream, skin and soft tissue and closed space infections caused by Gram-

negative group study pathogens,community acquired 37.9% was and 

nosocomial28.8%. ESBL; E.coli community acquired was 26.2%, 25% in 

Klebsiellaspp., and 32.2% in Enterobacter spp. In the nosocomial group 72.8% was 

due to ESBL E.coli, 26.4% Klebsiellaspp and 25.8% Enterobacterspp(123). In a 

study of  678 Gram-negative bacteria from various clinical samples obtained from 

patients admitted in the All India Institute of Medical Sciences, New Delhi from 

March 2001 to June 2001, 458 (68%) were found to be ESBL producers. Among 

the bacterial species, ESBL production was most common in Klebsiella spp. (80%). 

The proportion of ESBL positive isolates was highest from intensive care units 

(79%), followed by medical oncology (75%), medical (54%) and surgical wards 

(50%).(124) 

 In a study done by Abhilash et al, CMC Vellore between February 2007 and 

May 2007, a131 adult patients with E.coli or Klebsiellaspbacteremia were followed 

up for14 days. Among these isolates totally 49/131(37.4%) were community 

acquiredand the rate of ESBL among the community-acquired isolates was 54.5% 

(125). 
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Resistance among Gram-positive isolates: 

   

 Staphylococcus aureus: 

S.auruesresistant to methicillin were described very soon after introduction 

of the drug in 1960. Methicillin-resistant S.aureus (MRSA) is currently endemic in 

India. Its incidence varies from 25 % in the western parts of India upto 50 % in south 

India (126).). 

As described before, the resistance to methicillin in Staphylococcus aureus 

is due to alteration of Penicillin binding proteins (PBP). This is due to acquisition 

of gene mecA which is later integrated into the s.aureus chromosome.   

In a recently published study done at multiple centers in Europe, most common 

cause of skin and soft tissue infection (SSI) was S.aureus (71%); of these isolates, 

22.5% were MRSA. The proportion of MRSA was different for different countries, 

ranging from 0.4% in Sweden to 48.4 % in Belgium (127). Another study done in 

US over 10 years, showed MRSA with a rising percentage of community acquired 

MRSA (CA-MRSA) (128). 

In a two year prospective study done in India by Joshi et al, the prevalence of MRSA 

ranged from 40 - 42 % (129). Another study from Northern part of India had a 

prevalence of 46% and the MRSA isolates were more resistant to various other 

antibiotics than MSSA. 



 

 

50 

 

D’ Souza et al looked at 412 confirmed cases of MRSA, observed that 54 % were 

due to true CA-MRSA having the SCCmecIV & V genes (130). D mathai et al, CMC 

vellore, looked at 483 patients with S.aureus skin infections occurring between 

January and June 2005, the overall MRSA infection rate was 27.8 % and CA-MRSA 

31(6.4%) (131) . 

 Streptococcus: 

Streptococcus pneumoniaeis responsible for most of the infections arising 

from this genus of bacteria followed by Group A and non-group A β-hemolytic 

streptococci.   

A landmark trial Invasive Bacterial Infection Surveillance (IBIS) study was 

a hospital based surveillance study which was performed in six large hospitals. In 

this study, of the total 564 adults included, 307 (54.4%) patients had invasive 

pneumococcal disease. Intermediate resistance to penicillin was noted in only four 

(1.3%) isolates, however resistance to chloramphenicol and Cotrimoxazole was 

seen in 9 % and 51% respectively (132). Kang et al from Hong Kong, found that the 

rate of quinolone resistance among the community-acquired pneumococcal isolates 

was 4.7 %. Their analysis showed that previous treatment with Fluoroquiniolones, 

healthCare associated infection and cerebrovascular disease were at higher risk of 

rendering isolate non susceptible to levofloxacin (133). 
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3.8 Clinical manifestations and Predictors of bacteremia: 

 

Sepsis is serious life threatening condition with high rates of morbidity and 

mortality. It has been well established that presence of bacteremia among patients 

with sepsis is an independent predictor of poor outcome. In a large cohort study 

done on patients with sepsis, resuscitation and treatment during the first hour of 

hospitalization had  significant effect in- hospital and 30-mortality (78). Hence, 

categorization of patients based on their clinical presentation is important. Clinical 

manifestations of bacteremic patients can be varied depending on age, source, type 

of organism, and presence of comorbidities. 

Among various parameters that predict presence of bacteremia, age (> 40yrs),chills, 

temperature > 39 ºC, tachycardia (PR >120/min), and elevated CRP are the most 

consistent with a collective negative predictive value of 92- 95% for presence of 

bacteremia (134–136). Tokuda et al proposed a simple algorithm for prediction of 

bacteremia among patients presenting with sepsis syndrome, risk stratifying them 

into three groups summarized in figures 3 and 4 below. 
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Figure 3: Classification algorithm for predicting bacteremia in patients with acute 

febrile illness (temperature ≥38°C) in the first scenario (without use of laboratory 

data). 
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Figure 4: Classification algorithm for predicting bacteremia in patients with acute 

febrile illness (temperature ≥38°C) in the second scenario (with use of laboratory 

data) 

 

 The physician’s diagnosis of low risk infective sites included acute bronchitis, acute 

diarrhea, acute otitis media, acute viral syndrome, acute pharyngitis, acute sinusitis, and 

pelvic inflammatory disease. 

Based on this classification, the prevalence of bacteremia observed was 25%, 11%, and 1.5 

% on an average in groups among patients with high, intermediate and low risk groups 

respectively. The sensitivity and specificity of this model to predict bacteremia were 87-

92% and 67-72 % respectively (134).  



 

 

54 

 

 However in systematic review, it was seen that the classical clinical manifestations 

may not be present at the time of admission among the individuals who are on 

immunosuppressive therapy or having underlying conditions leading to 

immunosuppressive states (68).  

 

 

3.9 Assessment of severity of illness among patients with CAB: 

 

At the time of presentation, prognostication of bacteremic illness is important for decision 

making regarding admission, ICU care and choice of antibotics. However in the setting of 

bacteremic illness, there are many scoring systems which provides this information, the 

following scoring systems have been validated for use.  

Pittsburg bacteremia score (PBS): 

  This score consists of 5 components- fever, mental status, vital signs, requirement 

for mechanical ventilation, and any recent cardiac arrest prior to admission. All the 

components have a pre-assigned score. A total sum of all the individual scores is used to 

assess the severity of illness. Severity of illness is graded within 48 hours of taking the 

blood culture. Patients accumulating 4 or more points are defined as severely ill(137). Refer 

to annexure-1 for the detailed scoring chart. 
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Charlson’s Co-morbidity index (CCI): 

 Charlson’s index is a composite scoring system, which assigns a numerical value to 

each existing co-morbid condition, (which have been predefined using standardized 

methods) based on which a Charlson’s score can be calculated(138).Charlson’s index 

(CCI) is then adding the age and comorbidity score. Based on the index,1- year mortality 

percentages are estimated. The mortality rates predicted using CCI and the scoring system 

are given in Annexure-2. 

Sequential organ failure assessment (SOFA) score: 

 This is a scoring system which determines the extent of organ dysfunction or rate of 

failure of the organs in a severely ill patient with sepsis. The score is based on six variables 

to assess each organ system viz. Respiratory system (PaO2/FiO2 ratio),CVS (Mean arterial 

pressure MAP), CNS (Glasgow coma scale GCS), Renal (creatinine), Liver (bilirubin) , 

Coagulation (platelets) each of which is given a score which is predefined using 

standardized methods. The score is a total sum of all the individual variables. Both the 

mean and the highest possible SOFA score during an admission are predictors of outcome. 

An increasing trend in SOFA score during the first 48 hours predicts a mortality of 50%. 

A score less than 9 renders a predictive mortality of 30 % while score greater than or equal 

to 11,  can be close to 95 %. The detailed scoring system is given in annexure 3. 
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Acute physiology and chronic health evaluation (APACHE) score: 

  

 This model was first presented by Knaus et al (139). There are three versions of this 

score, however, APACHE II is the standardized and well described entity across various 

studies, applied within 24 hours of admission and an integer score ranging from 0 – 71 is 

calculated. The score is calculated from 12 routine physiological variables. The highest 

score is the predicted mortality, detailed scoring sheet attached in annexure-4. 

 

In a study done by Rhee et al, it was seen that among patients with sepsis admitted 

to ICU, Pitt’sbacteremia predicted mortality the best compared to APACHE II and CCI. 

Combination of PBS with CCI can be a substitute for APACHE II as the co-relation is good 

(140). 
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3.10 Management strategies in a patient suspected with bacteremia: 

 

 Sepsis is a potentially curable condition, which if not managed appropriately can be 

life threatening. Bacteremic patients who present with severe forms of sepsis have higher 

mortality.  The following strategies should be adapted while treating a patient with CAB:- 

 

Initial resuscitation: 

  Any patient with sepsis-induced hypoperfusion should be aggressively fluid 

resuscitated especially within first 6 hours of presentation. The goals to be achieved during 

this period are  

 Central venous pressure (CVP) 8-12 mm Hg  

 Mean arterial pressure (MAP) ≥ 65 mm Hg 

 Urine output ≥ 0.5 ml/kg/hr. 

 Central venous saturation of 70% or mixed venous saturation of 65%  

 In patient with lactic acidosis, the target of resuscitation is normalization of lactate levels  

Diagnosis: 

  

Cultures should be drawn provided there is no significant delay in administration of 

initial antimicrobials (>45 min). At least 2 sets of blood cultures from two different sites, 

(in appropriate setting, anaerobic cultures to be included), should be drawn with a 

minimum of 10 ml blood and inoculated into culture bottles using another sterile needle. 
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Control of septic focus: 

  

 With regards to prudent initial management of sepsis, there is no substitute to a 

careful history and physical examination, which may yield clues to the source of sepsis and 

thereby guide further decision making. 

 Once an active infective focus is identified, prompt and effective treatment is 

mandatory for successful treatment of sepsis. Local measures for eradication of septic focus 

include drainage of abscesses, removal of foreign bodies, debridement / amputation if 

clinically indicated.   

  

Empirical antibiotic: 

 

 Intravenous antibiotic in any patient with suspected bacteremia should be 

administered within 6 hours (preferably within 1hour) of admission to the hospital. The 

choice of antibiotics is usually based on patient’s history, co-morbidities, place of 

acquisition of presumed infection,, site of infection, and local resistance patterns. When 

the potential pathogen / source is not immediately obvious, it may be preferable to 

administer broad-spectrum antibiotics (eg carbapenems) which cover both Gram-positive 

and Gram-negative organisms; and later, once culture results are available, one may de-

escalate to more specific and narrow-spectrum antimicrobials. 
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3.11 Outcomes of patients with CAB: 

 

 Community acquired bacteremia is a condition associated with high rates of 

mortality. The rates of mortality at the end of one month of contracting a bacteremic illness 

range from 15-37% (3,4,32,141–143). The adjusted 30- day relative mortality among the 

bacteremic patients as compared to non bacteremic controls ranges from 1.3 -3.0 (141,144) 

In a retrospective study of 81 episodes of gram-negative bacteremia in non-neutropenic patients 

from Greece, factors associated with a higher death rate included(145), 

 Acute respiratory distress syndrome (ARDS) 

 Septic shock 

 Disseminated intravascular coagulation (DIC) 

 Unknown origin of infection 

 Inappropriate antibiotic treatment 
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Prognostic indicators: 

  In a study done on diabetic patients with bloodstream infections, the variables with 

independent risk factors for early mortality were diabetic ketoacidosis (OR 3.9; 95% CI 

1.6-8.9), inappropriate empirical antibiotics (2.25, 95% CI 1.05-4.82), and chronic steroid 

use (OR 3.9, 95% CI 1.1-13.2)(146).  

 Inappropriate empirical antibiotics therapy is an individual risk factor for mortality 

in many studies done on bacteremic population (147–149).  In various studies, the empiric 

choice of antibiotic was inappropriate ranging from 20-35% .The possibility of empirical 

antibiotic being inappropriate was highest when the bacterial pathogen was gram-positive. 

In a study, it was seen that every third person had received inappropriate antibiotics when 

the pathogen was MRSA (150). 

 Age of the host is another independent predictor of mortality among bacteremic 

patients. Odds of mortality are 2-3 times higher when age is more than 65 years  (13,57). 

 Most of the studies indicates poor outcome when the source of the bacteremia is 

respiratory tract (17,37,68,141,151). Among patients with bacteremic community-acquired 

pneumonia, elderly (> 60 years) people requiring mechanical ventilation and having 

received inappropriate empirical antibiotic therapy are at the highest risk for in-hospital 

mortality(OR 12.3, 95 % CI 3.66 – 21.2) (32,35).  
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 Antibiotic resistance among the bacterial pathogens is associated with poor 

outcomes. In a retrospective study, mortality  due to multidrug resistant organism was 

significantly higher than susceptible pathogens (OR 3.64, 95% CI 1.13-11.72) (143). 

 

 

3.12 Justification for this study: 

  

 Bacteremic illnesses are associated with high morbidity and mortality despite 

modern antibiotics and intensive care. The early administration of appropriate antibiotics has been 

shown to be an independent predictor of survival in patients with severe sepsis or septic shock.  

Epidemiological data are essential for designing local treatment protocols based on antibiotic 

susceptibility pattern of the organisms. Such comprehensive data from our country is sparse. 

This study aims to fill in the gap by evaluating the community-acquired bacteremia to 

determine the common etiologic agents, risk factors, sources of bacteremia, antibiotic 

susceptibilities clinical outcome and predictors of poor outcome.  
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4. PATIENTS AND METHODS 

 

4.1 Study design and setting: 

Design- Prospective cohort study  

Setting–  

  This study was performed at Christian Medical College Vellore, a tertiary 

teaching hospital situated in Tamil Nadu, 140 Km west of Chennai. It was established in 

1900 and now forms one of the largest referral centers in South India.  There are about 

2700 bed overall with 168 beds dedicated for ICU care. The annual outpatient visits as 

per 2013-2014 records was 2.2 million and the inpatient admissions were 140,000. 

 Department of General Medicine functions as 5 separate units in addition to the 

Department of Critical Care taking care of the ICU. All the units are involved with 

regular patient care with twice weekly outpatient services and inpatient services in 

general wards as well as ICU/HDU. Medical Intensive Care Unit (ICU) and High 

Dependency Unit (HDU) have 12 beds each (total 24 beds) which function on an open 

system with one of the General Medicine units admitting patients directly. Medical ICU 

admits patients from all specialties whereas Medical HDU beds are restricted to the 

General Medical units only. There are about 150 general beds shared between the four 

units apart from the ICU/HDU and the private beds. There is an average 100 admissions 

to ICU/HDU every month.  
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4.2 Study population: 

 

All patients admitted to general medical wards or ICU with a positive blood 

culture during the study period of 1st June 2014 to 31st May 2015 were considered for 

inclusion into the study. 

Inclusion criteria: 

1. All patients with a positive blood culture requiring admission  

2. Age must be  ≥ 16 years  

3. Positive blood culture should have been  drawn  within 48 hours of admission  

 

Exclusion criteria: 

 

1. Nosocomial blood stream infection  

2. Health care associated infection  

3. Patients not willing to participate in this study 
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 This prospective cohort study where any patient with a positive blood culture 

following admission was assessed for eligibility. All the eligible patients were given an 

information sheet regarding the purpose of the study, which was translated to their own 

language and any doubts regarding the same were clarified.  All the patients who were 

willing to participate in the study were recruited after obtaining an informed consent. In 

case of altered sensorium, poor general condition of the patients, the guardian or relative 

of the patient was approached for the informed written consent. 

 Blood cultures were done by venipuncture from a peripheral vein after adequate 

preparation of the skin with povidone iodine (Betadine) / Chlorhexidine. A minimum of 5 

ml of blood was inoculated into a blood culture bottle (BacT/ALERT) which is used with 

the BacT/ALERT microbial detection system in qualitative procedures for enhanced 

recovery and detection of aerobic and facultative anaerobic microorganisms. The blood 

culture bottles were then transported to the department of Microbiology where culture 

and sensitivity tests were done. In all patients only the first episode of bacteremia was 

included for analysis. 

Any patient who had a positive blood culture within 48 hours of admission was 

diagnosed to have community acquired bacteremia if he/she did not have any 

hospitalization within 30 days prior to admission. 

 The data was collected using a pre-designed proforma. The demographic 

details, co-morbidities and the possible source of infection, history of prior antibiotic use 

and the details of antibiotics used for the current episode of bacteremia were noted. The 
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antibiotics were prescribed by the treating physician and the choice was not influenced by 

the study. A detailed note of the empirical choice of antibiotic made, the appropriateness 

of antibiotic and whether appropriate escalation / de-escalation of the empirical antibiotic 

was made, was obtained. The clinical research form (CRF) is enclosed in the annexure- 5. 

 After obtaining the detailed history of existing co-morbidities from each 

patient, a Charlson’s Comorbidity Index (CCI) was calculated in order to describe the 

baseline illness of the recruits more accurately. Chalrlson’s index is a composite scoring 

system, which assigns a numerical value to each existing comorbid condition, (which have 

been predefined using standardized methods) based on which a Charlson’s score can be 

calculated.(138) Charlson’s index is later adding the age and comorbidity score. Based on 

the index, estimated 1 year mortality percentages were estimated. The scoring system is 

included under annexure 2 

 The various symptoms and duration of each symptom was obtained. The clinical 

signs at the time of presentation were thoroughly assessed and documented. Records of 

medications which the patient was currently on and any antibiotic given prior to the 

admission were documented. In case of unavailability of documented prescription, it was 

labelled unknown if the patient failed to procure any form of prior documentation. 

 Severity of acute illness was assessed at the time of the positive blood culture by 

using the PITT bacteremia score, which is a validated scoring system that is based on 

mental status, vital signs, requirement for mechanical ventilation, and any recent cardiac 
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arrest prior to admission. Severity of illness was graded within 48 hours of recruitment. 

Patients accumulating 4 or more points were defined as severely ill. The scoring system 

is included under annexure 3 

 A note of all the lab parameters during the admission was made in the clinical 

research form. To accurately measure the severity of illness, Sequential Organ Failure 

Score (SOFA) was calculated using mean of variables. SOFA scoring is a validated 

scoring system which consists of a variable to assess each organ system viz. Respiratory 

system (PaO2/FiO2 ratio), CVS (Mean arterial pressure MAP), CNS (Glasgow coma 

scale GCS), Renal (Creatinine), Liver (Bilirubin) , Coagulation (Platelets) each of which 

is given a score which have been predefined using standardized methods. The score is a 

total sum of all the individual variables. In our study highest possible SOFA score for 

each parameter was calculated using the worst of the parameters within first 48-72 hours 

of admission. A minimum possible score was 0 and maximum possible was 24, based on 

the existing literature, a score of 11 or more during an admission was associated with 

greater than 90% mortality.  

Source:-The source of bacteraemia was attributed to a urinary tract, intra-abdominal 

focus, cardiovascular, respiratory, central nervous system, soft tissue, gastrointestinal 

or if a focus cannot be identified, classified as a primary bloodstream infection. The 

source of bacteraemia will be localized to the above sites if same organism is isolated 

from a fluid specimen from that site or  demonstration of clinical features and imaging 

confirming the involvement.  
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Pneumonia – Fever with respiratory symptoms such as cough, breathlessness and 

signs such as crepitations or that of consolidation supported by patch on chest X-ray. 

Urinary tract – Fever with dysuria, renal angle tenderness and urine examination 

revealing >10 pus cells 

Biliary source - Fever with jaundice, right upper abdominal pain with predisposing 

conditions such as cholelithiasis 

Intra-abdominal source (other than biliary) – Fever with abdominal symptoms and 

evidence of any collections or intestinal obstruction 

Heart - Fever with multiple blood culture positivity with evidence of vegetation on 

the endocardium  

Central nervous system – Fever with altered sensorium or seizures, meningismus 

with CSF/ imaging features to suggest meningitis/meningoencephalitis. 

Skin and soft tissue infection - Any clinical features suggestive of cellulitis / 

necrotizing fasciitis / abscess 

Antibiotic choice:- 

The antibiotic is defined to be appropriate if the bacterial isolate is susceptible to it 

based on the antibiogram. The CMC Hospital antimicrobial protocols will be 

considered as standard against which the appropriateness of the choice, dose, route, 

and duration will be assessed. 
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Follow up: 

 The patients were followed up until 28 days or discharge, which ever was later to 

assess the clinical outcome. Among those who were discharged prior to 28 days, a 

telephonic interview of contact no obtained through the research form was conducted.  

Outcome: 

 Primary outcome –  

 All-cause mortality at 14 days and 28 days or discharge following 

admission  

         Secondary outcome – 

 Appropriateness of the empirical choice of antibiotic  

 Length of hospital stay  

 To assess if appropriate De-escalation of antibiotic was done  

 

 

 

 



 

 

69 

 

Microbiological methods: 

The blood culture sample taken from the study patients at the onset of fever were inoculated 

into the BacT/ALERT blood culture bottles, which contain 22 ml of complex culture media 

and 8 ml of a 6.5 % charcoal suspension. An inoculated bottle is placed into the instrument 

where it is incubated and continuously monitored for the presence of microorganisms. If 

microorganisms are present in the test sample, carbon dioxide is produced as the organisms 

metabolize the substrates in the culture medium and the colour of the gas permeable sensor 

installed at the bottom of the culture bottle changes from blue green to yellow. If a positive 

blood culture is detected, it is taken out of the machine and a gram stain done. Gram 

negative bacilli are inoculated into Blood agar, Mc Conkey agar and Lysine agar tube and 

direct antibiotic susceptibility testing is done. Antibiotic susceptibility was tested in all the 

blood culture isolates by the disc diffusion test. All the gram negative isolates resistant to 

Cefotaxime and Ceftazidime or Cefpodoxime by the disc diffusion test were tested for 

phenotypic confirmation of ESBL production, by the double disc diffusion test according 

to the CLSI standards.  The criteria for classification as ESBL producing isolate was a  > 

5 mm increase in a zone diameter for either antimicrobial agent tested in combination with 

clavulanic acid versus its zone when tested alone with Cefopodoxime. The results of 

culture sensitivity were reported as Susceptible(S), Intermediate (I) and Resistant(R) based 

on CLSI guidelines.  
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Definitions (152) 

 

 Bacteremia: defined by presence of viable bacteria in blood 

 

 Community acquired bacteremia ( CAB ):: 

CAB was defined in patients who had pathogenic organisms isolated 

from blood taken in the first 48 hours of admission and without a 

hospital stay within 30 days prior to the admission. 

 

 Nosocomial bloodstream infection is defined by a positive blood culture 

obtained from patients who have been hospitalized for 48 hours or longer 

 

 Health care–associated bloodstream infection is defined as positive blood 

culture obtained from a patient at  or within 48 hours of admission if the 

patient fulfilled any of the following criteria: 

o Received intravenous therapy at home or received wound care / 

specialized nursing care through a health care agency, or had self-

administered intravenous medical therapy in the 30 days before the 

bloodstream infection.. 
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o Attended a hospital or haemodialysis clinic or received intravenous 

chemotherapy in the 30 days before the bloodstream infection. 

o Hospitalized in an acute care hospital for 2 or more days in the 90 days 

before the bloodstream infection. 

o Resided in a nursing home or long-term care facility. 

 

 Mortality: 

Mortality is death from any cause within 28days or at discharge after the first 

positive blood culture. 

 

 

 

 

Statistical analysis: 

 

Data entry was done using Epidata (Version-3.1). All study variables were 

described using descriptive statistical methods. Continuous variables which were 

normally distributed were summarized using mean and standard deviations. Non 

normally distributed continuous variables were summarized using median and 

interquartile ranges. The continuous variables were compared between the two groups of 
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clinical outcome (viz Alive & Dead) independent two sample t-test or Mann-Whitney U 

test, as appropriate. Dichotomous variables were compared between the two groups using 

chi-square or Fisher’s exact test, as appropriate. Univariate logistic regression analysis 

was done for all the parameters and the statistically significant variables were taken 

forward  for multivariate analysis by logistic regression. The results were analyzed using 

SPSS version 16.0. 

 

Institutional review board ethical committee approval was obtained prior to the 

commencement of the study (IRB minutes number 8831 dated 07.04.2014 - appendix #). 
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 5. RESULTS: 

 
A total of 469 bacteremic episodes occurred during the study period of 1st June 2014 

to 31st May 2015 in patients admitted to medical wards and medical ICU/HDU. Among 

these, 286 patients were excluded as 246 (52.4%) had Nosocomial infection and 40 (8.5%) 

patients had Healthcare associated infection. A total of 183 (39%) patients had community 

acquired bacteremia (CAB) and were eligible to be included in the study of which 4 patients 

wished not to take part in the study, hence 179 patients were included. Written informed 

consent was obtained from the patient or guardian was obtained. 

 

 

 

 

 

 

 

 

 

Figure 5 : Strobe diagram of the progress through phases of study 
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5.1 PATIENT DEMOGRAPHICS 

Of the 179 patients with CAB, 91 (50.8%) were male and 88 (49.2%) were female. 

Mean age was 52.6 years (Standard deviation 17.1 years). 95 (53%) of the participants 

were between the age groups of 41- 65 years, the younger (<40 yrs) and older (>65 years) 

groups contributed equally to the remaining half.  Most of the patients were from Tamil 

Nadu (66.5%), followed by Andhra Pradesh (14.5%) and West Bengal (7.8%), remaining 

patients were contributed by other states. The details of baseline characteristics are 

summarized in table 1. 

 

 

 

BASELINE CHARACTERISTICS n = 179 (%) 

Age (Yrs) 

[µ ± SD] 

 

52.6 ± 17.1 

Male / Female (n) 91 / 88 

MALE : FEMALE (ratio) 1.04 : 1 

 

DOMICILE 

STATE – n (%) 

Tamil Nadu – 119 (66.5) 

Andhra Pradesh – 26 (14.5) 

West Bengal – 14 (7.8) 

Other states – 20 (11.2) 
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Table 1 : Baseline characteristics of patients enrolled in study 

 

 

Figure 6 : Distribution of population based on age (years) 

 

 

80 out of 88 women were housewives making in the commonest occupation among 

female patients (91%) and overall (44.7%). Most of men were Daily wage labourers 

contributing to 28 % of all patients. Professionals, students and Businessmen contributed 

to a small portion of the patients.  

 

24%

53%
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5.2 OCCUPATION 
  

 

 

Table 2 : Occupation of the patients in the study 

Occupation Number [Percentage (%)] 

Primary sector   

House-wife 80 [44.7] 

Old age / Retired  13 [7.26] 

Secondary sector   

Daily wage labourer (skilled and 

unskilled) 

50 [28.00] 

Tertiary sector    

Clerical / supervisor  4 [2.2] 

Business / Self - employed 19 [10.6] 

Student  6 [3.3] 

Others  4 [2.2] 

Professionals (Engineer, Lawyer, Nurse 

etc) 

3 [1.7] 

Total 179  



 

 

77 

 

 

5.3 COMORBID ILLNESSES 

 

 

Figure 7 : Co-morbidities found at the time of admission to the hospital 

*DM – Diabetes Mellitus; HTN – Hypertension; COPD –Chronic obstructive pulmonary 

disease; 

CLD – Chronic Liver disease; AIDS – Acquired immunodeficiency syndrome 
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As depicted in Figure 3, Most of the patients (107/179 – 60.3%) who had 

presented with community acquired bacteremia to the hospital were diabetic. 92 % of 

them had evidence of poor sugar control  with evidence  of  end organ damage. The other 

comorbid illness which were present at the time of admission were, hypertension (49%), 

which however mostly co-existed with Diabetes. COPD, Chronic liver disease and AIDS 

were the other comorbid illnesses 

Charlsons comorbidity index (CCI): 

  The distribution of Charlson’s index score among the patients with CAB is shown in 

Figure 4,  

 

Figure 8 : Distribution of CCI among patients with CAB (n=179) 

The mean Charlson’s index of the study population was 3.7 ± 1.9 (SD). 
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5.4 Clinical presentation of patients with CAB: 

 Symptoms:  Fever was the most common symptom at the time of presentation, 

and was seen in 178 (99.5%) of the patients. The only patient who did not have fever as a 

manifestation, was immunosuppressed. The median duration of illness prior to 

presentation was 6 days (range, 2-90 days). The febrile illnesses of prolonged duration (> 

3weeks, n=6) were mostly diagnosed to have  infective endocarditis (n=5) and the other 

had infective spondylodiscitis.Various other symptoms among the patients at the time of 

presentation were Abdominal pain in 99 (55.3), dysuria in 57 (31.8%), cough in 47 

(26.3%), vomiting in 27 (15.1%), diarrhea in 21 (11.7%) patients. Headache, seizures, 

jaundice were seen in only few cases together contributing to 10%. 

 

Figure 9: Symptoms at the time of presentation among patients with CAB (n=179) 
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Clinical Signs: 

 Commonly seen clinical signs at the time of presentation in patients with CAB 

were tachyponea in 144 (80.4%), tachycardia 122 (68.5%), renal angle tenderness seen in 

65 (36.3%), Crepitations were present on auscultation in 50 (27.9%). The other less 

common signs which were elicited were point tenderness in abdomen, 

hepatosplenomegaly, skin features suggestive of cellulitis, neck stiffness which were 

present in 16, 12, 6 and 3 % respectively. 

Prior use of antibiotics: 

 In this study, 53 out of 179 (29.6%) patients gave a history of having received 

medications prior to their admission. Of them 7 patients were not sure of the drug neither 

had documentation of the same at presentation, however they were included with group 

who had prior antibiotic administration for analysis purposes. The details of the 

antibiotics are summarized in table 6. 

Group  Number  Percentage of total 

(n=179) 

Cephalosporin  23 13 % 

Quinolones  16 9 % 

Macrolide 3 1.7 % 

BL/BLI  4 2.2 % 

Not sure of medication 7 4 % 

Table 3 : Details of antibiotics administered prior to admission among patients with 

CAB 
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Severity of illness:  

 Among 179 patients with CAB, 38 (21.2%) had hypotension (defined as systolic 

blood pressure (SBP) <90 mmHg or mean arterial pressure (MAP) <70 mmHg) at the 

time of presentation. Of these, 22 (12.3%) had persisting hypotension despite adequate 

fluid resuscitation, qualifying them to be re-categorised as septic shock. 133 out of 179 

(74.3) patients had features of systemic inflammatory response syndrome (SIRS). Pitts 

Bacteremic score for severity of bacteremia for the patients with CAB was as shown in 

Figure 10. A total of 35 (19.6%) of patients required admission to ICU during the period 

of hospital stay.  

 

Figure 10 : Distribution of Pitts Bacteremia score among patients with CAB (n=179) 
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The median Pitts Bacteremia score among patients admitted with CAB was 1.0 

(range, 0-10, interquartile range[IQR], 1 – 2) 

 

Figure 11: Prevalence of SIRS among patients admitted with CAB (n=179) 

*SIRS – Systemic Inflammatory Response syndrome 

 

 

 

 

 

 

 

Figure 12 : Hypotension at presentation among patients with CAB (n=179) 
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5.5 Source of infection: 

 

The leading causes of CAB observed were genito urinary followed by 

gastrointestinal tract and respiratory, which together contributed to 144 (80%). Of these, 

the commonest source of bacteremia were gentio-urinary infections, seen in 88(49%) 

patients. 86 of 88 were diagnosed with Pyelonephritis while two (of 88) were diagnosed to 

with  prostatic abscess. Gastrointestinal tract (GIT) infections contributed to 20% (36 of 

179) of CAB. Enteric fever was the predominant source of bacteremia of a gastro-intestinal 

source (22 of 36) the remaining were equally contributed by biliary and intra-abdominal 

causes. Acute gastroenteritis presenting as bacteremia was seen in 4 (2.2%) patients of 

which 2 were on immunosuppressive therapy for other systemic illnesses. Respiratory 

infections causing CAB was seen in 20 (11%) cases. 18 of the 20 cases were secondary to 

Pneumonia. Less common causes of CAB included soft tissue infections in the form of 

cellulitis and necrotizing fasciitis, seen in 9 (5%) patients, followed by 7 (4%) cases of 

infective spondylodiscitis (5/7), 1 with septic arthritis, and one case of osteomyelitis. We 

also had 5 (3%) cases of infective endocarditis which were community acquired all of 

whom were later diagnosed to have rheumatic heart disease predisposing to the same. 

Primary CNS source of sepsis was seen in 4 (2%) patients of whom, bacteremic form of 

meningitis was seen in 3 and one had epidural abscess with secondary bacteremia. A 

primary focus for sepsis was not clear in 6 (4%) patients, and they were labelled to have 
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primary bacteremia. The different sources of sepsis identified and the diagnosis of patients 

at discharge is summarized below, refer figure 13 and table 4. 

 

 

 

 

 

Figure 13 : Source of bacteremia among patients with CAB. 
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Table 4: Diagnosis at discharge among patients with CAB. (n=179) 

 N (%) 

GENITO-URINARY  88 (49) 

Pyelonephritis 86 

Prostatic abscess 2 

GASTROINTESTINAL 36 (20) 

Enteric fever  22 

Acute Cholangitis / Cholecystitis  5 

Acute Gastroenteritis 4 

Spontaneous Bacterial Peritonitis/  

Intra-abdominal source    

4 

Appendicitis 1 

RESPIRATORY  20 (11) 

Pneumonia  18 

Empyema  2 

SOFT TISSUE  9 (5) 

Cellulitis  7 

Necrotising Fasciitis  2 

BONE  7 (4) 

Osteomyelitis  2 

Spondylodiscitis  4 

Septic arthritis  1 

 

CENTRAL NERVOUS SYSTEM 

 

4 (2.5) 

Meningitis  3 

Epidural abscess 1 

 

CARDIOVASCULAR SYSTEM  

 

5 (3) 

Infective endocarditis  5 

DEEP ABCESSES 4 (2.5) 

Liver  2 

Psoas 2 

UNKNOWN  6 (3) 
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5.6 Pathogenic organisms associated with CAB: 

 

 Of all the pathogens isolated from patients with CAB, 138 (77.1%) were Gram-

negative bacteria and 41 (22.9%) Gram-positive bacteria. The most common pathogens 

identified were E.coli (52%), Salmonella (12%), and Staph aureus (7%). Streptococcus 

pneumonia and Klebsiella spp each contributed to 7% of the total cases. 6 (3%) cases were 

identified to be due to Enterococcal bacteremia. The other less frequent bacteria which 

were isolated were Pseudomonas (1%), Aeromonas (2%), Burkholderia pseudomallei 

(1%), Proteus mirabilis (1%), a case each due to Streptococcus anginosus, Non-fermenting 

Gram-negative bacteria, Hemophilus influenza, non-hemolytic Streptococci. Figure 14 

summarises the various pathogens identified and their frequencies. 

 

 

 

 

Organisms isolated in patients with UTI associated CAB

 (n=88) 

E.coli  80 (91%) 

Klebsiella spp 5 (5.7%) 

Staphylococcus aureus 2 (2.3%) 

Proteus mirabilis 1 (1%) 

Enterococcus 1 (1%) 
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Organisms isolated in patients with CAP associated CAB

 (n=20) 

Strept pneumoniae 7 (35%) 

Staphylococcus aureus 6 (30%) 

E.coli 3(15%) 

Klebsiella spp 2(10%) 

Pseudomonas aueroginosa 1(5%) 

Hemophilus influenza 1(5%) 

 

 

 

 

 

 

 

 

 

 

Organisms isolated in patients with SSTI associated CAB

 (n=11) 

Staphylococcus aureus 5 (46%) 

Streptococcus  3 (27%) 

E.coli 1 (9%) 

Aeromonas 1(9%) 

Enterococcus 1(9%) 
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Figure 14: Pathogens associated with CAB (n=179) 

 

 

 

 

E.coli 52%

Salmonella 12%

S.aureus 11%

S.penumoniae 7%

Klebsiella 7%

Enterococcus 3%

Pseudomonas  1%

B.pseudomallei

1%

Aeromonas 2%

Proteus 1%

Misc 3%

Other 7%
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5.7 Antibiotic susceptibility patterns of the isolates: 

   

AST PROFILE OF BSI ORGANISMS – SUSCEPTIBLE PERCENTAGES 

 Escherichia coli 

(n= 93 ) 

Klebsiella spp. 

(n= 12 )  

Amikacin 94 % 100 % 

Ciprofloxacin 32 % 75 % 

Cefoperazone/sulbactum 90 % 92 % 

Gentamicin 59 % 75 % 

Colistin 100 % 100 % 

Cefpodixime 35 %  75 % 

Piperacillin/ tazobactum 61 % 88  % 

Imipenem 99 %  100 % 

Meropenem 99 %  100 % 

Netimicillin 91 % 100 % 

Tigecycline 100 % 100 % 

 

Table 5: AST patterns for Escherichia coli and Klebsiella spp. 

 E.coli was the most common pathogen causing CAB. 61 of the 93 isolates were 

multi-drug resistant, 59 (63.4%) which were ESBL (Extended spectrum beta-lactamase) 

producers. We also had one isolate which was Carbapenamase producing organism (CRO), 

in a patient who had recurrent UTI secondary to bladder outlet obstruction which had 
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developed as a surgical complication. It was found to be susceptible to Colistin and 

Tigecycline. 

 Klebsiella spp infections were mostly (11 out of 12) due to sub species pneumoniae, 

except one which was caused by Klebsiella terrigena. 3 (25%) of the 12 were were ESBL 

(Extended spectrum beta-lactamase) producers. None of the isolates were Carbapenem 

 resistant.  

Ciprofloxacin susceptibility was much lesser among the community acquired E.coli 

isolates as compared to Klebsiella (32% vs 75%), similarly lesser susceptibility to 

Piperacillin-Tazobactum was seen among E.coli isolates as compared to Klebsiella (61% 

vs 88%). A higher percentage of susceptibility was noted to Cefoperazone/Sulbactum, 90 

and 92 % respectively for E.coli and Klebsiella spp. All the isolates of both the organisms 

were susceptible to Colistin and Tigecycline. 

 

Figure 15: ESBL producers among E.coli and Klebsiella 

 

63.40%

25%

E.coli (n=93) Klebsiella (n=12)
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Salmonella sp: 

AST PROFILE OF BSI ORGANISMS – SUSCEPTIBLE PERCENTAGES 

 Salmonella typhi 

(n= 19) 

Salmonella paratyphi & E 

(n=3) 

Ampicillin  100 % 100 % 

Chloramphenicol  100 % 100 % 

Co-trimoxazole  100 % 100 % 

Ceftriaxone 100 % 100 % 

Ciprofloxacin 27 % 33 % 

Nalidixic acid  6 % 33 % 

 

Table 6: AST patterns for Salmonella sp (n=22) 

 

As shown in table 6, most of the isolates (19 out of 22) were due to serovar tyhpi.  

All the isolates were susceptible to Ceftriaxone, Chloramphenicol and Co-trimoxazole. 

Only one each  

of 19 isolates of serovar typhi, 2 isolates of paratyphi were susceptible to Nalidixic acid 

suggesting a significant resistance to quinolones  among enteric fever pathogens. Of the 

isolates only 27% were susceptible to quinolones. Drug susceptibility testing to 

Azithromycin was done for 6 isolates of serovar typhi, which showed that all the tested 

isolates were susceptible. 
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Staphylococcus aureus: 

  

AST PROFILE OF BSI ORGANISMS – SUSCEPTIBLE PERCENTAGES 

 Staphylococcus aureus 

MRSA (n= 3) 

Staphylococcus aureus 

MSSA (n=17) 

Oxacillin  0 100 % 

Erythromycin 67 % 76  % 

Co-trimoxazole 67 % 93 % 

Gentamicin 67 % 85 % 

Ciprofloxacin 100 % 92 % 

Netilmicin 100 % 100 % 

Rifampicin 100 % 100 % 

Vancomycin 100 % NA 

Linezolid  100 % NA 

 

Table 7: AST pattern of Staphylococcus aureus isolates 

   Among all the isolates of Staph aureus (n=20), 3 (15%) were resistant to Methicillin. The 

various syndromes which were seen among the patients with Staphylococcal infection are 

summarized in the figure 16. Pneumonia (34 %) was the most common presentation, 

followed by soft-tissue infections (19%). CNS focus for sepsis was seen in 2 (1%) of which 

one had meningitis and the other epidural abscess. 3 (14%). Methicillin susceptible Staph 

aureus isolates had higher susceptibility percentages to Erythromycin, Co-trimoxazole, and 
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Gentamicin as compared to the resistant ones. The overall percentage of community 

acquired Methicillin resistant Staph aureus (CA-MRSA) infection observed in our study 

was 15 %. 

 

 

 

 

 

 

Figure 16: Clinical syndromes caused by Staphylococcus aureus (n=20) 
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Streptococcus pneumoniae: 

 

AST PROFILE OF BSI ORGANISMS – SUSCEPTIBLE PERCENTAGES 

 Streptococcus pneumoniae 

 Meningeal Isolate 

(n = 3) 

Non – Meningeal 

Isolate  (n = 9) 

Penicillin  33% 100 % 

Erythromycin 33% 56% 

Levofloxacin 100 % 100 % 

Cefotaxime  100 % 89 % 

Vancomycin 100 % 100 % 

Linezolid  100 % 100 % 

 

Table 8: AST pattern of Streptococcus pneumoniae (n=12) 

 

The most common clinical presentation of Streptococcal bacteremia was pneumonia 

(58%), followed by meningitis (25%). The less common diagnoses which were observed 

included Cellulitis (16%), Infective endocarditis (9%). All the non-meningeal isolates were 

susceptible to Penicillin however only one (33%) of the three meningeal isolates were 

Penicillin susceptible. All the Streptococcal isolates were susceptible to Linezolid, 

Vancomycin and Levofloxacin. 
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Enterococcus spp: 

 

 

AST PROFILE OF BSI ORGANISMS – SUSCEPTIBLE PERCENTAGES 

 Enterococcus spp (n=6) 

Ampicillin 83 % 

High level Gentamicin 83 % 

Levofloxacin 67 %  

Vancomycin 100 % 

Linezolid 83 % 

 

Table 9: AST pattern among Enterococcus spp(n=6) 

Among the enterococcal isolates, 4 (66%) were due to Enterococcus fecalis and the 

other two were due to subspecies E.fecium. Most common syndrome caused by 

Enterococcus spp was infective endocarditis (50%), the focus of sepsis could not be 

established in two cases. All isolates were susceptible to Vancomycin and 83% of the 

isolates were susceptible to Ampicillin, Gentamicin (high level) and Linezolid. Most of 

resistance encountered was conferred due to E. fecium species. 
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Prior use of antibiotics: 

 

 

 53 (29.6%) patients had history of having received antibiotics prior to admission. 

The various groups of antibiotics given are summarized in the table 10 given below. 

 

 

 

 

Table 10: Various antimicrobials which were given prior to admission 

 

Type of antibiotic Number of cases  Percentage of total 

(n=179) 

Cephalosporin   23 13 % 

Quinolones 16 9 % 

Macrolide 3 2 % 

BL/BLI 4 3 % 

Unknown 7 4 % 
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SOFA score: 

 

 The following figure gives the distribution of highest possible SOFA score 

achieved by a patient during admission. The median score was 2.0 (range, 0-19). 

 

 

 

 

 

Table 11: Distribution of SOFA score among the patients with CAB (n=164) 
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5.8 Mortality associated with CAB: 

 

 Death within 28 days of admission to a medical ward with an episode of CAB was 

seen among 24 (13.4%) patients. 2 patients were lost to follow up were included in the 

analysis as a part of poor outcome group, conferring an average 28-day mortality of 14.5% 

(26 out of 179).  Death occurred in hospital in 70.8% (17/24) cases, the remainder occurred 

after hospital discharge with a hospital record of discharge against medical advice (12.5%), 

transfer to another medical center (16.7 %). Death in CAB occurred rapidly with 22 (91%) 

of them occurring within 2 weeks of admission. All the deaths which were seen in our 

study were due to a direct consequence of infection.  

 

Appropriate choice of empirical antibiotic: 

   Among the patients who were admitted with CAB, empirical 

antibiotic was administered in 171 (95.5%) cases. Of these cases, the choice of empirical 

antibiotic was appropriate in 135 (79%) cases, refer figure17.Following the 

administration of empirical antibiotic, subsequent de-escalation was warranted in 103 

(out of 171) cases. Of which appropriate de-escalation of antibiotic following the 

availability of AST report was done only in 64 (62 %) cases. The median duration for 
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change in antibiotic following the availability of AST report observed in our study was 5 

hours (range, 1-24 hours). 

 

 

 

Figure 17: Appropriateness of the empirical choice of antibiotic in CAB (n=171) 

 

 

Length of hospital stay: 

 

 The mean length of hospital stay among patients admitted with CAB was 

10.2 days (standard deviation SD, 6.2 days). 

 

Appropriate

79%

Inappropriate

21%
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5.9 Predictors of mortality in CAB: 

 

 Univariate analysis of variables between those who survived vs those with poor 

outcome is given in Table 12. Those who died had higher mean Charslon’s index at 

presentation (p - 0.001) of which the significant comorbidities were COPD (P=0.003) and 

AIDS (p=0.006).  

 At admission presence of SIRS (p - 0.024), Hypotension (MAP <70mmHg) (p < 

0.001), admission to Intensive care unit (ICU) (p -0.001) had significantly higher mortality. 

The mean of severity assessment scores Pitts score (p < 0.001) and SOFA score (p <0.001) 

were higher among patients who died. Among patients with CAB, presence of respiratory 

source (p< 0.001) or an unknown source (p – 0.027) for bacteremia conferred a significant 

higher risk of mortality. The mean laboratory parameters which differed significantly 

between the alive and dead groups were Creatinine (p – 0.012), Bicarbonate (p – 0.005), 

Total bilirubin (p-0.028), Alkaline phosphatase (p-0.028). Mortality was significantly 

higher (p – 0.024) when the bacterial isolate was multi-drug resistant (MDRO- defined as 

in vitro resistance to two or more antimicrobial agents). 
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Variable 

Total (n=179) 

n (%) / 

µ  (SD) or 

Median 

[range] 

Alive (n=153) 

n (%) / 

µ  (SD) or 

Median [range] 

Dead (n=26) 

n (%) 

µ  (SD) or 

Median 

[range] 

 

OR 

[95% CI] 

 

 

p value 

Age  52.6 (17) 52.3 (17) 54 (15) 1 [0.98 – 1.03] 0.656 

Sex (Male)  76 (49.7) 15 (57.7) 1.4 [0.59 – 

3.20] 

0.451 

Co-morbidities       

DM 107 (60) 89 (58.2) 18 (69.2) 1.6 [0.66 – 

3.95] 

0.291 

HTN 88 (49.1) 76 (49.7) 12 (46.5) 1.2 [0.42 – 

4.44] 

0.881 

COPD  17 (9.5) 10 (6.5) 7 (26.9) 5.3 [1.79 – 

15.48] 
0.003 

AIDS 7 (4) 3 (2) 4 (15.4) 9.1 [1.90– 

43.46] 
0.006 

CLD 3 (1.7) 2 (1.3) 1 (3.8) 3 [0.26 – 34.56] 0.374 

Charlson’s 

comorbidity index  

3.7 (2.5) 3.4 (2.3) 5.5 (3.1) 1.4 [1.14 – 

1.66] 
0.001 

Duration of fever 

(days) 

6 [1-100] 6 [1-99] 5 [1-100] 1 [0.99 – 1.02] 0.440 

Prior use of 

antibiotics 

53 (29.6) 45 (29.4) 8 (30.8) 1.1 [0.43 – 

2.63] 

0.889 

Presence of SIRS  133 (74.3) 108 (70.6) 25 (96.2) 10.4 [1.37 –

79.21] 
0.024 

Presence of 

Hypotension 

(MAP <70mmHg) 

38 (21.2) 24 (16.2) 14 (56) 6.6 [2.66 – 

16.21] 
< 0.001 

Source of infection       

Respiratory 20 (11.2) 11 (7.2) 9 (34.6) 6.8 [2.47-18.84] < 0.001 

Genito- urinary  88 (49.1) 81 (53) 7 (27) 0.3 [0.13 – 

0.84] 
0.021 

GIT  38 (21.2) 36 (23.7) 2 (7.7) 0.2 [0.06 - 1.20] 0.086 

CNS 4 (2.2) 2 (1.3) 2 (7.7 6.3 [0.84 – 

46.80] 

0.072 

CVS 5 (2.8) 4 (2.6) 1 (3.8) 1.5 [0.16 – 

13.88] 

0.726 

Soft tissue  11 (6) 9 (5.9) 2 (7.7) 1.3 [0.27 – 

6.55] 

0.723 

Bone  7 (3.9) 7 (4.6) 0 (0) NA  
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Variable 

Total (n=179) 

n (%) / 

µ  (SD) or 

Median 

[range] 

Alive (n=153) 

n (%) / 

µ  (SD) or 

Median [range] 

Dead (n=26) 

n (%) 

µ  (SD) or 

Median 

[range] 

 

OR 

[95% CI] 

 

 

p value 

Unknown 6 (3.4) 3 (2.0) 3 (11.5) 6.5 [1.24 – 

34.28] 
0.027 

Pitts Bacteremia 

Score 

1.68 (1.7) 1.28 (1.1) 4 (2.7) 2.2 [1.64 – 

2.91] 
< 0.001 

SOFA score 3.79 (3.7) 3.1 (3) 7.7 (4.4) 1.4 [1.20 – 

1.56] 
< 0.001 

Lab parameters      

Hemoglobin 11.2 (2.5) 11.4 (2.5) 10.8 (2.4) 0.92 [0.78 – 

1.08] 

0.331 

Total WBC  14900 

[1100-99100] 

14600 

[1100-44200] 

18630 

[1450-99100] 

1 [1.00 – 1.00] 0.076 

Platelets 184000 

[8000-780000] 

191000 

[8000-619000] 

174000 

[11000-

780000] 

1 [1.00 – 1.00] 0.911 

Creatinine  1.9 (1.6) 1.8 (1.3) 2.7 (2.3) 1.3 [1.06 – 

1.64] 
0.012 

Potassium  4.0 (0.8) 4 (0.8) 4.2 (0.8) 1.5 [0.90 – 

2.45] 

0.116 

Bicarbonate 18.1 (5.2) 18.6 (4.9) 15.3 (6.3) 0.8 [0.82 – 

0.96] 
0.005 

Bilirubin  0.76 

[0.2 – 31.4] 

0.75 

[0.2 – 14.5] 

0.93 

[0.3 -31.4] 

1.2 [1.02 – 

1.37] 
0.028 

Protein  6.7 (1.1) 6.7 (1.1) 6.8 (1.1) 1.1 [0.75 – 

1.63] 

0.618 

Albumin 3.0 (0.7) 3.1 (0.7) 2.8 (0.7) 0.6 [0.31 – 

1.11] 

0.100 

AST 32 [7 - 9988] 31 [7 – 9988] 47 [12 – 5573] 1 [1.00 – 1.01] 0.154 

ALT 20.5 [5 – 2558] 20 [5 – 2558] 21 [9 – 1477] 1 [0.99  – 1.01] 0.243 

 

Alkaline 

Phosphatase 

 

120 [40 – 

1117] 

 

122.5 [ 40 – 

1117] 

 

146 [63 – 110] 

 

1.1 [1.00 – 

1.01] 

 

0.028 

 

Inappropriate 

Empirical 

Antibiotic 

(n=171) 

 

 

36 (21) 

 

 

31 (21.4) 

 

 

5 (19.2) 

 

 

1.2 [0.39 – 

3.27] 

 

 

0.805 



 

 

103 

 

 

 

Table 12: Predictors of mortality at 28 days among patients with CAB (n=179) 

{Univariate analysis} 

 

 

 

 

 

 

 

Variable 

Total (n=179) 

n (%) / 

µ  (SD) or 

Median 

[range] 

Alive (n=153) 

n (%) / 

µ  (SD) or 

Median [range] 

Dead (n=26) 

n (%) 

µ  (SD) or 

Median 

[range] 

 

OR 

[95% CI] 

 

 

p value 

 

App De-escalation 

not done (n = 111) 

 

39 (38) 

 

32 (34.8) 

 

7 (63.6) 

 

3.3 [0.89 – 

12.05] 

 

0.073 

 

Time in hours to 

change Antibiotic 

(hours) 

 

5.8 (4.3) 

 

5 (4.5) 

 

4.1 (1.2) 

 

0.8 [0.52 – 

1.21] 

 

0.284 

 

Length of 

Hospitalization 

 

9 [1- 28] 

 

10  [2- 28] 

 

3.5 [1-25] 

 

0.8 [0.72 – 

0.91] 

 

< 0.001 

 

ICU admission  

 

35 (19.6) 

 

23 (15 ) 

 

12 (46.2) 

 

4.8 [1.99 – 

11.79] 

 

0.001 

      

 

MDRO 

 

79 (44.1) 

 

71 (46.4) 

 

8 (30.8) 

 

3.1 [1.16 – 

7.99] 

 

0.024 
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Multivariate analysis: 

 

 Multivariate analysis for independent predictors of mortality are presented in Table 

12. Presence of AIDS (adjusted OR 27.4, p 0.003), and higher Pitts bacteremia score 

(Adjusted OR 3.6, p- < 0.001) were independent factors contributing to higher mortality at 

28 days among patients with CAB. 

Presence of hypotension at admission showed near significant value with an adjusted OR 

1.14 [95% CI 0.02 – 1.05] (p – 0.055). 

 

 

Variable 

 

OR 

 

 

 [95% CI] 

 

p value 

Hypotension  1.14 0.02 – 1.05 0.055 

Pitts bacteremia score (PBS) 3.6 2.04 – 6.42 < 0.001 

AIDS 27.4 3.05 – 246.64 0.003 

Alkaline phosphatase 1.1 1.01 – 1.07 0.016 

 

Table 13: Independent predictors of mortality at 28 days in CAB 

{Multivariate analysis} 
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6. DISCUSSION: 

 

 Community acquired bacteremia is an important cause of admission to medical 

wards. This study revealed the following important findings. Genito-urinary infections 

(upper UTI) were the most common source from which CAB occurred. E.coli was the most 

common bacterial pathogen associated with CAB, of which 64.3% were ESBL producers. 

Diabetes mellitus was the most common (60%) co-morbid illness among patients with 

CAB.  Poor outcome with 28 day mortality occurred in 14.5%, with mortality (91%) took 

place within first two weeks of admission. Higher Pitts bacteremia score, presence of 

hypotension, AIDS, and elevated alkaline phosphatase at admission were independently 

associated with higher risk of morality among patients with CAB. 

Profile of patients with CAB: 

The mean age of patients with CAB at presentation was 52 years, which was 

comparable to a similar study done by Kanoksil et al where the median age among patients 

with CAB was 57 (2). In our study, there was near equal incidence of CAB among male 

and female patients, however a couple of studies done among developing countries, had 

male preponderance (2,13,16). However neither age (p – 0.65) nor sex (p – 0.45) was a 

predictor of mortality among patients with CAB.  We observed higher rates of CAB among 

younger adults (16-40 years) contributing to 25 % as compared to previous studies, where 

they contributed to only 8 – 12 % of the total bacteremias (2,13,16). A higher proportion 
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of these young adults being diabetic (9%) was considered a major contributor for this 

higher incidence, also to note the proportion of young diabetics observed in this study was 

twice higher than the data published from a large tertiary care center for Diabetes in South 

India (153).  Most common co-morbid illness present at the time of admission among 

patients with CAB observed in our study was Diabetes mellitus (60%), however these 

patients did not have an increased risk of mortality (p – 0.29). The proportion of patients 

in CAB with diabetes across various other studies ranged from 26-31% (16,61,154). Most 

of these studies were prior to 2011, a recent study from South India showing rapidly 

increasing burden of this disease was thought to be reason behind this high rate we 

observed, presence of decreased immune function as published in the prior studies was 

considered to be risk factor for higher incidence of bacteremia(59,60). Among the other 

co-morbidities, patients who had COPD (p – 0.003), AIDS (p – 0.006) and higher 

Charlson’s co-morbidity index ( p < 0.001) in association with CAB had higher risk for 

mortality, which was comparable to previous studies (2,65,67,140). Most (75%) of the 

patients with CAB had features of SIRS at the time of admission, suggesting the severe 

nature of bacteremic illness. In our study we observed that presence of SIRS, hypotension 

(MAP <70mmHg), admission to Intensive care unit (ICU) ,  higher Pitts score (PBS), and 

SOFA scores at admission was associated with significant risk of mortality, as was seen 

among various previous studies on CAB (4,36,140). Higher Pitt’s score on analysis as an 

independent predictor of mortality (OR 3.6, [95% CI 2.04 – 6.42]) 
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Source and pathogens associated with CAB: 

We observed that Escherichia coli (52%), followed by Salmonella enterica spp 

(12%), Staph aureus (11%), Streptococcus pneumoniae(7%) were the most common 

pathogens associated with CAB. Pederson et al had reported a similar proportion of E.coli 

(605 episodes, 33%) to be  the most common etiology of CAB in a population based study 

in Northern Europe. (155). However they observed a higher proportional rate of 

Streptococcus pneumonia (22%), and slightly a lower rate of Staph aureus (8%) as 

compared to our study. The predominance of E.coli and Staph aureus observed in our study 

was quite similar to that observed in both high and low-income countries (5,12,16,156). 

However Salmonella enterica serovar Typhi, observed as the most common cause of CAB 

in the low income countries (15), was the second most common cause of CAB, however 

the average proportional rate was comparable between both studies. In our study we 

encountered only two cases (1%) which were due to Burkholderia pseudomallei, as 

compared to population based studies done from Thailand and Laos, where the proportional 

rate of CAB due to the same was as high as 20.2% (2,36). This Gram-negative bacterium 

is present in the environment and South–East Asia and Northern Australia are currently 

identified as highly endemic regions, India is classified under endemic region. However 

there is increasing rate of reports of chronic form of B.pseudomallei from India over the 

past 5 years due to improvement of microbiological laboratories through the country and 

increasing awareness regarding this pathogen (157,158). The most common source of CAB 
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observed in our study was Genito-urinary (49%) followed by gastrointestinal tract 

infections (20%), respiratory (11%). This was comparable to data from studies from other 

developing countries (2,13,16), however the rates of urinary tract infections was lesser 

compared to our study. We observed that risk of mortality due to a bacteremic illness was 

6 fold higher if the source was respiratory (p - <0.001) or CNS (p – 0.07), as was also seen 

in a study done our institute among BSI in 2007 where the mortality was significantly 

higher (p – 0.005) when the source of BSI was pneumonia. It was also noted that if the 

source of infection was Genito-urinary, there was higher chance of survival (OR 0.3, [95% 

CI 0.13-0.84]). This was possibly thought to be due to good existent hospital antibiotic 

protocols in tackling Gram-negative septicemias especially when dealing with urinary tract 

infections. 

Antimicrobial resistance: 

A significant proportion (44%) of community acquired blood stream infections seen 

in our study were due to Multidrug resistant organisms (MDRO). The community acquired 

ESBL rates seen among Enterobacteriaceae isolates observed in our study were E.coli 

(64.3%), Klebsiella spp (25%). A study done by Abhilash et al in our own institute in 2007, 

had observed that among the CA-BSI isolates, 54.5% of E.coli and 40% of Klebsiella spp 

were ESBL producers (154). A study done by Woerther et al, showed a significant increase 

in the fecal carriage and incidence of infections due to ESBL over a decade to as high as 

50 % at few centers in Thailand (159). The increase in rate of CA-ESBL among the E.coli 

isolates was thought to be due to increasing use of antibiotics especially Cephalosporins 
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for common febrile illnesses in the community. During the period of our study the overall 

prevalence (nosocomial included) of ESBL producers among Klebsiella spp isolates was 

56% (data from Hospital infection control committee HICC – unpublished), the low rate 

of CA-ESBL (25%) seen in our study.. Salmonella enterica serovar Typhi was the second 

most common pathogen (12%) isolated in our study. Almost all the isolates (94%) were 

resistant to Nalidixic acid and the proportional rate of Quinolone resistance observed was 

(73%). These rates were comparable to the data from other parts of Asia(16,36,67,160). 

An interesting fact to note that all the bacterial isolates belonging to Salmonella enterica 

spp, were susceptible to Ampicillin and Chloramphenicol, possibly explained by recent 

infrequent use of these antibiotics to treat general febrile illnesses. Previously reported 

resistance rates of S.typhi to Ampicillin and Cholarmphenicol in a series published by 

Olarte et al, ranged from 40 – 78% (161). 

CA-MRSA, in our study was seen among 15% of Staphylococcal bacteremias. This 

rate was comparable to a study done by Anderson et al on a cohort of BSI where the 

incidence of CA-MRSA causing BSI was 13 % (162). Although there is no Indian data on 

prevalence rates of CA-MRSA among BSIs, the prevalence rates of CA-MRSA infections 

ranged from 5 – 64 % (163–165). A study done in 2005 from our institute, by D Mathai et 

al had observed the proportional rate of CA-MRSA to be 6.4 %. The findings observed in 

this aspect bring to our attention the rising percentage of resistant infections, even among 

CA-BSIs. All the blood isolates of Streptococcus pneumoniae causing a non-meningeal 

clinical syndrome were susceptible to penicillin, however two of three bacteria (66%) 
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isolated from bacteremic meningitis, were resistant to penicillin. This was attributable to 

minimal inhibitory concentration (MIC) breakpoint for meningeal isolates. .  

 

Choice of antibiotic: 

  The choice of empirical antibiotic was inappropriate in 21% of cases, which was 

much lesser in comparison with studies done on patients with CAB, where it ranged from 

30-66% (147,148,162,166). We observed that was no difference in the outcome among 

patients who had received inappropriate empirical antibiotic therapy as compared to who 

did not (p -0.805), however in a study done in ICU setting, by Ibrahim et al, patients who 

had received inappropriate antibiotic were twice at risk of dying in hospital (149). This was 

possibly due to lesser proportion of patients (21 % vs 30 %) and only 4 % of them required 

ICU admission. We also observed that among 111 cases which needed de-escalation of 

antibiotic, appropriate de-escalation was done only in 62 % of cases. Relatively high rate 

of non-compliance in  appropriate de-escalation  warrants improved antibiotic stewardship 

program.  

 

Outcome of CAB: 

 The 28 day mortality associated with CAB seen in our study was 14.5 %, which was 

comparable to other studies done in developing countries where one-month mortality rates 

varied from 13-37.5 % (2,13,15,16). An important observation was that 91 % of deaths 

occurred within 2 weeks of admission to hospital and 71 % of the deaths were in hospital, 
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reiterating the severity of community acquired blood stream infections. The early mortality 

contributed to significant shorter hospital stay among the patients who died (p < 0.001) as 

compared to the patients who survived.  Higher Pitts bacteremia score, presence of 

hypotension, AIDS, and elevated alkaline phosphatase at admission were independently 

associated with higher risk of mortality among patients with CAB. 

7. CONCLUSIONS: 

  Community acquired bacteremia (CAB) is a common reason for admission 

among medical wards leading to significant morbidity and mortality. 

In this study, we found that E.coli was the commonest pathogen implicated in CAB (52%), 

commonly acquired through genito-urinary route (upper UTI). CA- ESBL rate of E.Coli 

seen in our study was 64.3% most of which were susceptible to carbapenems, suggesting 

that the empirical choice of antibiotic in a patient with suspected pyelonephritis and 

features of SIRS be Carbapenems.  

Mortality associated with CA-BSI at 28 days was 14.5 %, most of which occurred within 

two weeks, and independent risk factors associated with mortality were higher PITT’s 

score at admission, presence of hypotension, AIDS, elevated alkaline phosphatase. A 

higher Charlosn’s co-morbidity index (CCI) though failed to predict mortality when used 

alone, had higher rates of mortality especially when the score was 3 or more (p -0.001). 

We suggest routine use of CCI and Pitts score for prognostication among patients admitted 

with CA-BSI. 
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We observed that appropriate de-escalation when warranted was done only in 62 % of the 

cases, we also observed a case of community acquired Carbapenem resistant organism. 

Hence we strongly recommend de-escalation to lower antibiotic following availability of 

drug susceptibility reports in order to curtail the emerging multi-drug resistance among 

bacterial pathogens. 

We observed that 60 % of the patients were diabetic, of which  85% had features of SIRS. 

This proportion was much higher compared to other published reports on CAB, hence we 

suggest performing blood cultures among diabetic patients who present with fever and 

features of SIRS. 
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8. STRENGTHS & LIMITATIONS: 

 To our knowledge, this is the first prospective Indian study, defining profile and 

outcome among patients with community acquired bacteremia (CAB). We had only two 

patients (1%) who were lost to follow up, thereby increasing the accuracy of outcome 

estimates.  

 The following were the limitations of this study  

 

1. We studied only patients admitted to medical wards, hence the results do not 

represent the complete burden. 

2. Most of the patients included in the study were the ones with access to medical 

care at tertiary care center, which may under-estimate the true burden of CAB. 

3. Lack of proper documentation of prior antibiotics given, compromised the strength 

of sub-group analysis 

4. Patients who were discharged on antibiotics, were only interviewed telephonically 

regarding the adherence to the regimen prescribed  

5. Blood culture may not have been performed for all patients presenting with 

likelihood of bacteremia, thereby resulting in decrease in incidence of CAB. 

 

 

 



 

 

114 

 

 

BIBLIOGRAPHY 

 

 
1.  Pittet D, Li N, Woolson RF, Wenzel RP. Microbiological factors influencing the 

outcome of nosocomial bloodstream infections: a 6-year validated, population-based 

model. Clin Infect Dis. 1997;24(6):1068–78.  

2.  Kanoksil M, Jatapai A, Peacock SJ, Limmathurotsakul D. Epidemiology, 

Microbiology and Mortality Associated with Community-Acquired Bacteremia in 

Northeast Thailand: A Multicenter Surveillance Study. PLoS ONE. 2013 Jan 

18;8(1):e54714.  

3.  Valles J, Rello J, Ochagavía A, Garnacho J, Alcalá MA. Community-acquired 

bloodstream infection in critically ill adult patients: impact of shock and inappropriate 

antibiotic therapy on survival. CHEST J. 2003;123(5):1615–24.  

4.  FILICE GA, VAN ETTA LL, DARBY CP, FRASER DW. Bacteremia in Charleston 

County, South Carolina. Am J Epidemiol. 1986;123(1):128–36.  

5.  Søgaard M, Nørgaard M, Dethlefsen C, Schønheyder HC. Temporal changes in the 

incidence and 30-day mortality associated with bacteremia in hospitalized patients 

from 1992 through 2006: a population-based cohort study. Clin Infect Dis. 

2011;52(1):61–9.  

6.  Yardena S-I, Boaz F, Ruth O-W, Yoav G, Aliza N, David S, et al. Reappraisal of 

community-acquired bacteremia: a proposal of a new classification for the spectrum 

of acquisition of bacteremia. Clin Infect Dis. 2002;34(11):1431–9.  

7.  Akram M, Shahid M, Khan AU. Etiology and antibiotic resistance patterns of 

community-acquired urinary tract infections in J N M C Hospital Aligarh, India. Ann 

Clin Microbiol Antimicrob. 2007;6:4.  

8.  Choudhary A, Gopalakrishnan R, Nambi PS, Ramasubramanian V, Ghafur KA, 

Thirunarayan MA. Antimicrobial susceptibility of Salmonella enterica serovars in a 

tertiary care hospital in southern India. Indian J Med Res. 2013 Apr;137(4):800–2.  

9.  Al-Hasan MN, Eckel-Passow JE, Baddour LM. Bacteremia Complicating Gram-

Negative Urinary Tract Infections: A Population-Based Study. J Infect. 2010 

Apr;60(4):278–85.  



 

 

115 

 

10.  Theodorides J. Casimir Davaine (1812–1882): a precursor of Pasteur. Med Hist. 

1966;10(02):155–65.  

11.  Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for 

nosocomial infections, 1988. Am J Infect Control. 1988;16(3):128–40.  

12.  Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. 

Health care–associated bloodstream infections in adults: a reason to change the 

accepted definition of community-acquired infections. Ann Intern Med. 

2002;137(10):791–7.  

13.  Uslan DZ, Crane SJ, Steckelberg JM, Cockerill FR, Sauver JLS, Wilson WR, et al. 

Age-and sex-associated trends in bloodstream infection: a population-based study in 

Olmsted County, Minnesota. Arch Intern Med. 2007;167(8):834–9.  

14.  Cisterna R, Cabezas V, Gómez E, Busto C, Atutxa I, Ezpeleta C. [Community-

acquired bacteremia]. Rev Esp Quimioter Publ Of Soc Esp Quimioter. 2001 

Dec;14(4):369–82.  

15.  Koch K, Søgaard M, Nørgaard M, Thomsen RW, Schønheyder HC, others. 

Socioeconomic inequalities in risk of hospitalization for community-acquired 

bacteremia: a Danish population-based case-control study. Am J Epidemiol. 

2014;179(9):1096–106.  

16.  Reddy EA, Shaw AV, Crump JA. Community-acquired bloodstream infections in 

Africa: a systematic review and meta-analysis. Lancet Infect Dis. 2010 

Jun;10(6):417–32.  

17.  Deen J, von Seidlein L, Andersen F, Elle N, White NJ, Lubell Y. Community-

acquired bacterial bloodstream infections in developing countries in south and 

southeast Asia: a systematic review. Lancet Infect Dis. 2012 Jun;12(6):480–7.  

18.  Atul Garg. Bacteriological Profile and Antimicrobial Resistance of Blood Culture 

Isolates from a University Hospital. JIACM 2007 82 139-43.  

19.  Shaw E, Benito N, Rodríguez-Baño J, Padilla B, Pintado V, Calbo E, et al. Risk 

factors for severe sepsis in community-onset bacteraemic urinary tract infection: 

Impact of antimicrobial resistance in a large hospitalised cohort. J Infect. 2015 

Mar;70(3):247–54.  

20.  Thanassi M. Utility of Urine and Blood Cultures in Pyelonephritis. Acad Emerg 

Med. 1997 Aug 1;4(8):797–800.  

21.  Bitsori M, Maraki S, Raissaki M, Bakantaki A, Galanakis E. Community-acquired 

enterococcal urinary tract infections. Pediatr Nephrol. 2005;20(11):1583–6.  



 

 

116 

 

22.  Felmingham D, Wilson APR, Quintana AI, Grüneberg RN. Enterococcus species 

in urinary tract infection. Clin Infect Dis. 1992;15(2):295–301.  

23.  Muder RR, Brennen C, Rihs JD, Wagener MM, Obman A, Obman A, et al. 

Isolation of Staphylococcus aureus from the Urinary Tract: Association of Isolation 

with Symptomatic Urinary Tract Infection and Subsequent Staphylococcal 

Bacteremia. Clin Infect Dis. 2006 Jan 1;42(1):46–50.  

24.  Bryan CS, Reynolds KL. Community-acquired bacteremic urinary tract infection: 

epidemiology and outcome. J Urol. 1984 Sep;132(3):490–3.  

25.  Patterson JE, Andriole VT. Bacterial urinary tract infections in diabetes. Infect Dis 

Clin North Am. 1997 Sep;11(3):735–50.  

26.  Chen C-Y, Chen Y-H, Lu P-L, Lin W-R, Chen T-C, Lin C-Y. Proteus mirabilis 

urinary tract infection and bacteremia: Risk factors, clinical presentation, and 

outcomes. J Microbiol Immunol Infect. 2012 Jun;45(3):228–36.  

27.  Skogberg K, Lyytikäinen O, Ruutu P, Ollgren J, Nuorti JP. Increase in 

bloodstream infections in Finland, 1995–2002. Epidemiol Infect. 2008;136(01):108–

14.  

28.  El-Solh AA, Sikka P, Ramadan F, Davies J. Etiology of severe pneumonia in the 

very elderly. Am J Respir Crit Care Med. 2001 Mar;163(3 Pt 1):645–51.  

29.  Marston BJ, Plouffe JF, File TM, Hackman BA, Salstrom SJ, Lipman HB, et al. 

Incidence of community-acquired pneumonia requiring hospitalization. Results of a 

population-based active surveillance Study in Ohio. The Community-Based 

Pneumonia Incidence Study Group. Arch Intern Med. 1997 Aug 11;157(15):1709–18.  

30.  Tomasz A. Antibiotic resistance in Streptococcus pneumoniae. Clin Infect Dis. 

1997;24(Supplement 1):S85–8.  

31.  Christensen JS, Jensen TG, Kolmos HJ, Pedersen C, Lassen A. Bacteremia with 

Streptococcus pneumoniae: sepsis and other risk factors for 30-day mortality—a 

hospital-based cohort study. Eur J Clin Microbiol Infect Dis. 2012;31(10):2719–25.  

32.  Shah BA, Singh G, Naik MA, Dhobi GN. Bacteriological and clinical profile of 

Community acquired pneumonia in hospitalized patients. Lung India Off Organ 

Indian Chest Soc. 2010;27(2):54–7.  

33.  Bansal S, Kashyap S, Pal LS, Goel A. Clinical and bacteriological profile of 

community acquired pneumonia in Shimla, Himachal Pradesh. Indian J Chest Dis 

Allied Sci. 2004 Mar;46(1):17–22.  



 

 

117 

 

34.  Capoor MR, Nair D, Aggarwal P, Gupta B. Rapid diagnosis of community-

acquired pneumonia using the BacT/Alert 3D system. Braz J Infect Dis Off Publ Braz 

Soc Infect Dis. 2006 Oct;10(5):352–6.  

35.  Metersky ML, Ma A, Bratzler DW, Houck PM. Predicting Bacteremia in Patients 

with Community-Acquired Pneumonia. Am J Respir Crit Care Med. 2004 Feb 

1;169(3):342–7.  

36.  Moon H-W, Ko YJ, Park S, Hur M, Yun Y-M. Analysis of community-and 

hospital-acquired bacteraemia during a recent 5-year period. J Med Microbiol. 

2014;63(Pt 3):421–6.  

37.  Phetsouvanh R, Phongmany S, Soukaloun D, Rasachak B, Soukhaseum V, 

Soukhaseum S, et al. Causes of Community-Acquired Bacteremia and Patterns of 

Antimicrobial Resistance in Vientiane, Laos. Am J Trop Med Hyg. 2006 Nov 

1;75(5):978–85.  

38.  Webb A, Starr M. Acute gastroenteritis in children. Aust Fam Physician. 2005 

Apr;34(4):227–31.  

39.  Torrey S, Fleisher G, Jaffe D. Incidence of Salmonella bacteremia in infants with 

Salmonella gastroenteritis. J Pediatr. 1986 May;108(5, Part 1):718–21.  

40.  Melzer M, Toner R, Lacey S, Bettany E, Rait G. Biliary tract infection and 

bacteraemia: presentation, structural abnormalities, causative organisms and clinical 

outcomes -- -- Postgraduate Medical Journal [Internet]. [cited 2015 Sep 10]. 

Available from: http://pmj.bmj.com 

41.  Lee C-C, Chang I-J, Lai Y-C, Chen S-Y, Chen S-C. Epidemiology and Prognostic 

Determinants of Patients with Bacteremic Cholecystitis or Cholangitis. Am J 

Gastroenterol. 2007 Mar;102(3):563–9.  

42.  Lee C-C, Chang I-J, Lai Y-C, Chen S-Y, Chen S-C. Epidemiology and prognostic 

determinants of patients with bacteremic cholecystitis or cholangitis. Am J 

Gastroenterol. 2007 Mar;102(3):563–9.  

43.  Chemaly RF, Hall GS, Keys TF, Procop GW. Microbiology of liver abscesses and 

the predictive value of abscess gram stain and associated blood cultures. Diagn 

Microbiol Infect Dis. 2003 Aug;46(4):245–8.  

44.  Huang CJ, Pitt HA, Lipsett PA, Osterman FA, Lillemoe KD, Cameron JL, et al. 

Pyogenic hepatic abscess. Changing trends over 42 years. Ann Surg. 1996 

May;223(5):600–7; discussion 607–9.  



 

 

118 

 

45.  Cho JH, Park KH, Kim SH, Bang JH, Park WB, Kim H-B, et al. Bacteremia is a 

prognostic factor for poor outcome in spontaneous bacterial peritonitis. Scand J Infect 

Dis. 2007;39(8):697–702.  

46.  Kuo C-H, Changchien C-S, Yang C-Y, Sheen I-S, Liaw Y-F. Bacteremia in 

patients with cirrhosis of the liver. Liver. 2008 Dec 10;11(6):334–9.  

47.  Tay E-Y, Thirumoorthy T, Pang S-M, Lee H-Y. Clinical outcomes of bacteraemia 

in cellulitis of the leg. Clin Exp Dermatol. 2014 Aug 1;39(6):683–8.  

48.  Peralta G, Padrón E, Roiz MP, De Benito I, Garrido JC, Talledo F, et al. Risk 

factors for bacteremia in patients with limb cellulitis. Eur J Clin Microbiol Infect Dis 

Off Publ Eur Soc Clin Microbiol. 2006 Oct;25(10):619–26.  

49.  Micek ST, Hoban AP, Pham V, Doherty JA, Zilberberg MD, Shorr AF, et al. 

Bacteremia increases the risk of death among patients with soft-tissue infections. Surg 

Infect. 2010 Apr;11(2):169–76.  

50.  Gunderson CG, Martinello RA. A systematic review of bacteremias in cellulitis 

and erysipelas. J Infect. 2012 Feb;64(2):148–55.  

51.  Chandramuki A, Mani R, Pradhan S, Nagarathna S, Wasiulla R. Bacteriological 

profile of community acquired acute bacterial meningitis: A ten-year retrospective 

study in a tertiary neurocare centre in South India. Indian J Med Microbiol. 

2007;25(2):108.  

52.  Shahum A, Holeckova K, Lesnakova A, Streharova A, Karvaj M, Steno J, et al. 

Bacteremic meningitis is associated with inferior outcome in comparison to 

community acquired meningitis without bacteremia. Neuro Endocrinol Lett. 2007 

Nov;28 Suppl 3:25–6.  

53.  Mi MC, F MA, Al JB, E HG, O TE, A J-J. Ability of procalcitonin to predict 

bacterial meningitis in the emergency department. Neurol Barc Spain [Internet]. 2014 

Oct [cited 2015 Sep 6]; Available from: http://europepmc.org/abstract/med/25288535 

54.  Durand ML, Calderwood SB, Weber DJ, Miller SI, Southwick FS, Caviness VS, 

et al. Acute bacterial meningitis in adults. A review of 493 episodes. N Engl J Med. 

1993 Jan 7;328(1):21–8.  

55.  Dodge PR, Swartz MN. BACTERIAL MENINGITIS--A REVIEW OF 

SELECTED ASPECTS. II. SPECIAL NEUROLOGIC PROBLEMS, 

POSTMENINGITIC COMPLACATIONS AND CLINICOPATHOLOGICAL 

CORRELATIONS. N Engl J Med. 1965 May 6;272:954–60 CONTD.  



 

 

119 

 

56.  Graff LR, Franklin KK, Witt L, Cohen N, Jacobs RA, Tompkins L, et al. 

Antimicrobial therapy of gram-negative bacteremia at two university-affiliated 

medical centers. Am J Med. 2002 Feb 15;112(3):204–11.  

57.  Martin GS, Mannino DM, Moss M. The effect of age on the development and 

outcome of adult sepsis. Crit Care Med. 2006 Jan;34(1):15–21.  

58.  McCue JD. Gram-Negative Bacillary Bacteremia in the Elderly: Incidence, 

Ecology, Etiology, and Mortality. J Am Geriatr Soc. 1987 Mar 1;35(3):213–8.  

59.  Joshi N, Caputo GM, Weitekamp MR, Karchmer AW. Infections in Patients with 

Diabetes Mellitus. N Engl J Med. 1999 Dec 16;341(25):1906–12.  

60.  Delamaire M, Maugendre D, Moreno M, Le Goff MC, Allannic H, Genetet B. 

Impaired leucocyte functions in diabetic patients. Diabet Med J Br Diabet Assoc. 

1997 Jan;14(1):29–34.  

61.  Valerius NH, Eff C, Hansen NE, Karle H, Nerup J, Søeberg B, et al. Neutrophil 

and lymphocyte function in patients with diabetes mellitus. Acta Med Scand. 

1982;211(6):463–7.  

62.  Thomsen RW, Hundborg HH, Lervang H-H, Johnsen SP, Schønheyder HC, 

Sørensen HT. Diabetes Mellitus as a Risk and Prognostic Factor for Community-

Acquired Bacteremia Due to Enterobacteria: A 10-Year, Population-Based Study 

among Adults. Clin Infect Dis. 2005 Feb 15;40(4):628–31.  

63.  Mentzer RM, Golden GT, Chandler JG, Horsley JS. A comparative appraisal of 

emphysematous cholecystitis. Am J Surg. 1975 Jan;129(1):10–5.  

64.  Abengowe CU, McManamon PJ. Acute emphysematous cholecystitis. Can Med 

Assoc J. 1974 Nov 16;111(10):1112–4.  

65.  Nicolle LE, Friesen D, Harding GKM, Roos LL. Hospitalization for Acute 

Pyelonephritis in Manitoba, Canada, During the Period from 1989 to 1992: Impact of 

Diabetes, Pregnancy, and Aboriginal Origin. Clin Infect Dis. 1996 Jun 1;22(6):1051–

6.  

66.  Meyer CN, Skinhøj P, Prag J. Bacteremia in HIV-positive and AIDS patients: 

incidence, species distribution, risk-factors, outcome, and influence of long-term 

prophylactic antibiotic treatment. Scand J Infect Dis. 1994;26(6):635–42.  

67.  Mootsikapun P. Bacteremia in adult patients with acquired immunodeficiency 

syndrome in the northeast of Thailand. Int J Infect Dis. 2007 May;11(3):226–31.  



 

 

120 

 

68.  Huson MAM, Stolp SM, van der Poll T, Grobusch MP. Community-acquired 

bacterial bloodstream infections in HIV-infected patients: a systematic review. Clin 

Infect Dis Off Publ Infect Dis Soc Am. 2014 Jan;58(1):79–92.  

69.  King K. Septicaemia in patients with haematological malignant disease. Med J 

Aust. 1980 Jun 14;1(12):603–6.  

70.  Trager GM, Panwalker AP. Recovery from Bacillus cereus sepsis. South Med J. 

1979 Dec;72(12):1632–3.  

71.  Boelaert JR, van Landuyt HW, Valcke YJ, Cantinieaux B, Lornoy WF, 

Vanherweghem JL, et al. The role of iron overload in Yersinia enterocolitica and 

Yersinia pseudotuberculosis bacteremia in hemodialysis patients. J Infect Dis. 1987 

Aug;156(2):384–7.  

72.  Gold JS, Bayar S, Salem RR. Association of Streptococcus bovis bacteremia with 

colonic neoplasia and extracolonic malignancy. Arch Surg Chic Ill 1960. 2004 

Jul;139(7):760–5.  

73.  Forlenza SW, Newman MG, Lipsey AI, Siegel SE, Blachman U. Capnocytophaga 

sepsis: a newly recognised clinical entity in granulocytopenic patients. Lancet Lond 

Engl. 1980 Mar 15;1(8168 Pt 1):567–8.  

74.  Beebe JL, Koneman EW. Recovery of uncommon bacteria from blood: association 

with neoplastic disease. Clin Microbiol Rev. 1995;8(3):336–56.  

75.  Rackoff WR, Gonin R, Robinson C, Kreissman SG, Breitfeld PB. Predicting the 

risk of bacteremia in childen with fever and neutropenia. J Clin Oncol. 1996 Mar 

1;14(3):919–24.  

76.  Bates DW, Sands K, Miller E, Lanken PN, Hibberd PL, Graman PS, et al. 

Predicting bacteremia in patients with sepsis syndrome. J Infect Dis. 

1997;176(6):1538–51.  

77.  De Jager CP, Van Wijk PT, Mathoera RB, de Jongh-Leuvenink J, van der Poll T, 

Wever PC. Lymphocytopenia and neutrophil-lymphocyte count ratio predict 

bacteremia better than conventional infection markers in an emergency care unit. Crit 

Care. 2010;14(5):R192.  

78.  Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. 

Surviving sepsis campaign: international guidelines for management of severe sepsis 

and septic shock: 2012. Crit Care Med. 2013 Feb;41(2):580–637.  

79.  Sepsis syndrome: A valid clinical entity. : Critical Care Medicine [Internet]. 

LWW. [cited 2015 Sep 12]. Available from: 



 

 

121 

 

http://journals.lww.com/ccmjournal/Fulltext/1989/05000/Sepsis_syndrome__A_valid

_clinical_entity_.2.aspx 

80.  Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis CS, Wenzel RP. The 

natural history of the systemic inflammatory response syndrome (SIRS): a 

prospective study. Jama. 1995;273(2):117–23.  

81.  Aube H, Milan C, Blettery B. Risk factors for septic shock in the early 

management of bacteremia. Am J Med. 1992;93(3):283–8.  

82.  Brun-Buisson C, Doyon F, Carlet J, et al. Incidence, risk factors, and outcome of 

severe sepsis and septic shock in adults: A multicenter prospective study in intensive 

care units. JAMA. 1995 Sep 27;274(12):968–74.  

83.  Bone RC. Toward an epidemiology and natural history of SIRS (systemic 

inflammatory response syndrome). JAMA. 1992 Dec 23;268(24):3452–5.  

84.  Opal SM. The host response to endotoxin, antilipopolysaccharide strategies, and 

the management of severe sepsis. Int J Med Microbiol IJMM. 2007 Sep;297(5):365–

77.  

85.  Van der Poll T, Opal SM. Host-pathogen interactions in sepsis. Lancet Infect Dis. 

2008 Jan;8(1):32–43.  

86.  Takeda K, Akira S. Toll-like receptors in innate immunity. Int Immunol. 2005 

Jan;17(1):1–14.  

87.  Huttunen R, Aittoniemi J. New concepts in the pathogenesis, diagnosis and 

treatment of bacteremia and sepsis. J Infect. 2011 Dec;63(6):407–19.  

88.  Senftleben U, Karin M. The IKK/NF-kappa B pathway. Crit Care Med. 2002 

Jan;30(1 Suppl):S18–26.  

89.  Casey LC. Immunologic response to infection and its role in septic shock. Crit 

Care Clin. 2000 Apr;16(2):193–213.  

90.  Kupper TS, Fuhlbrigge RC. Immune surveillance in the skin: mechanisms and 

clinical consequences. Nat Rev Immunol. 2004 Mar;4(3):211–22.  

91.  Segal AW. How neutrophils kill microbes. Annu Rev Immunol. 2005;23:197–223.  

92.  Rigby KM, DeLeo FR. Neutrophils in innate host defense against Staphylococcus 

aureus infections. Semin Immunopathol. 2012 Mar;34(2):237–59.  

93.  Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS, et al. 

Neutrophil extracellular traps kill bacteria. Science. 2004 Mar 5;303(5663):1532–5.  



 

 

122 

 

94.  Sjöholm AG, Jönsson G, Braconier JH, Sturfelt G, Truedsson L. Complement 

deficiency and disease: an update. Mol Immunol. 2006 Jan;43(1-2):78–85.  

95.  Winkelstein JA. The Role of Complement in the Host’s Defense Against 

Streptococcus pneumoniae. Rev Infect Dis. 1981 Mar 1;3(2):289–98.  

96.  Zipfel PF, Würzner R, Skerka C. Complement evasion of pathogens: common 

strategies are shared by diverse organisms. Mol Immunol. 2007 Sep;44(16):3850–7.  

97.  O’Shea JJ, Paul WE. Mechanisms underlying lineage commitment and plasticity 

of helper CD4+ T cells. Science. 2010 Feb 26;327(5969):1098–102.  

98.  Van de Veerdonk FL, Gresnigt MS, Kullberg BJ, van der Meer JWM, Joosten 

LAB, Netea MG. Th17 responses and host defense against microorganisms: an 

overview. BMB Rep. 2009 Dec 31;42(12):776–87.  

99.  Zhang N, Bevan MJ. CD8(+) T cells: foot soldiers of the immune system. 

Immunity. 2011 Aug 26;35(2):161–8.  

100.  Bohnsack JF, Brown EJ. The role of the spleen in resistance to infection. Annu 

Rev Med. 1986;37:49–59.  

101.  Wood AJ, Gold HS, Moellering Jr RC. Antimicrobial-drug resistance. N Engl J 

Med. 1996;335(19):1445–53.  

102.  Pitout JD, Sanders CC, Sanders WE. Antimicrobial resistance with focus on beta-

lactam resistance in gram-negative bacilli. Am J Med. 1997 Jul;103(1):51–9.  

103.  Jacoby GA, Munoz-Price LS. The new beta-lactamases. N Engl J Med. 2005 Jan 

27;352(4):380–91.  

104.  Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: a clinical update. 

Clin Microbiol Rev. 2005 Oct;18(4):657–86.  

105.  Vahaboglu H, Oztürk R, Aygün G, Coşkunkan F, Yaman A, Kaygusuz A, et al. 

Widespread detection of PER-1-type extended-spectrum beta-lactamases among 

nosocomial Acinetobacter and Pseudomonas aeruginosa isolates in Turkey: a 

nationwide multicenter study. Antimicrob Agents Chemother. 1997;41(10):2265–9.  

106.  Sawai T, Mitsuhashi S, Yamagishi S. Comparison of the Chromosomal and 

Extrachromosomal Genetic Determinants Controlling Staphylococcal Penicillinase 

Production. Jpn J Microbiol. 1968 Apr 1;12(4):531–3.  

107.  Richmond MH, Sykes RB. The beta-lactamases of gram-negative bacteria and 

their possible physiological role. Adv Microb Physiol. 1973;9:31–88.  



 

 

123 

 

108.  Hirai K, Sato K, Matsubara N, Katsumata R, Inoue M, Mitsuhashi S. 

Immunological properties of beta-lactamases that hydrolyze cefuroxime and 

cefotaxime. Antimicrob Agents Chemother. 1981;20(2):262–4.  

109.  Bush K. Characterization of beta-lactamases. Antimicrob Agents Chemother. 

1989;33(3):259.  

110.  Ambler RP, Coulson AF, Frère J-M, Ghuysen J-M, Joris B, Forsman M, et al. A 

standard numbering scheme for the class A beta-lactamases. Biochem J. 1991;276(Pt 

1):269.  

111.  Sirot D, Recule C, Chaibi EB, Bret L, Croize J, Chanal-Claris C, et al. A complex 

mutant of TEM-1 beta-lactamase with mutations encountered in both IRT-4 and 

extended-spectrum TEM-15, produced by an Escherichia coli clinical isolate. 

Antimicrob Agents Chemother. 1997;41(6):1322–5.  

112.  Nukaga M, Mayama K, Hujer AM, Bonomo RA, Knox JR. Ultrahigh resolution 

structure of a class A β-lactamase: on the mechanism and specificity of the extended-

spectrum SHV-2 enzyme. J Mol Biol. 2003;328(1):289–301.  

113.  Yuan M, Aucken H, Hall LM, Pitt TL, Livermore DM. Epidemiological typing of 

klebsiellae with extended-spectrum beta-lactamases from European intensive care 

units. J Antimicrob Chemother. 1998;41(5):527–39.  

114.  Weldhagen GF, Poirel L, Nordmann P. Ambler class A extended-spectrum beta-

lactamases in Pseudomonas aeruginosa: novel developments and clinical impact. 

Antimicrob Agents Chemother. 2003 Aug;47(8):2385–92.  

115.  Yong D, Shin JH, Kim S, Lim Y, Yum JH, Lee K, et al. High prevalence of PER-1 

extended-spectrum beta-lactamase-producing Acinetobacter spp. in Korea. 

Antimicrob Agents Chemother. 2003 May;47(5):1749–51.  

116.  Bonnet R, Sampaio JL, Chanal C, Sirot D, De Champs C, Viallard JL, et al. A 

novel class A extended-spectrum beta-lactamase (BES-1) in Serratia marcescens 

isolated in Brazil. Antimicrob Agents Chemother. 2000 Nov;44(11):3061–8.  

117.  Jacoby GA, Medeiros AA. More extended-spectrum beta-lactamases. Antimicrob 

Agents Chemother. 1991 Sep;35(9):1697–704.  

118.  Danel F, Hall LM, Duke B, Gur D, Livermore DM. OXA-17, a further extended-

spectrum variant of OXA-10 beta-lactamase, isolated from Pseudomonas aeruginosa. 

Antimicrob Agents Chemother. 1999 Jun;43(6):1362–6.  



 

 

124 

 

119.  Chow JW, Fine MJ, Shlaes DM, Quinn JP, Hooper DC, Johnson MP, et al. 

Enterobacter bacteremia: clinical features and emergence of antibiotic resistance 

during therapy. Ann Intern Med. 1991 Oct 15;115(8):585–90.  

120.  Nordmann P, Poirel L. Emerging carbapenemases in Gram-negative aerobes. Clin 

Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect Dis. 2002 Jun;8(6):321–31.  

121.  Burwen DR, Banerjee SN, Gaynes RP. Ceftazidime resistance among selected 

nosocomial gram-negative bacilli in the United States. National Nosocomial 

Infections Surveillance System. J Infect Dis. 1994 Dec;170(6):1622–5.  

122.  Winokur PL, Canton R, Casellas JM, Legakis N. Variations in the prevalence of 

strains expressing an extended-spectrum beta-lactamase phenotype and 

characterization of isolates from Europe, the Americas, and the Western Pacific 

region. Clin Infect Dis Off Publ Infect Dis Soc Am. 2001 May 15;32 Suppl 2:S94–

103.  

123.  Mathai D. Mathai D. Clinico-Epidemiologic and Molecular Characterization of  

MRSA and ESBL Producing Escherichia coli, Klebsiella spp. and Enterobacter spp., 

Causing Hospital and Community - Acquired Infections in Indian Hospitals [ 2007.  

124.  Mathur P, Kapil A, Das B, Dhawan B. Prevalence of extended spectrum beta 

lactamase producing gram negative bacteria in a tertiary care hospital. Indian J Med 

Res. 2002 Apr;115:153–7.  

125.  Abhilash KPP, Veeraragavan B, Abraham OC. Epidemiology and Outcome of 

Bacteremia caused by ESBL-producing E. Coli and Klebsiella spp. In a Tertiary care 

Teaching hospital in South India. J Assoc Physicians India. 2010;58.  

126.  Gopalakrishnan R, Sureshkumar D. Changing trends in antimicrobial 

susceptibility and hospital acquired infections over an 8 year period in a tertiary care 

hospital in relation to introduction of an infection control programme. J Assoc 

Physicians India. 2010 Dec;58 Suppl:25–31.  

127.  Sader HS, Farrell DJ, Jones RN. Antimicrobial susceptibility of Gram-positive 

cocci isolated from skin and skin-structure infections in European medical centres. Int 

J Antimicrob Agents. 2010 Jul;36(1):28–32.  

128.  Tracy LA, Furuno JP, Harris AD, Singer M, Langenberg P, Roghmann M-C. 

Staphylococcus aureus infections in US veterans, Maryland, USA, 1999-2008. Emerg 

Infect Dis. 2011 Mar;17(3):441–8.  

129.  Joshi S, Ray P, Manchanda V, Bajaj J, Chitnis DS, Gautam V, et al. Methicillin 

resistant Staphylococcus aureus (MRSA) in India: Prevalence & susceptibility 

pattern. Indian J Med Res. 2013 Feb;137(2):363–9.  



 

 

125 

 

130.  D’Souza N, Rodrigues C, Mehta A. Molecular characterization of methicillin-

resistant Staphylococcus aureus with emergence of epidemic clones of sequence type 

(ST) 22 and ST 772 in Mumbai, India. J Clin Microbiol. 2010 May;48(5):1806–11.  

131.  Mathai D. Methicillin- resistant Staphylococcus aureus (MRSA) causing blood 

stream infections (BSI) and skin- soft tissue infection (SSTI) at a tertiary care center 

in India. In Idsa; 2007 [cited 2015 Sep 6]. Available from: 

https://idsa.confex.com/idsa/2007/webprogram/Paper24406.html 

132.  Thomas K. Prospective multicentre hospital surveillance of Streptococcus 

pneumoniae disease in India. The Lancet. 1999 Apr 10;353(9160):1216–21.  

133.  Kang C-I, Song J-H, Kim SH, Chung DR, Peck KR, So TM, et al. Risk factors for 

levofloxacin-nonsusceptible Streptococcus pneumoniae in community-acquired 

pneumococcal pneumonia: a nested case–control study. Eur J Clin Microbiol Infect 

Dis. 2013 Sep 6;33(1):55–9.  

134.  Tokuda Y, Miyasato H, Stein GH. A simple prediction algorithm for bacteraemia 

in patients with acute febrile illness. QJM. 2005 Nov 1;98(11):813–20.  

135.  Rackoff WR, Gonin R, Robinson C, Kreissman SG, Breitfeld PB. Predicting the 

risk of bacteremia in childen with fever and neutropenia. J Clin Oncol. 

1996;14(3):919–24.  

136.  Bates DW, Sands K, Miller E, Lanken PN, Hibberd PL, Graman PS, et al. 

Predicting Bacteremia in Patients with Sepsis Syndrome. J Infect Dis. 1997 Dec 

1;176(6):1538–51.  

137.  Paterson DL, Ko W-C, Gottberg AV, Mohapatra S, Casellas JM, Goossens H, et 

al. International Prospective Study of Klebsiella pneumoniae Bacteremia: 

Implications of Extended-Spectrum β-Lactamase Production in Nosocomial 

Infections. Ann Intern Med. 2004 Jan 6;140(1):26–32.  

138.  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic 

Dis. 1987;40(5):373–83.  

139.  Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of 

disease classification system. Crit Care Med. 1985 Oct;13(10):818–29.  

140.  Rhee J-Y, Kwon KT, Ki HK, Shin SY, Jung DS, Chung D-R, et al. Scoring 

systems for prediction of mortality in patients with intensive care unit-acquired 

sepsis: a comparison of the Pitt bacteremia score and the Acute Physiology and 

Chronic Health Evaluation II scoring systems. Shock Augusta Ga. 2009 

Feb;31(2):146–50.  



 

 

126 

 

141.  Roberts FJ, Geere IW, Coldman A. A three-year study of positive blood cultures, 

with emphasis on prognosis. Rev Infect Dis. 1991 Feb;13(1):34–46.  

142.  Haug JB, Harthug S, Kalager T, Digranes A, Solberg CO. Bloodstream infections 

at a Norwegian university hospital, 1974–1979 and 1988–1989: changing etiology, 

clinical features, and outcome. Clin Infect Dis. 1994;19(2):246–56.  

143.  Kang C-I, Kim S-H, Park WB, Lee K-D, Kim H-B, Kim E-C, et al. Bloodstream 

infections caused by antibiotic-resistant gram-negative bacilli: risk factors for 

mortality and impact of inappropriate initial antimicrobial therapy on outcome. 

Antimicrob Agents Chemother. 2005 Feb;49(2):760–6.  

144.  Bates DW, Pruess KE, Lee TH. How bad are bacteremia and sepsis? Outcomes in 

a cohort with suspected bacteremia. Arch Intern Med. 1995 Mar 27;155(6):593–8.  

145.  Gikas A, Samonis G, Christidou A, Papadakis J, Kofteridis D, Tselentis Y, et al. 

Gram-negative bacteremia in non-neutropenic patients: a 3-year review. Infection. 

1998 Jun;26(3):155–9.  

146.  Yo C-H, Lee M-TG, Gi W-T, Chang S-S, Tsai K-C, Chen S-C, et al. Prognostic 

determinants of community-acquired bloodstream infection in type 2 diabetic patients 

in ED. Am J Emerg Med. 2014 Dec;32(12):1450–4.  

147.  Garnacho-Montero J, Garcia-Garmendia JL, Barrero-Almodovar A, Jimenez-

Jimenez FJ, Perez-Paredes C, Ortiz-Leyba C. Impact of adequate empirical antibiotic 

therapy on the outcome of patients admitted to the intensive care unit with sepsis. Crit 

Care Med. 2003 Dec;31(12):2742–51.  

148.  Harbarth S, Garbino J, Pugin J, Romand JA, Lew D, Pittet D. Inappropriate initial 

antimicrobial therapy and its effect on survival in a clinical trial of 

immunomodulating therapy for severe sepsis. Am J Med. 2003 Nov;115(7):529–35.  

149.  Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The influence of 

inadequate antimicrobial treatment of bloodstream infections on patient outcomes in 

the ICU setting. Chest. 2000 Jul;118(1):146–55.  

150.  Schramm GE, Johnson JA, Doherty JA, Micek ST, Kollef MH. Methicillin-

resistant Staphylococcus aureus sterile-site infection: The importance of appropriate 

initial antimicrobial treatment. Crit Care Med. 2006 Aug;34(8):2069–74.  

151.  Oberoi A, Aggarwal A. Bacteriological profile, Serology and antibiotic Sensitivity 

pattern of microorganisms from community acquired Pneumonia. JK Sci. 2006;79–

82.  

152.  CDC/NHSN Surveillance Definitions for Specific Types of Infections.  



 

 

127 

 

153.  Dhanwal DK, Agarwal S, Garg S, Agarwal P. Clinical & immunological profile of 

newly diagnosed patients with youth onset diabetes mellitus. Indian J Med Res. 2014 

Sep;140(3):356–60.  

154.  Abhilash KPP, Veeraraghavan B, Abraham OC. Epidemiology and outcome of 

bacteremia caused by extended spectrum beta-lactamase (ESBL)-producing 

Escherichia coli and Klebsiella spp. in a tertiary care teaching hospital in south India. 

J Assoc Physicians India. 2010 Dec;58 Suppl:13–7.  

155.  Pedersen G, Schønheyder HC, Sørensen HT. Source of infection and other factors 

associated with case fatality in community-acquired bacteremia—a Danish 

population-based cohort study from 1992 to 1997. Clin Microbiol Infect. 

2003;9(8):793–802.  

156.  Laupland KB, Gregson DB, Flemons WW, Hawkins D, Ross T, Church DL. 

Burden of community-onset bloodstream infection: a population-based assessment. 

Epidemiol Infect. 2007 Aug;135(06):1037–42.  

157.  Dance DA. Melioidosis as an emerging global problem. Acta Trop. 

2000;74(2):115–9.  

158.  John TJ, Jesudason MV, Lalitha MK, Ganesh A, Mohandas V, Cherian T, et al. 

Melioidosis In India: the tip of the iceberg? Indian J Med Res. 1996;103:62–5.  

159.  Woerther P-L, Burdet C, Chachaty E, Andremont A. Trends in human fecal 

carriage of extended-spectrum β-lactamases in the community: toward the 

globalization of CTX-M. Clin Microbiol Rev. 2013 Oct;26(4):744–58.  

160.  Nagshetty K, Channappa ST, Gaddad SM. Antimicrobial susceptibility of 

Salmonella Typhi in India. J Infect Dev Ctries. 2010 Feb;4(2):70–3.  

161.  Olarte J, Galindo E. Salmonella typhi resistant to Chloramphenicol, Ampicillin, 

and Other Antimicrobial Agents: Strains Isolated During an Extensive Typhoid Fever 

Epidemic in Mexico. Antimicrob Agents Chemother. 1973 Dec;4(6):597–601.  

162.  Anderson DJ, Moehring RW, Sloane R, Schmader KE, Weber DJ, Fowler VG Jr, 

et al. Bloodstream Infections in Community Hospitals in the 21st Century: A 

Multicenter Cohort Study. PLoS ONE. 2014 Mar 18;9(3):e91713.  

163.  Prakash Sk, Wadhwa A, Garg V, Pati B, Thind P. Bacteriological profile of 

community-acquired pyodermas with special reference to methicillin resistant 

Staphylococcus aureus. Indian J Dermatol Venereol Leprol. 2010;76(5):572.  

164.  Alvarez-Uria G, Reddy R, Alvarez-Uria G, Reddy R. Prevalence and Antibiotic 

Susceptibility of Community-Associated Methicillin-Resistant Staphylococcus aureus 



 

 

128 

 

in a Rural Area of India: Is MRSA Replacing Methicillin-Susceptible Staphylococcus 

aureus in the Community?, Prevalence and Antibiotic Susceptibility of Community-

Associated Methicillin-Resistant Staphylococcus aureus in a Rural Area of India: Is 

MRSA Replacing Methicillin-Susceptible Staphylococcus aureus in the Community? 

Int Sch Res Not Int Sch Res Not. 2012 Oct 15;2012, 2012:e248951.  

165.  Song J-H, Hsueh P-R, Chung DR, Ko KS, Kang C-I, Peck KR, et al. Spread of 

methicillin-resistant Staphylococcus aureus between the community and the hospitals 

in Asian countries: an ANSORP study. J Antimicrob Chemother. 2011 May 

1;66(5):1061–9.  

166.  Byl B, Clevenbergh P, Jacobs F, Struelens MJ, Zech F, Kentos A, et al. Impact of 

infectious diseases specialists and microbiological data on the appropriateness of 

antimicrobial therapy for bacteremia. Clin Infect Dis Off Publ Infect Dis Soc Am. 

1999 Jul;29(1):60–6; discussion 67–8.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

129 

 

 
 

Index of Figures and Tables  
 
 
Figure 1 :  Microorganisms causing bacteremia among patients with cancer .................. 29 

Figure 2: The interrelationship between systemic inflammatory response (SIRS), sepsis, 

and infection ...................................................................................................................... 34 

Figure 3: Classification algorithm for predicting bacteremia in patients with acute febrile 

illness (temperature ≥38°C) in the first scenario (without use of laboratory data). .......... 52 

Figure 4: Classification algorithm for predicting bacteremia in patients with acute febrile 

illness (temperature ≥38°C) in the second scenario (with use of laboratory data) ........... 53 

Figure 5 : Strobe diagram of the progress through phases of study .................................. 73 

Figure 6 : Distribution of population based on age (years) ............................................... 75 

Figure 7 : Co-morbidities found at the time of admission to the hospital ......................... 77 

Figure 8 : Distribution of CCI among patients with CAB (n=179)................................... 78 

Figure 9: Symptoms at the time of presentation among patients with CAB (n=179) ....... 79 

Figure 10 : Distribution of Pitts Bacteremia score among patients witn CAB (n=179) ... 81 

Figure 11: Prevalence of SIRS among patients admitted with CAB (n=179) .................. 82 

Figure 12 : Hypotension at presentation among patients with CAB (n=179) ................... 82 

Figure 13 : Source of bacteremia among patients with CAB. ........................................... 84 

Figure 14: Pathogens associated with CAB (n=179) ........................................................ 88 

Figure 15: ESBL producers among E.coli and Klebsiella ................................................. 90 



 

 

130 

 

Figure 16: Clinical syndromes caused by Staphylococcus aureus (n=20) ........................ 93 

Figure 17: Appropriateness of the empirical choice of antibiotic in CAB (n=171) .......... 99 

 

 

Table 1 : Baseline characteristics of patients enrolled in study ........................................ 75 

Table 2 : Occupation of the patients in the study .............................................................. 76 

Table 3 : Details of antibiotics administered prior to admission among patients with 

CAB. .................................................................................................................................. 80 

Table 4: Diagnosis at discharge among patients with CAB. (n=179) ............................... 85 

Table 5: AST patterns for Escherichia coli and Klebsiella spp. ....................................... 89 

Table 6: AST patterns for Salmonella sp (n=22) .............................................................. 91 

Table 7: AST pattern of Staphylococcus aureus isolates .................................................. 92 

Table 8: AST pattern of Streptococcus pneumoniae (n=12) ............................................. 94 

Table 9: AST pattern among Enterococcus spp(n=6) ....................................................... 95 

Table 10: Various antimicrobials which were given prior to admission ........................... 96 

Table 11: Distribution of SOFA score among the patients with CAB (n=164) ................ 97 

Table 12: Predictors of mortality at 28 days among patients with CAB (n=179) ........... 103 

Table 13: Independent predictors of mortality at 28 days in CAB ................................. 104 

 

 
 
 
 



 

 

131 

 

 

 

 

Annexure – 1:  Pitts bacteremia score  
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Annexure – 2: Charlson’s co-morbidity index (CCI)  
 

  

 

 

 

1- year mortality rates for different scores – CCI (138) 

0 12 % 

1-2 26 % 

3-4 52 % 

≥ 5 85 % 
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Annexure-3: SOFA score  
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Annexure – 4: APACHE II  
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Annexure – 5 - Clinical research form (CRF) 

 

 

 

PROFILE OF COMMUNITY ACQUIRED BACTEREMIA – 

STUDY 
 

 

 

Name:                                                        Age:                  Sex:  M / F               DOA/1st visit: 

…./.…/201 

 

Hosp No:                                                       Occupation:    HW /Man labor 

/Student/Business/………… 

State: TN/AP/WB/KL…………….                           Ward: 

Contact Number:                                                        Address: 

 

Charlson  comorbidity score                          

Total score ( AGE + 

COMORBIDITY ) 

 

 

 

 

 

                                         Probable source of 

infection : 

CVS Renal Respiratory CNS Bone Soft tisssue Unknown 

 

AGE   

< 40  0 

41-50 1 

51-60 2 

61-70 3 

71-80 4 

MI  CTD  

CHF  COPD  

PVD  DEMENTIA  

CVA  PUD  

DM  CLD  
DM  

WITH EOD 

 

HEMIPLEGIA   

LEUKEMIA  

MALIGNANT 

LYMPHOMA 

 

SOLID 

TUMOR 

 

LIVER DISEASE  

MODERATE TO 

SEVERE 

 

SOLID TUMOR 

 (METASTATIC) 

 

AIDS  

 

2 

3 

1 

Other

s 

6 
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Total duration of illness : 

Prior use of antibiotics  

NAME  DOSE NO OF DOSES  

   

   

   

 

 PITT s Bacteremia scoring system  

 

 

SOFA prognostic score  

 

 

Investigations 

Hemoglobin  Creat /Urea          / SGOT/ SGPT       / 

TC  Na / K          / ALP  

Neutrophils         % Bicarbonate  CPK   

Lymphocytes         % TB / DB          / BBVS  

Left shift Yes/No Protein/Alb          / lactate  

 

YES NO 

Ventilation   2  

Cardiac arrest  4  

Mental status Alert  0  

 Disoriented 1  

 Stuporous 2  

 Comatosed 4  

Total score    

      

Fever ( Oral ) 

< 95 F - > 104 F 2  

  95 F – 97 F (or)  

  102 F – 104 F 

1  

  97 F – 101 F 0  

Hypotension  Sys  B.P < 90  

Drop > 30 mm Hg 

2  

 0 1 2 3 4 Total 

P/F ratio >400 ≤400 ≤300 ≤200 ≤100  

Platelets >1,50,000 1-1.5  L 50000-1 

L 

20,000-50,000 <20000 

Bilirubin <1.2 1.2-1.9 2-5.9 6-11.9 >12 

BP No hypo MAP<70 Dopa<5  Dopa>5/Ad<0.1 Dopa>15/Adr>0.1 

GCS 15 13-14 10-12 6-9 <6 

Creatinine <1.2 1.2-1.9 2-3.4 3.5-4.9 >5 
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Treatment  Details ::                                                Appropriate 

 Empirical antibiotic given –                                                        

 Culture sensitivity : 

                                        

 

 

 

 

 

 

 

 

 

 

 

 

YES NO 

       Antibiotic               1st  
  Cefoxitin    S    I    R 

  Cefazolin    S    I    R 

  Ciprofloxacin    S    I    R 

  Cefalexin    S    I     R 

  Chloramphenicol    S    I    R 

  Erythromycin    S    I    R 

  Amikacin    S    I    R 

  Piptaz    S    I    R 

  Linezolid    S    I    R 

  Levofloxacin    S    I    R 

  Oxacillin    S    I    R 

  Imipenem    S    I    R 

  Meropenem    S    I    R 

  Vancomycin    S    I    R 

  Teicolplanin    S    I    R 

    

    

       Antibiotic               1st  
  Aztreonam   S   I    R 

  Cefotaxime    S    I    R 

  Ceftazidime    S    I    R 

  Ciprofloxacin    S    I    R 

  Gentamicin    S    I     R 

  Amoxiclav    S    I    R 

  Amikacin    S    I    R 

  Piptaz    S    I    R 

  Colistin    S    I    R 

  Cefoperazone/Sul    S    I    R 

  Imipenem    S    I    R 

  Meropenem    S    I    R 

  Cefopodoxime    S    I    R 

  Tigecylcine     S    I    R 

    

    

OUTCOME AT 14 DAY OF ADMISSION         -             ALIVE    /   DECEASED  

                           28 DAY OF ADMISSION        -             ALIVE    /   DECEASED  

                           DISCHARGE                             -             ALIVE    /   DECEASED  
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Annexure – 6 – Consent form  
 

Format for Informed Consent Form for Subjects 

 

Informed Consent form to participate in a research study  

 

Study Title: Profile of community acquired bacteremia  

 

Study Number: ____________ 

 

Subject's Initials: __________________  

Subject's Name: _________________________________________ 

 

Date of Birth / Age: ___________________________ 

 

 

(i)  I confirm that I have read and understood the information sheet dated ____________ for 

the above study and have had the opportunity to ask questions.  

 

(ii)  I understand that my participation in the study is voluntary and that I am free to withdraw 

at any time, without giving any reason, without my medical care or legal rights being 

affected.  
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(iii)  I understand that the Sponsor of the clinical trial, others working on the Sponsor's behalf, 

the Ethics Committee and the regulatory authorities will not need my permission to look at 

my health records both in respect of the current study and any further research that may be 

conducted in relation to it, even if I withdraw from the trial. I agree to this access. However, 

I understand that my identity will not be revealed in any information released to third 

parties or published.  

 

(iv)  I agree not to restrict the use of any data or results that arise from this study provided such 

a use is only for scientific purpose(s). 

 

(v)  I agree to take part in the above study.  

 

 

 

 

Signature (or Thumb impression) of the Subject/Legally Acceptable  

 

Date: _____/_____/______ 

 

Signatory's Name: _________________________________         Signature:  

 

Or 

 

 

 

 

 

Representative: _________________ 
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Date: _____/_____/______                  Signatory's Name: _________________________________ 

 

 

 

 

Signature of the Investigator: ________________________ 

 

Date: _____/_____/______ 

 

Study Investigator's Name: _________________________ 

 

 

 

 

Signature of the Witness: ___________________________ 

 

Date: _____/_____/_______ 

 

Name & Address of the Witness: ______________________________ 
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Annexure 6 – Patient Information sheet  
 

 

 

PROFILE OF COMMUNITY ACQUIRED BACTEREMIA – 

STUDY 

 

Patient information sheet 

 

Bacteremia refers to a condition with presence of living bacteria in the 

blood. It usually occurs as a part of serious life threatening infections, 

and if left untreated, are associated with significant death rates. Hence 

initiation of accurate and prompt antibiotic therapy plays a vital role in 

the outcome of these patients. Another major problem in treating this 

condition is presence of resistance to the antibiotics. 

Recently due to increasing use of “high power“ antibiotics, the problem 

of antibiotic resistance is  on the rise. 

This study helps in understanding the various bacteria causing these type 

of illnesses, their resistance patterns, thereby aiding in formulating 

antibiotic protocols.This study is purely bservational, the choice of 

antibiotic and treatment of the underlying condition is not influenced in 

any form. 

 

 


