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INTRODUCTION 

 Patients with malignancy have an increased risk to infection and more 

often the source of infection is not evident. Patients with underlying malignancy 

acquire blood stream infection (BSI) in the hospital up to 10% of patients. [1, 2, 3] 

Bloodstream infections (BSI) are severe complications in neutropenic cancer 

patients and is associated with a higher mortality when caused by Gram-negative 

bacteria. [1, 4] 

 
 Infections are the major cause of mortality and morbidity in hematological 

malignancy patients.  Autopsy studies report that more deaths from acute 

leukemia and lymphoma are caused directly by infection. [2] Due to aggressive 

chemotherapy, patients experience repeated cycles of period of 

immunosuppression, thus exposing a higher risk for infectious complications. [1] 

Bacteremia is one such complication seen commonly in hematological 

malignancy.  [1, 3] 

 
Fever associated with chemotherapy-induced neutropenia affects 

approximately 80% of patients with hematological malignancy. [5]   Neutropenia is 

the major risk factor for the development of infections in patients. [6, 7] 

 
 Bacterial sepsis ranks among top causes of death in these patients. [8,9] The 

invasion of microorganisms in the circulating blood pose a major threat to every 

organ in the body leading to serious consequences including septic shock, 



2 
 

disseminated intravascular coagulation, multiple organ failure and death. 

Prognosis is poor in patients with proven bacteremia.  [10, 11] 

 
The clinical presentation of BSI in may show variation from transient 

bacteremia to fulminant septic shock. In patients with BSI and hematological 

malignancy, crude mortality rate is about 18%–42% [6,7,12] Owing to the emerging 

multidrug-resistant organisms, antimicrobial treatment have become challenging 

in these patients.   

 
 Blood culture is important for the definitive diagnosis against the causative 

organisms in the presence of serious infection. It is the gold standard test for the 

detection of bacteremia. [10, 12]  

 
 Viral infections are often unrecognized in these immunocompromised 

patients. The true incidence of viral infections in hematological malignancy 

patients under conventional therapy are not adequately defined. [1, 13] Herpes 

Simplex Virus reactivation episodes in hematological malignancy patients is the 

most common viral infection encountered. [13, 14]  

 
 The present study is designed with the aim to isolate and identify the 

microorganisms which cause blood stream infections and the importance of blood 

culture examination in septic patients that helps in treating and decreasing the 

morbidity & mortality. The prevalence of the most common viral infection 

(Herpes Simplex Virus) is also studied.  

 



Aims & Objectives 
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AIM & OBJECTIVES OF THE STUDY 

AIM 

 The aim of this study is to identify the microbial profile of blood stream 

infections in hematological malignancy patients and to determine the prevalence 

of Herpes Simplex Virus infection among them.   

 
OBJECTIVES 

1. To isolate and identify aerobic bacteria causing blood stream infections in 

hematological malignancy patients.   

2. To isolate and identify fungi causing blood stream infections in the study 

group. 

3.  To determine the antimicrobial susceptibility pattern of the isolated 

organisms.   

4.  To determine the prevalence of Herpes Simplex Virus (HSV 1/2) among 

the study population.  

  



Review of Literature 
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REVIEW OF LITERATURE 

Historical view of Hematological malignancies and infections  

 Jean Klastersky has described infections and fever, about 100 years ago as 

a consequence of neutropenia more common in acute leukemia and 

agranulocytosis. [7] 

 

 Hughes et al were the first to research in 1960 on febrile neutropenia and 

reported Pseudomonas aeruginosa and Serratia marcescens as challenges in 

oncologic treatment. [15] Bacteremia with P. aeruginosa had 90% mortality in 

spite of the active invitro sensitivity at that time. [7, 16]   

 
 The term “empiric antibiotic therapy” was used by Schimpff et al for the 

first time in 1971 on febrile patients with granulocytopenia. [17]   They authored 

the concept that as soon as neutropenic patients became febrile, antibiotics active 

against Gram-negative bacilli covering P. aeruginosa should be given 

empirically. [18,19].   In the International Antimicrobial Therapy Cooperative Group 

from the European Organization for Research and Treatment of Cancer (EORTC) 

trials, attention was focused to patients with positive culture findings and risk 

factors of patients with neutropenia were evaluated.[20] 

 

 In 1960s, Gram-negative bacteremia during period of chemotherapy for 

Acute Myeloid Leukemia was recognized as the most frequent causative agent for 

BSI. [4] During the next two decades, it shifted to Gram-positive cocci like 

Coagulase Negative Staphylococci (CoNS) and Streptococci viridans. [11,12] The 
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shift in the organisms were due to chemotherapy, prolonged neutropenia,  

prophylactic antibiotics and increased usage of central venous catheters.  

 
Hematological malignancies and incidence of bacteremia  

 Bacteremia is considered as a major risk factor for mortality in patients 

with hematological malignancies. [17, 18]  

 
The global increase of resistant bacteria has great impact on the selection 

of an effective antibiotic treatment. [19] In many centers, Enterobacteriaceae show 

reduced susceptibility to cephalosporins, and frequent detection of carbapenem-

resistant GN bacilli have led to the use of combination of more toxic drugs such 

as polymixins. [20] 

 
 Also, because of prolonged hospitalization and more expensive antibiotic 

therapy in cases of infection with resistant bacteria, healthcare costs have become 

a major burden to these patients. [21] Fluconazole prophylaxis has shown 

significant reduction in infections caused by Candida species. [22] 

 
Focus of bacteremia  

 The focus of bacteremia (the organ infected when bacteremia is clinically 

apparent) can be identified based on the clinical presentation, by imaging 

techniques and microbiological positivity of relevant samples. [22, 23] As these 

patients have impaired inflammatory response, signs of localized infections like 

purulence, fluctuation, or infiltrates in lung may not be evident. Thus the focus of 

bacteremia remains unknown. In patients with community-acquired bacteremia, 
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there has been an increase in mortality associated with a failure to determine the 

source of infection.  [23]  

 
 During that time, Pittet et al studied that pneumonia (presence of acute 

respiratory disease with pulmonary infiltrate) when identified as the source of 

infection resulted in higher mortality in nosocomial BSI. [23] Gonzales-Barca et al 

similarly found that bacteremia secondary to pneumonia showed increased 

mortality among patients with neutropenia. [24] 

 
Origin of bacteremia  

 The Center for Disease Control and Prevention (CDC) surveillance 

includes only nosocomial infections in the definition of bacteremia. [25] 

Community-acquired Infections are those that are not acquired in hospital. 

Hematological malignancy patients are often treated on outpatient basis. Thus, 

“health-care related infections” would be more appropriate for hospitalized 

patients and for those with frequent contact to hospitals. [4]   

 
Neutropenia in Hematological Malignancies 

 In a normal individual, neutrophils make up nearly 90% of the circulating 

granulocytes. It is the primary defense of our body against infections. [20] 

Neutropenia is defined as an abnormally low number of neutrophils and is 

expressed as absolute neutrophil count (ANC) x 109 /L of blood. [21] 
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 Bodey et al in his study with newly diagnosed acute leukemia patients, 

found that with an increase in the levels of neutrophils, there was a decrease in the 

incidence of infectious episodes.  [15] 

 
 The highest mortality was seen in patients with persistent and severe 

granulocytopenia. During neutropenia induced by chemotherapy, the mortality 

rate of BSI was 15% [12]    

 
DEFINITION  

 BLOODSTREAM INFECTION (BSI): A laboratory confirmed positive 

blood culture with symptoms of infection.   [2,3,12] 

 
FEVER  

 Fever is defined as a single oral (or tympanic) temperature of >38.3°C or 

temperature of ≥38.0°C sustained for 1 hour. Fever associated with 

chemotherapy-induced neutropenia affects approximately 80% of patients with 

hematological malignancy. [7]     

 
NEUTROPENIA 

 Neutropenia is defined as ANC of <0.5x109/L, or a count expected to 

decrease to <0.5x109/L over the next 48 hours. Increased susceptibility to 

infections is expected when ANC decreased to less than 1x109/L.  

 
 SEPSIS A documented or suspected infection plus some of the following 

criteria: 
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 General  parameters: Fever (core temperature > 38.3C, hypothermia (core 

temperature < 36C), Heart rate > 90 or > 2SD the normal value for age, 

Tachypnea > 30, Altered mental status, Significant edema or positive fluid 

balance, Hyperglycemia (plasma glucose > 110 mg/dl) in the absence of diabetes. 

Inflammatory parameters: Leukocytosis (WBC > 12000 cell/mL), Leukopenia 

(WBC < 4000 cell/mL), Normal WBC with > 10% of immature forms, CRP or 

PCT > 2 SD above the normal value. 

 
 Hemodynamic parameters: Arterial hypotension (systolic blood pressure < 

90 mmHg, mean arterial pressure < 70 mmHg, Systolic blood pressure decrease > 

40 mmHg or < 2SD below normal for age, Mixed venous oxygenation > 70%, 

Cardiac index > 3.5 L/min, 

 
 Organ dysfunction parameters: Arterial hypoxemia (PaO2/FiO2 < 300), 

Acute oliguria (output < 0.5 ml/kg), Creatinine increase > 0.5 mg/dL, Coagulation 

abnormalities (international normalized ratio > 1.5, Activated partial 

thromboplastin time > 60 s), Ileus, Thrombocytopenia (< 100,000/mL), 

Hyperbilirubinemia (plasma total bilirubin > 4 mg/dL or 70 mmol/L)  

 
 Tissue perfusion parameters: Hyperlactatemia (> 3 mmol/L), Decreased 

capillary filling or mottling. 

 
 SEVERE MUCOSITIS is the presence of multiple ulcerations seen in > 

25% of the oral mucosa.  It is frequently seen in neutropenic patients without any 

source of infection.  
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UNKNOWN SOURCE is defined when no source of infection is identified.  

 
EMPIRICAL ANTIBIOTIC THERAPY Antibiotic treatment administered in 

patients with suspicion of infection before the microbiology results are available, 

with the knowledge of epidemiology of the locally prevalent bacteria.    

 
PROPHYLACTIC ANTIFUNGAL TREATMENT when a systemic antifungal 

agent was administered for a period of atleast three days prior to the onset of BSI.  

 
MULTIDRUG-RESISTANT GRAM NEGATIVE BACTERIA:  Bacteria that 

show resistance to atleast three of the following antimicrobial groups: 

aminoglycoside, fluoroquinolone, antipseudomonal penicillin, cephalosporin and 

carbapenem.  

 
 Overall case-fatality rate is defined as death by any cause within the first 30 

days of onset of BSI. 

 
TYPES OF BLOOD STREAM INFECTIONS: [3,26] 

Bacteremia can be transient, intermittent or continuous   

1. TRANSIENT BACTEREMIA:   

 This occurs when organisms (normal flora) are introduced into the blood 

stream, by minimal trauma to membranes (eg medical procedures, brushing teeth, 

or during strained bowel movements)     
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2. INTERMITTENT BACTEREMIA:  

 This occurs when bacteria from an infected site are periodically released 

into the blood. (Abscess, colitis, infection of body cavities). Fever is the 

presenting symptom in most of the patients with intermittent or continuous 

bacteremia.  

 
3. CONTINUOUS BACTEREMIA:  

 This occurs when infection is intravascular like infected endothelial surface 

(endocarditis or aneurysms), infected devices (AV fistulas, indwelling cannulas, 

intra-arterial catheters) [26]       

 
Bacteremia can be primary or secondary  

1. PRIMARY BSI: BSI is called primary if the point of entry of infection or focus 

cannot be determined or if it arises from an intravascular catheter [catheter related 

BSI (CRBSI)].  

 
2. SECONDARY BSI:  BSI is called secondary if any distant site other than an 

intravenous catheter is established as the portal of entry or origin. [27,28]     

 
The major classification of blood stream infection are [28] 

1. INTRAVASCULAR INFECTION: Infection that originates within 

cardiovascular system contributes to intravascular infection. It includes infective 

endocarditis, mycotic aneurysm, catheter related bacteremia and suppurative 

thrombophlebitis. These infections are life threatening and leads to serious illness.  
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2. EXTRAVASCULAR INFECTION: Here, the bacteria invades the circulation 

through the lymphatic system. Most cases of clinically significant BSI are due to 

extravascular infection.   

 
 The most common routes of extravascular infection are genitourinary tract 

(25%), respiratory tract (20%), abscesses (10%), surgical wound infection (5%), 

biliary tract (5%) and other unknown sites (25%). In one third of bacteremia, the 

source of infection is not identified. Organisms causing BSI through extravascular 

sites are members of the family Enterobacteriaceae, Streptococcus pneumoniae, 

Staphylococcus aureus, anaerobic cocci, Neisseria gonorrhoeae, and Clostridium 

spp., Bacteroides spp., Beta hemolytic Streptococcus spp., and Pseudomonas 

spp.,[27]    

 
 A BSI caused by CoNS is considered as significant when growth is seen in 

atleast two blood cultures or in one blood culture and one from the other site. In 

case of potential skin contaminants such as Corynebacterium species (except C. 

diphtheriae), Bacillus species (except B. anthracis) and Micrococcus, at least two 

positive consecutive blood cultures drawn at different times are required. [27,28]     

 
 Breakthrough bacteremia occurs in patients with positive blood culture 

despite being on appropriate antibiotics. The pathogenesis is not completely 

known. In a retrospective study by Lopez-Dupla in 6,324 bacteremia episodes, 

breakthrough episodes were noted in 329(6.1%) episodes. The most frequent 

cause was invasive central devices. CoNS, S. aureus and Pseudomonas 

aeruginosa were the commonly isolated organisms. [29]     
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RISK FACTORS:  

 The risk factors & underlying conditions of BSI are immunosuppression 

due to malignancy, chemotherapeutic drugs, and irrational use of antibiotics that 

leads to emergence of resistance to drugs, invasive procedures that allow 

microorganisms to enter the blood, surgical procedures and underlying organ 

failure. [30]    

 
MUCOSITIS  

 The damage of mucosal barrier results from chemotherapy or radiotherapy 

and is pronounced more in the small intestine. The release of inflammatory 

cytokines and enzymes causes apoptosis and tissue injury. Mucosal barrier injury 

or ulcers allow translocation of bacteria that increases the incidence of bacteremia. 

Mucositis and prophylaxis with trimethoprim-sulfamethoxazole or 

flouroquinolone are important risk factors for BSI with streptococcal viridans 

group. Mucositis is now considered responsible for a high rate of bacteremia than 

prolonged neutropenia. [31] 

 
CLINICAL FEATURES:  

 The clinical presentation ranges from mild symptoms occurring from 

transient bacteremia to fulminant sepsis leading to septic shock, DIC, high 

mortality and life threatening complications. [30] Bryan in his study emphasized 

that patients with positive blood culture are 12 times more at risk for mortality 

during hospitalization than those with negative blood cultures. [32]    
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SPECTRUM OF MICROBIAL PATHOGENS IN BSI IN 

HEMATOLOGICAL MALIGNANCY:  

 In a study done by Pittet et al and Valles et al, Gram negative bacteria 

caused 50-60% and Gram positive bacteria caused 20-30% of BSI. [25] Candida 

spp., contributed to 6-10% of episodes. The most common organisms reported in 

BSI are Coagulase negative staphylococci, Staphylococcus aureus, Enterococcus 

spp., Escherichia spp, Klebsiella spp., Pseudomonas spp, Enterobacter spp., and 

Acinetobacter spp.  

 
 The spectrum of infections caused by bacteria have shown periodic 

changes. Earlier in 1960-70’s Gram negative bacteria was prevalent. Then, Gram-

positive cocci had largely replaced Gram-negative bacilli as the frequently 

isolated pathogens in BSI in western countries. [33]  

 
 Factors associated with this shift to Gram-positive organisms are oral 

mucositis due to chemotherapeutic drugs, prolonged neutropenia, prophylaxis 

with trimethoprim–sulfamethoxazole and fluoroquinolone and increased usage of 

central venous catheters. [19,34] 

 
 After 2000, Gram negative bacteria was again more commonly reported 

causing BSI in many centers. Similar reviews on neutropenic patients with BSI, 

Gram negative bacilli (25% to 74%, mean 49%) were common. Escherichia coli 

was the most frequent pathogen isolated from blood. Pseudomonas and 

Acinetobacter spp caused 43% of all sepsis episodes.  [35] 
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STAPHYLOCOCCUS AUREUS:  

 S. aureus BSI is reported to originate most commonly from indwelling 

catheters and from skin and soft tissue infections.  It is reported in 20–30% 

nosocomial BSI among general population and 11% BSI among cancer patients. 

Bacteremia with S. aureus causes serious metastatic complications like infective 

endocarditis, deep infection (splenic abscess), septic phlebitis, epidural abscess 

and septic arthritis. [34] In a retrospective study with S. aureus bacteremia, renal 

failure showed significant increase in complications in the patients with 

hematologic malignancy.  

 
 MRSA BSI is most commonly seen in Hospital acquired infections. 

Excessive vancomycin usage has led to the emergence of vancomycin resistance 

among MRSA. This includes heteroresistant S. aureus hGISA, hVISA MIC 0.5–2 

µg/mL, Glycopeptide/Vancomycin Intermediate susceptible S. aureus (GISA, 

VISA; MIC 4–8µg/mL), and Vancomycin Resistant S. aureus (VRSA; MIC 16 

µg/mL) [30]  

 
COAGULASE NEGATIVE STAPHYLOCOCCI (CoNS)  

 BSI due to CoNS is mostly nosocomial, but 8-10% are community acquired 

(Diekema et al).  S.epidermidis is the most common isolate among CoNS. Other 

organisms occurring in BSI are S.hemolyticus, S.capitis, S.schleiferi, S.warneri, 

S.saprophyticus and S.lugdunensis. [27,34] Most of the bacteremia caused by CoNS 

are associated with catheter-related infection, due to colonization of the catheter 

hub during manipulation.  Thus a blood culture showing CoNS can either imply 
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skin contamination or true bacteremia. Therefore a single positive blood culture 

for CoNS in cases without catheter may represent contamination.   

 
STREPTOCOCCI  

 Streptococci (Streptococci viridans, Streptococcus pneumoniae) causes 

upto 8% BSI in patients with hematological malignancy. Beta-hemolytic 

streptococci (group A and group B streptococci) are also reported in blood. In the 

setting of febrile neutropenia, even a single blood culture of viridans streptococci 

is considered true pathogen, whereas in general population it may represent 

contamination. There is an increased mortality rate of 6-12% due to bacteremia 

with S. viridans in patients with hematologic malignancies. [42] 

 
ENTEROCOCCUS SPP:  

 They commonly cause bacteremia, urinary tract infection, biliary tract 

infection, and vascular-catheter infection in patients with hematological 

malignancy. Enterococcus spp., (E. faecalis, E. faecium, E. avium, and E. durans) 

are the normal commensals of the GIT and is the third most common cause of 

BSI. [4,34]. Enterococcus spp causes mortality rate in patients with hematologic 

malignancies range from 19% - 47%. [33,42] Studies of enterococcal bacteremia in 

the setting of neutropenia in those with hematologic malignancy showed E. 

faecalis (53%) and E. faecium (40%) were more common. [36]. Vancomycin 

resistant Enterococci are more in the rise as a major reason for healthcare 

associated mortality. [37] 
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Listeria monocytogenes  

Meningoencephalitis and bacteremia are common in immunosuppressed patients. 

[38] 

Diphtheroids 

Corynebacterium jeikeium has been isolated commonly in acutely ill patients from 

the hematological malignancy patients. It causes septicemia, skin infections, 

wounds, rashes in neutropenic and patients with AIDS. Bacteremia due to 

Corynebacterium has a higher mortality rate as it is often resistant to the common 

antibiotics in use. [27,38] 

 
OTHER GRAM POSITIVE ORGANISMS:  

 Stomatococcus mucilaginosus, Bacillus spp., Lactobacilli. Leuconostoc, 

Pediococcus and Rhodococcus equi.  

 
GRAM NEGATIVE ORGANISMS:  

ENTEROBACTERIACEAE:  

 E.coli and Klebsiella pneumoniae are the commonly involved organisms in 

both community acquired and nosocomial acquired bacteremia.  [27,39] 

 
ESCHERICHIA COLI  

E. coli is the commonest cause of Gram negative bacteremia reported in 13–27% 

of bacteremia in patients with acute leukemia or lymphoma. E.coli has shown 

resistance to ampicillin, cefotaxime, gentamicin and fluoroquinolones. Mortality 

due BSI by E. coli is 17–35%. [35,39] 
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KLEBSIELLA SPECIES 

 Klebsiella species were the second commonly isolated Gram-negative 

bacteria (6.4%) [1]. ESBL-producing Klebsiella pneumoniae is reported to be more 

multidrug resistant because of the acquisition of plasmid mediated determinant of 

resistance. Colistin is the preferred treatment for carbapenemase producing K. 

pneumoniae [39].  

 
ENTEROBACTER SPECIES  

 Enterobacter spp are frequently reported among nosocomial infections and 

seen in nearly 3% of bacteremia in malignancy patients. [4] It is reported more in 

previous exposure to broad spectrum antibiotics and prolonged ICU stay.  

 
PSEUDOMONAS AERUGINOSA:  

 The National Nosocomial Survey among patients with hematological 

malignancies has reported increase in Pseudomonas spp in bacteremia (35%), 

pneumonia (38%), and urinary tract infections. [41] 

 
 Ceftazidime has been in use since 1980, in successful treatment of 

bacteremias in --neutropenic patients.  Subsequent studies have reported good 

outcomes in monotherapy with antipseudomonal agent - cefepime, piperacillin-

tazobactam and imipenem. [42]  

 
 Treatment with antipseudomonal betalactam plus an aminoglycoside is 

preferred in patients at risk for infection with MDR bacteria for a duration of 

minimum 14 days. [41,45] 
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ACINETOBACTER SPECIES  

  Acinetobacter spp is frequently associated with poorer outcome in cases of 

central venous catheter-related bacteremia, wound infection, pneumonia and UTI. 

[44] Multidrug resistance is commonly seen in upto four classes of antibiotics 

(30%) with amikacin and imipenem being the most susceptible drugs. [45] 

 
DRUG RESISTANCE IN GRAM NEGATIVE BACTERIA 

 Enterobacteriaceae producing Extended Spectrum Β Lactamase (ESBL) 

have increased in frequency among the neutropenic cancer patients. ESBL 

producing K. pneumoniae has been reported in about 50% and E. coli between 11- 

40% in various studies.  

 
 There is a global rise in carbapenem-resistant gram-negative bacteria 

among Klebsiella spp, E. coli, Pseudomonas spp and Acinetobacter spp. [43]  

 
FUNGI 

 The epidemiology of invasive fungal infections (IFIs) has shown 

substantial changes over the years and vulnerability to fungal infections is 

associated with the underlying disease factors. [47] The presence of neutropenia in 

AML patients, use of steroids, high dose chemotherapy and invasive medical 

devices and comorbidities increase the risk for fungal infection. [48] Among IFIs 

by yeasts, Candida albicans is the most common pathogen, a rise in non-albicans 

Candida species. (C. tropicalis, C. krusei, C. glabrata, C. guilliermondii and C. 

parapsilosis). [3,27,49] 
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 Aspergillus spp, opportunistic fungi like Fusarium spp., and Zygomycetes 

causes significant complications in these patients.  The real incidence of IFI often 

is underestimated as diagnosis remains difficult.  

 
 The incidence of invasive aspergillosis is 40% among hematological 

malignancy patients with mortality rate between 40% -90%. [49,51] 

 
  Persistent fungemia is defined as persistence of positive blood cultures for 

>2 days from the time of detection of first positive blood culture. 

 
 According to IDSA 2008 guidelines, antifungal prophylaxis with 

Fluconazole (400 mg daily until rise in neutrophil count) is preferred. In case of 

persistent fever that is unresponsive to empiric broad spectrum antibiotic therapy 

(at least 96 h), intravenous Caspofungin or Lipid Formulation of Amphotericin B 

is given. [50] 

 
 Blood cultures remain an important diagnostic tool for disseminated fungal 

infections. Lysis centrifugation system is used now days to detect filamentous 

fungi causing sepsis.  [51] 

 
LABORATORY DIAGNOSIS OF BLOOD STREAM INFECTIONS   

 Blood cultures are the most important diagnostic tool in isolating causative 

organisms in BSI. The growth of bacteria can be detected using manual 

techniques and automated methods.  Once growth is isolated, the organism is 

identified and antimicrobial susceptibility to different drugs are tested.  
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Laboratory conformed BSI (not central line related) is when one positive blood 

culture with a recognized pathogen from a venipuncture; skin commensals- 2 or 

more blood cultures drawn on separate occasions positive for the same organisms 

with clinical symptoms.  [51,52] 

 
SPECIMEN COLLECTION & TRANSPORT:  

SITE OF COLLECTION:  

 In the immunocompromised patients, since there is an increased incidence 

of bacteremia from commensals of skin flora like CoNS, Corynebacterium and 

Bacillus spp, strict asepsis should be vigilantly followed while collecting blood 

for culture.  Blood is collected from peripheral vein (cubital vein). Contamination 

is more in femoral vein and arterial blood are of no use in recovering pathogens 

(Tenney et al, Vaisanen et al.). The rate of contamination is higher from IV 

catheter blood samples since colonizers present in catheter gives false positive 

results and is collected only when there is suspicion for catheter related blood 

stream infection (CRBSI) is considered. [53,54] 

 
ASEPTIC PRECAUTION FOR COLLECTION OF BLOOD:  

 The vein to be drawn is disinfected. The skin is cleansed using 70% 

isopropyl alcohol and allowed to dry. 2% tincture of iodine is applied starting in 

the center in concentric circles saturating the entire area with iodine and is 

allowed to dry for atleast 1 min  [52,53] 

 

  



21 
 

TIME OF COLLECTION  

 Blood should be collected during febrile episodes or as soon as after the 

onset of fever and chills. It is also essential to collect blood samples before 

starting antibiotic therapy or end of a dosing interval. [54] 

 
NUMBER OF BLOOD CULTURES   

 The rate of detection increases with the number of blood cultures .The first 

blood culture should be obtained and inoculated into two different media at the 

same time. The second set of culture should be obtained in the same way & this 

increases the sensitivity rate to 99%. [52,55] There is no current recommendation for 

ideal time difference between two blood cultures. In cases of life-threatening 

septicemia, two blood cultures collected by separate venipuncture before starting 

treatment is recommended. [54] 

 
CULTURE MEDIA:  

 The media used for blood culture should be enriched nutritionally such as 

Tryptic Soy, Brain Heart Infusion, Columbia Agar and Brucella broths. The 

commercially available media contains the anticoagulant Sodium polyanethol 

sulfonate 0.025% to 0.05% concentration (SPS, Liquoid) [52,56] Bacteria cannot 

survive well in the clot and so anticoagulants are used. SPS inactivates neutrophils 

&inhibit antibiotics including Streptomycin, Kanamycin, Gentamycin, and 

Polymyxin. Antimicrobial agents normally present in human blood are neutralized 

by adding adsorbents such as resins, activated charcoal and fuller’s earth 

(Peterson et al 1983).[56] 
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TRANSPORT  

 Rapid transportation of blood cultures and immediate processing in the 

laboratory is done for maximum recovery of pathogens. Refrigeration of blood 

cultures are not recommended. 

 
SAMPLE PROCESSING  

 Blood sample is then subjected to incubation, gram staining and 

subcultures. There are manual and automated blood culture systems available for 

processing.   

 
 Culture bottles are incubated for 5–7 days. In manual systems, the blood 

culture bottles are examined 2-3/times a day for the first 2 days and daily 

thereafter for 1 week. Blind subcultures on days 2 and 7 may be necessary.  [56,57] 

 
 Positive growth in culture plates are then stained with Gram stain to 

differentiate 

 
 Gram-positive and negative organisms. After Gram stain, growth in culture 

are processed for biochemical characteristics and susceptibility testing.  

 
The Oxoid Signal System:  

 The Oxoid (Ogelensburg) signal system is a single bottle blood culture 

system where the bacterial growth is determined by the production of CO2.The 

blood culture bottle is connected to a second  plastic chamber, called signal  

chamber  fitted  at  the  bottom  with  a  long  needle.  Bacterial growth and 

metabolism produces CO2. [52,58] 
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BBL Septi -Check Blood Culture System:  

 The  Septi-Chek  biphasic  agar  slide system (BD  Diagnostic system, 

sparks, MD) uses  blood  culture  bottle  containing  brain heart infusion broth  or 

trypticase Soy broth. The slide contains paddle with agar surface. After 

inoculation, the plastic contained slide  is  screwed  on .The agar  surface  is  

flooded with  the  broth  for  few  minutes  and  then  again placed  upright  for  

continuous  incubation. The bottle  is  inverted  at  regular  intervals  and sub 

cultured after incubating  at  37⁰C  for 4 -6hrs. [52,58] 

 

LYSIS CENTRIFUGATION BLOOD CULTURE SYSTEM:   

 The  isolator  microbial  system (Wampole laboratories,  Princeton,NJ)  is a 

special  tube  contains  Saponin, a chemical  which  lyse  the white and red  blood  

cells, Propylene glycol to decrease foaming, SPS as an anticoagulant,  EDTA  to 

chelate calcium and  a  small  amount   of Fluorochrome.  This  is  an  alternative  

blood culture method  used  for  recovery  of  fastidious  (or)  slow  growing  

organisms    (Bartonella henselae), Filamentous molds, dimorphic fungi, 

Malassezia furfur and Legionella spp. Increased rate of  contamination  is  the  

major  problem  with  isolator  system  and  it  can  be  decreased  by  using  dry  

agar  plates,  proper  disinfection  of  work  area  and  sample  processing  in  a  

Laminar  hood. [59] 

 
EXAMINATION OF MANUAL SYSTEMS:  

 Blood culture bottles are incubated at 37 ⁰C for 16 to 18 hrs and examined 

for hemolysis, production of gas, or turbidity. Blind subcultures are made after 24 
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hrs of incubation and microscopic examination should be performed. For 

microscopic examination Gram stain or Acridine orange stains are used. Acridine 

orange stains detect 104 CFU/ml whereas Gram stain detects 105 CFU/ml. Tierney 

et al reported 16.8 percent increase in the detection of bacteremia using acridine 

orange stain while the broth is macroscopically negative. [58,59] 

 
AUTOMATED AND COMPUTERIZED BLOOD CULTURE SYSTEMS [52,58] 

 The first automated system was BACTEC 460 (Becton Dickinson), was 

introduced in the 1970s. The results are rapid and obtained within a day. After 

positive culture is obtained, bottles are removed for gram stain and sub culture.  

 
BACT/ALERT MICROBIAL DETECTION SYSTEM:  

 This system contains CO2 sensitive chemical sensor separated by 

unidirectional CO2 permeable membrane which is bonded to the bottom of every 

bottle. The growth of microorganisms in the blood broth produces CO2, which 

makes the color sensor to turn from green to yellow.  

 
THE BACTEC BLOOD CULTURE SYSTEM 

 This system is similar to BACT/Alert but the only difference is the use of 

fluorescent, rather than spectral light for detecting change in CO2 concentration.  

 
THE TREK ESP CULTURE SYSTEM  

 The ESP blood culture system (TREK diagnostic system, Cleveland) is 

different from the above two systems by   

1. The CO2 production, monitored manometrically.   
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2. Monitoring both gas consumption and production.   

3. In addition to CO2 production H2 and O2 concentration changes are also 

monitored (testing multiple gas production). 

 
ANTIMICROBIAL SUSCEPTIBILITY TESTING: [59] 

 After identification of the causative organisms the management of BSI 

includes early and appropriate treatment by antimicrobial therapy.  

 
ANTIBACTERIAL SUSCEPTIBILITY TESTING:  

 Antibiotic sensitivity testing was done by Kirby Bauer disc diffusion 

method, using 0.5 McFarland’s turbidity on Mueller Hinton agar plates. 

Commercially available Hi-media antibiotic discs are used.  

 
ANTIFUNGAL SUSCEPTIBILITY TESTING:  

 It is performed on Mueller Hinton agar plate supplemented with 0.5 µg/ml 

methylene blue and 2% glucose. Commercially available Himedia antifungal discs 

are used.  

 
EMPIRICAL ANTIMICROBIAL THERAPY 

 The administration of empirical antibiotics have shown to reduce mortality 

rate among hematological malignancy patients from 84% (1965) to 44% (1972). 

The mortality rate secondary to infection among febrile neutropenic patients 

dropped to <10% (2013).  This dramatic improvement was attributed to early 

intervention with appropriate antibiotic therapy. [60] 
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 In afebrile severely neutropenic patients (e.g., patients receiving high-dose 

chemotherapy for leukemia or lymphoma) use of antibiotics given as prophylactic 

therapy at the start of neutropenia and subsequent empirical therapy targeting the 

likely organisms. [61] 

 
 The following different antibacterial approaches have been applied for 

inpatient treatment:  

 
1) Combination of penicillin and an aminoglycoside 

2) Monotherapy with 3rd and 4th generation cephalosporin 

3) Combination of 3rd and 4th generation cephalosporin plus aminoglycoside 

4) Triple combination therapy – aminoglycoside, 3rd and 4th generation 

cephalosporin and glycopeptide.  

 
 Indian Guidelines on febrile neutropenia recommend intravenous dual 

therapy – aminoglycoside with antipseudomonal penicillin with or without beta-

lactamase inhibitor or extended spectrum cephalosporin.  

 
 Vancomycin is not administered as empiric initial therapy for febrile 

neutropenia as there is risk of emergence of resistant organisms. It is preferred 

where there is no remission of fever in 48 hours, catheter-related serious infection, 

there is mucosal damage with high-risk for infection by viridans streptococci, 

blood culture showing Gram-positive bacterium prior to final identification. [62,63] 

Linezolid or teicoplanin is preferred for patients harboring VRE.  
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  Several clinical scores are used by clinicians such as Multinational 

Association for Supportive Care in Cancer (MASCC) risk index to evaluate the 

risk for complications and decide if hospital admission or outpatient management 

is necessary.   

 
 Empirical antifungal treatment is given for those with persistent or 

recurrent fever after 4-7 days of antibiotics and or whose overall duration of 

neutropenia is expected to be more than 7 days. [66] 

 

Table 2. Treatment algorithm in hematological malignancies in neutropenic 

patients 

 

 

  

Patient afebrile 
for more than 24 

hrs

High risk at 
presentation 

PUO

Continue IV 
antibiotics until 

48 hrs after fever 
defervescence

Clinically or 
microbiologically 

documented

Neutropenia

Continue  IV 
antibiotic for 5-7 

days

Neutropenia 
resolved

Continue IV 
antibiotic for 2 

days

Low risk at 
presentation 

Consider 
outpatient 

treatment with 
oral anitbiotics
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VIRAL INFECTIONS IN HEMATOLOGICAL MALIGNANCY PATIENTS 

 Herpes Simplex Virus (HSV) infections are almost exclusively reactivation 

infections in patients with hematological malignancy.  They are commonly seen in 

patients with acute leukemia, stem cell transplant recipients (90%) and CLL 

(15%)  [67] 

 
 The Herpesviruses are large, enveloped double-stranded DNA viruses that 

produce a lifelong infection within the host. Their ability to establish latency 

makes them more common in hematology malignancy or patients with 

hematopoietic stem cell transplantation (HSCT). [68]   Reactivation of latent 

infection leads to invasive disease and complications that are immune mediated. 

 

 PROPERTIES OF THE VIRUS:  HSV belongs to the alpha subfamily of 

herpes viridae. There are two distinct HSV, types HSV-1 and HSV-2. The two 

viruses are known to cross-react serologically. HSV-1 is spread by contact more 

involving infected saliva. HSV-2 is transmitted sexually or transmitted from 

maternal genital infection to a newborn. There are eight viral glycoproteins in the 

gene products. Glycoprotein G is type specific and is used for antigenic 

discrimination between HSV-1 (gG-1) and HSV-2 (gG-2). [68] 

 
PRIMARY INFECTION: Herpes Simplex Viruses, type 1 and 2 (HSV-1 

and HSV-2), are transmitted via mucocutaneous contact involving the oral 

mucosa, genitalia, ocular epithelium, anal mucosa, respiratory tract and 

bloodstream. Clinically, they are indistinguishable. Primary HSV infections are 

milder and asymptomatic. Immunocompromised hosts are not able to limit the 
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viral replication, hence viremia ensues to further widespread organ involvement. 

[69] 

 
 LATENT INFECTION: HSV resides in the nonreplicating state inside the 

infected ganglia and only a few viral genes are expressed. The virus can get 

reactivated from its latency in ganglia by provocative stimuli like axonal injury, 

fever, physical or emotional stress or exposure to ultraviolet light. It follows the 

axons to peripheral site and replicates at the skin or mucous membranes. 

Spontaneous reactivations can occur and recurrent HSV-1 infection is common. 

[70] 

 
 DIAGNOSIS: Polymerase chain reaction (PCR) assay is sensitive and 

specific in detecting HSV.  Amplification of viral DNA by PCR from CSF is the 

standard test for specific diagnosis of CNS infection by HSV. 

 
 Isolation of the virus is the definitive diagnostic test. HSV can be isolated 

from herpetic lesions, throat swab, CSF and stool.   

 
 Cytopathology – It is a rapid method, scrapings are obtained from vesicular 

base and is stained with Giemsa and screened for the presence of multinucleated 

giant cells. 

 
 Serology- Antibodies starts appearing 4–7 days after infection and peaks in 

2–4 weeks. The detection methods available are Neutralization, 

Immunofluorescence, and ELISA. The use of HSV type-specific antibody is a 

more meaningful serologic test. [69,70] 
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 TREATMENT with nucleoside analogues (Acyclovir/Ganocylcovir) which 

inhibits the synthesis of HSV viral DNA is given for patients with active HSV 

infection. [69] Intravenous therapy is administered for progressive infection in 

immunocompromised hosts. [71] 

 
 PROGNOSIS: Even minor herpes labialis have the potential to spread 

rapidly to other parts (pharynx, esophagus) and via the bloodstream to several 

organs and cutaneous dermatomes. Patients with hematologic malignancies are 

reported to have higher shedding of HSV in saliva.  They have increased risk for 

reactivation and progressive dissemination of HSV.  Seropositive individuals have 

65–90% reactivation rate.  [69,70]  

 

 Prophylaxis with oral acyclovir has associated with reduction of all 

microbiologically documented infections. The prevention of HSV reactivation in 

acute leukemia may reduce the occurrence of other infections. [71] 

 

 

  



Materials & Methods 
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MATERIALS AND METHODS 

 
ETHICAL CONSIDERATION 

 Approval from the Institutional Ethics committee was obtained before 

commencement of the study.  

 
STUDY DESIGN        

 Cross sectional study 

 
STUDY PERIOD 

 Period of study was from October 2015 to August 2016 

 
SAMPLE SIZE 

 100 patients 

 
STATISTICAL ANALYSIS:  

 Statistical analysis was done by Statistical Package for Social Science 

(SPSS) and Epi-Info software by a statistician. The proportional data of this cross 

sectional study were tested using Pearson’s chi square analysis test and Binomial 

proportion test.  

 
STUDY GROUP:  

 Patients attending the out-patient clinic and those admitted in Hematology 

ward of RGGGH, Chennai 

  



32 
 

STUDY SETTING 

 The present study was carried out at the Institute of Microbiology, Madras 

Medical College, in association with Department of Haematology, Rajiv Gandhi 

Government General Hospital. 

 
INCLUSION CRITERIA 

Patients above 18 years of age are included in the study. 

Patients with haematological malignancy receiving induction or 

consolidation chemotherapy presenting with fever.  

 
EXCLUSION CRITERIA 

 Patients below 18 years of age. 

 
CASE DEFINITION:  

BACTEREMIA:   

 BSI was diagnosed when a blood culture grew an organism with 

(secondary BSI) or without (primary BSI) any obvious focus of sepsis – True 

bacteremia was considered when one or more blood cultures showed a recognized 

pathogen.   

 
 The source of BSI was identified by the isolation of same organism from 

both the source and the blood. [1,2] 
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SAMPLE COLLECTION AND PROCESSING:  

Collection:   

 Blood is obtained using aseptic technique for culture. The vein to be drawn 

is chosen by touching the skin before it has been disinfected after wearing gloves. 

 
 Using 70% alcohol, the skin is cleansed in a circle approximately 5 cm in 

diameter, rubbing vigorously and air dried. Starting from the center of the circle, 

2% tincture of iodine or 2% chlorhexidine (or povidone-iodine) is applied in 

widening circles saturating the entire circle with iodine. The iodine is allowed to 

dry on the skin for at least 1 minute. Blood is drawn by inserting the needle into 

the vein.  It is advised not to change the needle before injecting the blood into the 

culture bottle. [52,54,56] 

 
PROCESSING:  

 For the purpose of culture, 10ml of blood was collected and 5-8ml of the 

sample was inoculated into 30 ml BHI (Brain heart infusion) media (to get 

dilution of 1:5). 2 ml of blood is allowed to clot, centrifuged and sera separated 

will be stored in aliquots for serology investigations. Additional blood sample was 

obtained in the same way on a different occasion within 48 hours and inoculated 

into another BHI media for culture. [56,57] 

 
 Blood culture bottles were incubated at 37˚C for 24 hrs. Subcultures were 

done at the appearance of turbidity, gas production or the presence of 

microcolonies over the clot at 24 hours, blind subcultures irrespective of turbidity 
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or gas production is done at 48 hours and 96 hours and final subculture were done 

at the end of 7th day, as follows:  

 
a. On 5% Sheep Blood agar aerobically   

b. On MacConkey agar aerobically, incubated at 37˚C for 24 hrs.  

c. Two Sabouraud’s dextrose agar tubes incubated at 25˚C & 37˚C.   

 All sera samples will be tested for HSV IgG and IgM separately by ELISA 

method and PCR accordingly.  

 
INTERPRETATION OF BLOOD CULTURE:  

 A culture was considered significant when a pure isolate was isolated from 

a pair of blood culture bottles. The blood samples inoculated in BHI media were 

discarded after 7 days. Fungal blood cultures were kept upto 21 days before 

discarding as negative. [57] 

 
IDENTIFICATION OF CULTURE: [59] 

 Morphology of colonies grown on Blood agar, MacConkey agar at 18-

24hrs were noted and isolates were identified by   

 
Gram stain – to identify whether Gram positive or Gram negative organisms.  

Gram positive cocci were initially subjected to  

 
Catalase test 

 Gram positive catalase positive cocci were further subjected to the 

following standard biochemical and microbiological tests for Staphylococcus 

aureus [72] 
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(a) Slide and tube coagulase, 

(b) Modified oxidase test,  

(c) Urease test, 

(d) Hugh-Leifson’s Oxidation Fermentation test 

(e) Mannitol fermentation test, 

(f) Phenolphthalein phosphatase test, 

(g) Gelatin liquefaction test 

(h) Bacitracin susceptibility test using 0.04U disk.  

 
 If Gram positive cocci in clusters that were catalase positive and coagulase 

negative, the following additional tests were done for speciation of Coagulase 

Negative Staphylococci (CoNS). [72] 

 
1. Carbohydrate fermentation tests using Lactose, Mannitol, Mannose, 

Xylose, and Trehalose. 

2. Nitrate reduction test 

3. Ornithine decarboxylase test 

4. Differential disc diffusion test with Novobiocin(5µg) and Polymyxin B 300 

units 

 
Gram positive catalase negative cocci were subjected further to the following 

biochemical tests; [74]  

a) Motility by Hanging drop method 

b) Bile-esculin hydrolysis 
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c) Heat tolerance test 

d) Growth in 6.5% bile 

e) PYR test (pyrrolidonyl-beta-naphthylamide), 

f) Carbohydrate fermentation tests using Mannitol, Arabinose, Sorbitol, 

Pyruvate and Raffinose. 

g) Bacitracin susceptibility test using 0.04U disk and Optochin susceptibility 

test  

 
Gram positive bacilli were subjected to the following tests [38,74] 

a) Growth on blood agar showing <0.5mm in diameter after 4 hours of 

incubation. 

b) Catalase production 

c) Motility by Hanging drop method 

d) Hugh-Leifson’s Oxidative -Fermentative  metabolism 

e) Nitrate reduction 

f) Urease production  

g) Esculin hydrolysis 

h) Glucose fermentation 

i) Maltose fermentation   
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GRAM NEGATIVE ORGANISMS:   

 The following preliminary and standard biochemical tests were performed 

for identification of organisms of Enterobacteriaceae [75]; 

a. Catalase test, 

b. Oxidase test 

c. Motility by hanging drop method 

d. Hugh-Leifson’s Oxidative -Fermentative  test,  

e. Nitrate reduction test 

f. Indole production, 

g. Methyl red , 

h. Voges Proskauer , 

i. Citrate utilization test, 

j. Urease hydrolysis test, 

k. Lysine decarboxylase, Ornithine decarboxylase, Arginine dihydrolase, tests 

l. Carbohydrate fermentation tests using Glucose, Lactose, Sucrose, Maltose, 

Mannose fermentation tests were performed.  

 
Pseudomonas aeruginosa was identified by the following tests [76] 

a. Gram negative bacilli, which were motile, catalase and oxidase positive, 

with alkaline slant and alkaline butt in Triple sugar iron agar 

b. Growth at 44ºC, 

c. Nitrate reduction 

d. Pyocyanin production 

e. Lysine decarboxylase 
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f. Arginine dihydrolase 

g. Maltose 

h. Gelatin liquefaction  

 
Acinetobacter baumannii was identified by the following tests; [77] 

a. Gram negative coccobacilli, which were nonmotile, catalase positive and 

oxidase negative 

b. Growth at 44ºC, 

c. Presence of β-hemolysis, 

d. Citrate utilization 

e. 10% OF lactose utilization test, 

 
 Antibiotic susceptibility tests for the isolated organisms were performed on 

Muller-Hinton agar plate by Kirby Bauer’s disk diffusion method according to 

CLSI guidelines. 

 
ANTIBIOTIC SUSCEPTIBILITY TESTING  

Medium used: MHA (Mueller – Hinton agar) plate  

Inoculum: 0.5 McFarland turbidity, lawn culture  

Incubation:  37˚C air, incubated for 16-18 hours  

Preparation of inoculum: 

 About 4-5 colonies of similar morphology were picked up with the help of 

straight wire and inoculated in 5ml of peptone water, and incubated for 2 hrs. The 

turbidity was adjusted with nutrient broth to optically match 0.5 McFarland’s 



39 
 

turbidity.  A sterile cotton swab was dipped into it and excess broth is removed by 

pressing firmly against the wall of test tube.   

 
 Mueller Hinton agar plate was dried and steaked in three directions 

approximately 60˚ each time to ensure complete distribution of the inoculum over 

the entire plate. Five antibiotic discs were distributed evenly on the plate 24 mm 

apart from center to center and incubated aerobically at 37˚C for 24 hours.  The 

diameter of the zone of inhibition was measured in millimeter. The zone 

diameters was interpreted according to CLSI standards document M 100-S for 

each organism. [78] 

 
Control strains used 

1. Staphylococcus aureus ATCC 25923 

2.  Enterococcus faecalis ATCC 29212 

3. Escherichia coli ATCC 25922  

4. Pseudomonas aeruginosa ATCC 27853. 

 The panel of antibiotics included in the antimicrobial sensitivity testing for 

Gram positive cocci are given below (Himedia, Mumbai).  
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Zone Diameter Interpretive Standards for Staphylococcus spp. 

Antimicrobial 
Agent 

Disc 
content 

 

Zone Diameter Interpretive Criteria 
(nearest whole mm) 

Sensitive Intermediate Resistant 

Penicillin 10 units ≥ 29 - ≤ 28 

Trimethoprim/ 
Sulfamethoxazole 

1.25/23.75 
µg ≥16 11-15 ≤ 10 

Linezolid 30 µg ≥21 - ≤ 20 

Tetracycline 30 µg ≥19 15-18 ≤ 14 

Ciprofloxacin 5 µg ≥21 16-20 ≤ 15 

 

 Zone Diameter Interpretive Standards for Enterococcus spp. 

Antimicrobial 
Agent 

Disc 
content 

 

Zone Diameter Interpretive Criteria 
(nearest whole mm) 

Sensitive Intermediate Resistant 

Ampicillin 10 µg ≥ 17 - ≤ 16 

Penicillin 10 units ≥ 15 - ≤ 14 

High level Gentamicin 120 µg ≥10 7-9 ≤ 6 

Ciprofloxacin 5 µg ≥21 16-20 ≤ 15 

Linezolid 30 µg ≥23 21-22 ≤ 20 

Vancomycin 30 µg ≥17 15-16 ≤ 14 
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Zone Diameter Interpretive Standards for Streptococcus spp. 

Antimicrobial 
Agent 

Disc 
content 

 

Zone Diameter Interpretive Criteria     
(nearest whole mm) 

Sensitive Intermediate Resistant 

Penicillin 10 units ≥ 24 - - 

Ciprofloxacin 5 µg ≥21 16-20 ≤ 15 

Erythromycin 15 µg ≥21 16-20 ≤ 15 

Linezolid 30 µg ≥21 - - 

Vancomycin 30 µg ≥17 - - 

 

Panel of drugs used for Diphtheroids (According to BSAC Guidelines) 

Antibiotic Content Sensitive 
(mm) 

Intermediate 
(mm) 

Resistant 
(mm) 

Penicillin 10  µg 20 - 19 

Ciprofloxacin 5  µg 17 12-16 11 

Vancomycin 30 µg 20 - 19 

 
The panel of antibiotics included in the antimicrobial sensitivity testing for Gram 

negative bacilli were (Himedia, Mumbai).  
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Zone Diameter Interpretive Standards for Gram Negative organisms [106] 

Antibiotics Disk 
content 

Gram negative 
bacilli 

Diameter of zone of inhibition in 
mm 

Sensitive Intermediate Resistant 

Amikacin 30µg 

Enterobacteriaceae 
Pseudomonas 

aeruginosa  
Acinetobacter spp. 

≥17 15-16 ≤14 

Gentamicin 10µg 

Enterobacteriaceae 
Pseudomonas 

aeruginosa 
Acinetobacter spp. 

≥15 13-14 ≤12 

Ciprofloxacin 5µg 

Enterobacteriaceae 
Pseudomonas 

aeruginosa  
Acinetobacter spp. 

≥21 ≤16-20 15 

Trimethoprim/ 
Sulfamethoxazole 1.25/23.75µg Enterobacteriaceae 

Acinetobacter spp. ≥16 11-15 ≤10 

Cefotaxime 30µg 
Enterobacteriaceae ≥26 23-25 ≤22 

Acinetobacter spp. ≥23 15-22 ≤14 

Ceftazidime 30µg 

Enterobacteriaceae ≥21 18-20 ≤17 

P. aeruginosa & 
Acinetobacter spp. ≥18 15-17 ≤14 

 
Imipenem 

 
10µg 

Enterobacteriaceae ≥23 20-22 ≤19 

P.aeruginosa ≥19 16-18 ≤15 

Acinetobacter spp. ≥22 19-21 ≤18 

Piperacilin-
Tazobactam 100/10µg 

Enterobacteriaceae 
Acinetobacter spp. ≥21 18-20 ≤17 

P.aeruginosa ≥21 15-20 ≤14 
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DETECTION OF METHICILLIN RESISTANT STAPHYLOCOCCUS 

AUREUS: 

Staphylococcus aureus strains were screened for Methicillin resistance. [78] 

 
CEFOXITIN DISC DIFFUSION METHOD:  

 Colonies of Staphylococcus aureus (test isolate) were inoculated into 

peptone water and were matched with 0.5 Mac Farland standard. The suspension 

was streaked onto cation adjusted Muller-Hinton agar plates. Staphylococcus 

aureus ATCC 25923 (Control) was also cultured onto another separate cation 

adjusted MHA. Cefoxitin disc (30 µg) was placed on the lawn culture of both the 

test and control isolates and incubated at 33-35ºC overnight. 

 
Interpretation: 

As per CLSI guidelines, 

Zone of inhibition: ≥22mm (mec A negative) 

Zone of inhibition: ≤21mm (mec A positive) 

 
 Cefoxitin is the surrogate marker for mec A- mediated oxacillin resistance. 

Isolates that are tested mec A positive should be reported as ‘oxacillin resistant’ 

(not cefoxitin). 

 
 The minimum inhibitory concentration is the least amount of antimicrobial 

agent that inhibits visible growth of an organism after overnight incubation. 

 
 E-TEST (EPSILOMETER TEST): Vancomycin Ezy Mix strip Van, Hi-

media, Mumbai: 
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  It is a unique Minimum Inhibitory Concentration determination paper strip 

coated with Vancomycin in a predefined quantitative gradient. MIC can be 

determined in the range of 0.016mcg/ml to 256mcg/ml, on testing against the test 

organism. 

 
Quality Control: 

      ATCC Staphylococcus aureus 25923. 

 
Procedure: 

 Methicillin resistant strains of Staphylococcus aureus were inoculated in 

peptone water and incubated for two hours at 37ºC and then streaked onto cation 

adjusted Mueller-Hinton agar plates using a sterile cotton swab. Ezy MIC strips 

were brought to room temperature 15 minutes before use. Using an applicator 

provided in the kit bag, the Ezy MIC strip was placed on the plate seeded with the 

MRSA strain. The plates were then incubated at 33-35ºC overnight.  [78] 

 
 Control strain of ATCC Staphylococcus aureus 25923 was also tested 

similarly. 

 
Interpretation: 

Sensitive- 2µg, 

Intermediate- 4-8µg, 

Resistant->16µg.   
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A. EXTENDED SPECTRUM Β LACTAMASES (ESBL) DETECTION 

METHODS: [78] 

1. SCREENING METHOD:  

 Isolates of Gram negative bacilli showing resistance pattern to any of the 

following antibiotics were considered to be possible ESBL producing strains and 

were subjected for confirmatory test to detect ESBL production by combination 

disk method.  

Antibiotic Zone diameter for possible ESBL 
producing strain 

Ceftazidime (30 µg) ≤ 22 mm 

Cefotaxime (30 µg) ≤ 27 mm 

 

2. PHENOTYPIC CONFIRMATION METHOD FOR ESBL DETECTION:   

Antibiotics used: 

 (1) Ceftazidime (30µg) 

(2) Ceftazidime/Clavulanate acid (30/10µg) 

(3) Cefotaxime (30µg) 

(4) Cefotaxime/ Clavulanate acid (30/10µg) 

Escherichia coli ATCC 25922 was used as the quality control strain.  

 
Detection of Extended spectrum beta lactamase production: 

 Using sterile loop five to six colonies of  similar morphology of the test 

organism were picked up and inoculated in peptone water and incubated at 37ºC 

for 24hrs. The suspension was matched with 0.5 Mac Farland standard 
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(1.5x108cfu/ml). Lawn culture of test organism was performed on MHA plate. 

Cefotaxime (30 µg), Cefotaxime/Clavulanate (30/10 µg) and Ceftazidime (30 µg), 

Ceftazidime/ Clavulanate (30/10 µg) disks were placed on the plate with 24mm 

gap between each disks and incubated at 37ºC overnight.  

 A ≥ 5-mm increase in a zone diameter for either antimicrobial agent tested 

in combination with clavulanate vs the zone diameter of the agent when tested 

alone signified a positive ESBL.   

 
B. AMPC Β LACTMASES DETECTION METHODS: [106] 

1. SCREENING METHOD:  

All the Gram negative isolates were screened using Cefoxitin (30μg) disc 

antagonism test by disc diffusion method. The isolates which showed a reduced 

susceptibility to Cefoxitin ≤ 18 mm were tested for confirmation by the AmpC 

Disc test.  

 
PROCESSING OF FUNGI:  

 The SDA slopes were examined after 48hrs, 7 days, 14 days and one 

month for the appearance of yeasty or mouldy growth.  Colonies seen in SDA 

slopes were subjected to Gram staining and Lactophenol cotton blue mount. 

Creamy white, dry colonies with Gram positive budding yeast cells and 

pseudohyphae in Gram stain were seen, the following tests were done.   [79]  

 
Germ tube test:  

 A loopful of yeast like cells obtained from SDA was suspended in 0.5ml of 

human serum.  
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 After incubation for 1-2 hrs, one or two drops of the suspension was placed 

on a clean microscopic glass slide and covered with coverslip and focussed under 

low and high power objective  to see the characteristic germ tube formation.  

CHROM agar (HIMEDIA)  

 
 A single colony was taken from Sabouraud’s Dextrose Agar and was streaked on 

Chrom agar plate and incubated at 37˚C for 48hrs. The characteristic coloured 

colonies of candida are observed.  

 
Identification of Candida spp. based on colour of Candida CHROM Agar 

Candida spp. Colour on Candida CHROM Agar 

Candida albicans Light- green 

Candida dublinensis Dark –green 

Candida glabrata Pink to purple 

Candida krusei Pink 

Candida parapsilosis Cream to pale pink 

Candida tropicalis Metallic Blue 

  

Cornmeal agar:  

 Identification of Candida spp is based on formation of chlamydospores on 

cornmeal agar.  

 
 A single colony from SDA was inoculated onto plate of cornmeal agar 

containing 1% Tween 80 and trypan blue. Three parallel streaks of about half an 

inch apart holding the inoculated wire about 45˚ angle and the area where cuts 
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made were covered with sterile coverslips and incubated at 22˚C for 24hrs. After 

incubation the areas where cuts were made onto the agar were examined under the 

microscope for the presence of blastoconidia, pseudohyphae or true hyphae and 

chlamydospores. The Candida species were identified according to the 

morphological features on the Corn Meal agar under the microscope.   

Morphology on Corn Meal Agar with Tween 80  

Corn Meal Agar Morphology 

 

Species Identification 

Pseudohyphae with terminal chlamydospores clusters of 

blastoconidia at septa 

Candida albicans 

Candida dublinensis 

Abundant Pseudohyphae, pine forest arrangement, 

blastoconidia formed at  or in between septa 

Candida tropicalis 

Elongated yeasts, Abundant Pseudohyphae, ‘matchstick- 

like appearance’ 

Candida krusei  

Blastoconidia along curved pseudohyphae; giant mycelia 

cells 

Candida parapsilosis  

No pseudohyphae; small cells; terminal budding Candida glabrata 

 

CARBOHYDRATE FERMENTATION TEST:  

 About 0.2 ml of saline suspension of the yeast colonies were inoculated 

onto the different sugar media that contain Durhams tube. The concentration of 

sugar 2% with bromothymol blue indicator and the different sugar used were 

glucose, lactose, sucrose, maltose respectively. Then incubated at 30⁰C for 48 to 
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72 hours. After incubation period, the tubes were observed for acid and gas 

production.  

 
ANTIFUNGAL SUSCEPTIBILITY TEST:  

The antifungal susceptibility test were done by 2 methods  

1. Disc diffusion method as per M44-A2 document. [80] 

2. Microbroth dilution method, as per the CLSI guidelines on antifungal 

Susceptibility testing in M27-S4 document. [81] 

 
 Inoculum preparation:  5 distinct colonies of 1mm diameter were picked up 

from a 24 hour old culture of Candida spp. and suspended in 5ml of sterile 0.85% 

saline. The suspension was then adjusted spectrophotometrically at 530nm which 

matched the 0.5 McFarland’s barium sulphate standard. This gives the inoculum 

size of 1 x 106 to 5 x 106cfu/ml. The same inoculum was used for both methods.   

 
DISC DIFFUSION METHOD: [80] 

 It was performed on MHA plate supplemented with 2% glucose & 0.5 

mg/ml Methylene blue.  

 
 The test organism suspension was inoculated on to the agar plate by 

streaking with a swab over the entire agar surface. Antifungal discs were placed 

on the inoculated agar plates and incubated at 35°C for 48 hours. The zone 

diameters are measured (nearest whole millimeter) at the point where reduction in 

growth is prominent. 
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Quality control:  

Candida albicans ATCC 90028.   

                      Zone Diameter interpretive standards for Candida species. 

Antifungal 
Agent 

Disc content 
µg 

Zone Diameter Interpretive Criteria 
(nearest whole mm) 

Sensitive Intermediate Resistant 

Fluconazole 25 ≥ 17 14-16 ≤ 13 

Voriconazole 1 ≥ 17 15-16 ≤ 14 

 

Determination of Minimum inhibitory concentration (MIC) of Amphotericin 

B by Broth Microdilution Method for Yeast [81] 

      Preparation of antifungal stock solution 

Formula:    W =    V x C                                

                                   P 

Where P = potency 750 μg/mg, 

 V = volume required 10 mL,  

C = final concentration of solution 1600µg/ml, and  

W = weight of antibiotic in mg to be dissolved in volume V (mL). 

 
 Broth microdilution method for yeasts was performed as per the CLSI 

guidelines M27-A3.  Dimethyl sulfoxide (DMSO) was used as solvent and RPMI 

1640 (glutamine added, without bicarbonate, phenol red as indicator) was used as 

broth medium.  
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Antifungal stock solution:   

The MIC range of antifungal agents used were  

 Amphotericin B: 0.0313 to 16 µg/ml.  

 Fluconazole : 0.125 to 64 µg/ml  

Fluconazole was dissolved in sterile distilled water whereas Amphotericin B was 

dissolved in DMSO. From the working dilution, the desired concentrations were 

prepared 

 
Inoculum preparation 

 Five morphologically similar colonies of the Candida species from a 24 

hour old culture were picked up using a sterile bacteriological loop and 

suspended in 5 ml of 0.85% saline and incubated at 35°±2°C. The cell 

suspension was vortexed for 15 seconds. Cell density was adjusted with a 

spectrophotometer (sufficient sterile 0.85% saline is added) to increase the 

transmittance equivalent to that produced by a 0.5 McFarland standard. 

 A working suspension was made by 1:100 dilution followed by a 1:20 

dilution of the stock suspension with RPMI 1640 broth medium which 

results in 5×102 to 2.5×103 cells/ml. 

 Same procedure was followed for the control organism Candida albicans 

ATCC 90028. 
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Procedure 

 The broth microdilution was performed by using sterile disposable U 

shaped 96 well microdilution plates. 100 µl of varying drug concentrations 

were dispensed in each row from 1to 10 wells.  

 11th column of microdilution plate was the growth control with 100 µl of 

sterile drug free medium and inoculated with the corresponding inoculum 

suspension. 12th column of microdilution plate was the drug control 

with100 µl drug and 100 µl of sterile drug free medium. 

  The microdilution plates were incubated at 35°C for 24 hours. After 

incubation, the microdilution were read with the help of a reading mirror. 

The growth in the test wells were compared with that of the growth control 

well.  

 
Interpretation: 

The end point for Fluconazole and Voriconazole was the lowest concentration in 

which permanent decrease in turbidity was observed. Isolates with MIC 

Susceptible - 8µg/ml, 

Dose dependent susceptible - 16-32 µg/ml  

Resistant- 64µg/ml  

For Amphotericin B, the end point was defined as the lowest concentration in 

which an optically clear well was obtained. Due to the lack of definite break 

points for Amphotericin B, isolates showing an  

MIC of < 1.0 µg/ml were taken as susceptible  

MIC > 1 µg/ml were considered as resistant 
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HERPES 1+2 IgM Capture Enzyme Immunoassay Test (Delta Biologicals) [82] 

Principle of the test  

 The assay is based on the principle of capture of immunoglobulins and 

subsequent identification of the specific ones. It makes use of their ability to bind 

to an antigen conjugated to peroxidase. Monoclonal antibodies are bound to the 

solid phase (microtiter wells). The antigen used is purified, inactivated HSV -1 

and 2. The conjugate comprises specific anti-HSV monoclonal antibodies labelled 

with peroxidase.  

 
Specimen Collection and Handling:  

 Blood sample is collected under aseptic precautions using sterile syringe 

and needle. It is allowed to clot, centrifuged for 10 minutes at 1000 x g, serum 

was pipetted out and stored at < -20°C.  

 
 Specimens should be clear, non-hemolyzed and should not be lipemic, 

icteric or contaminated. Avoid frequent freeze/thaw cycles. 

 
Reagent Preparation: 

1) All reagents are bought to Room Temperature before use.  

2) Wash Solution - add 50ml of 10X Wash Buffer (Phosphate buffered saline) 

in 450ml of Distilled water. (1:10 dilution) 
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3) Immunocomplex mixture: freeze dried powder containing purified HSV, is 

reconstituted with 20ml of monoclonal antibodies labelled with peroxidase. 

It is to be prepared 45 minutes before use.  

Assay Procedure:  

1) Sample dilution: 1:101 dilution is made by distributing 10 µl of serum into 

1ml of diluent.  

2) Microplate wells that are coated with anti-human IgM monoclonal antibodies 

are taken. 

 
Summary of procedure: 

Step1:  100µl of diluted sample per well. Undiluted controls (100µl in each well), 

one negative control, one positive control, and 2 cut off in strip is dispensed 

 
Wells are covered with a protective film and incubated for 45 minutes at 37⁰C. 

 
Wash four times (300µl) 

 
Step 2: 100µl of the immunocomplex (antigen/monoclonal antibodies anti-HSV 

labelled with HRP) is added to each well 

 
Incubated for 45 minutes at 37⁰C 

 
Wash 4 times (300µl) 

 
Step 3:100 µl of the substrate is added onto each well 

 
Incubated for 15 minutes at room temperature 

 
Step 4: 100µlof stop solution is added to stop the enzymatic reaction. 

 
The absorbance (O.D.) read at 450 nm within 30 minutes. 
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RESULTS 

QUALITITATIVE RESULTS 

 Positive for IgM if O.D. of the sample is higher than the O.D. of cut off.  

The ratio between the O.D. value of the sample and cut off is calculated. The 

sample is considered, 

 
Positive : if the ratio is >1.2 

Doubtful : +/- 20% of the cut off 

Negative : if ratio is <0.8 

Sensitivity of kit- 95.6% and specificity - 97.8%.  

 
HERPES 1+2 IgG Capture Enzyme Immunoassay Test (Delta Biologicals) 

Principle of the test  

 The test is based on the Capture Enzyme Linked immunosorbent assay. 

The antigen is the purified and inactivated HSV types 1 and 2. It is bound to solid 

phase. Through incubation, the specific immunoglobulins are bound to the antigen 

in the dilute human serum.  

 
 The proteins that have not reacted are eliminated by washing. It is 

incubated with the conjugate, composed of human IgG monoclonal antibodies and 

the peroxidase substrate is added.   

 
 The colour that develops is proportional to the concentration of specific 

antibodies present in serum sample.  
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Reagent Preparation: 

1. All reagents are brought to room temperature prior to use.  

2. 1X Wash Solution, add 50ml of 10X Wash Buffer (Phosphate 

buffered saline) in 450ml of Distilled water. (1:10 dilution) 

 
Assay Procedure:  

1. Sample dilution: 1:101 dilution is made by distributing 10 µl of 

serum into 1ml of diluent.  

2. Microplate wells coated with anti-human IgM monoclonal 

antibodies is taken. 

 
Summary of procedure: 

Step1:  100µlof each diluted sample per well is added. Undiluted controls in a 

strip (100µlin each well) one negative control, one positive control, and 2 cut off 

are added. 

 

Wells coated with protective film are incubated for 45 mins at 37⁰C. 

 

Wash four times (300µl) 

 

Step 2: 100µlof the conjugate (monoclonal antibodies anti-HSV labelled with 

HRP) is added to each well 

 

Incubated for 45 mins at 37⁰ C covering the well with protective film. 

 

Wash 4 times (300µl). 

 



57 
 

Step 3:100 µl of the substrate is added in each well. Incubated for 15 mins at room 

temperature 

 

Step 4:  100µl of stop solution is added. 

 

The absorbance (O.D.) is read at 450 nm within 30 minutes. 

 

RESULTS 

QUALITITATIVE RESULTS 

  The sample is positive for presence of IgG if O.D. of sample is higher than 

O.D. of the cut off. 

 The ratio between the O.D. value of the sample and the cut off is 

calculated. The sample is considered, 

 
Positive : if the ratio is >1.2 

Doubtful : +/- 20% of the cut off 

Negative : if ratio is <0.8 

Sensitivity of kit - 95.6% and specificity - 97.8%.  

 
POLYMERASE CHAIN REACTION [83] 

 Viral Nucleic acid mini spin purification kit [Kit contains Proteinase-K, 

Lysis buffer, Wash Buffer-1, Wash Buffer-2, 2X Master Mix:  2U of Taq DNA 

polymerase, 10X Taq reaction buffer, 2mM MgCl2, 1µl of 10mM dNTPs mix and 

Red Dye PCR additives.   

 Agarose gel electrophoresis: Agarose, 50X TAE buffer, 6X gel loading 

buffer and Ethidium bromide.  
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HELINI HSV-1 Semi-nested PCR kit PCR Product size: 207bp   

HSV-1-207bp Forward Primer: CCAATAACCCGCCAGGGCCAAA Reverse 

Primer: TTGATCTGGACACCCCCACGGA 

 
Viral DNA Purification    

 200µl of Plasma/serum transferred into 1.5ml centrifuge tube containing 

200µl of lysis buffer, 5µl of internal control template and 20µl of Proteinase K. 

Sample is processed with ethanol and centrifuged twice with wash buffer and 

elution buffer. The purified DNA is stored at -20°C.    

 
PCR Procedure:  RedDye PCR Master mix 10µl. HSV1 Primer mix 5µl. Purified 

DNA 5µl Total volume 20µl 

 
Initial Denaturation: 94ºC for 5 min and then denaturation: 94ºC for 30sec; 

Annealing: 58ºC for 30sec, 35 cycles; Extension: 72ºC for 30sec followed by 

Final extension: 72º C for 5 min    

 
Procedure: 

2% agarose gel is prepared. [2gm of agarose in 100ml of 1X TAE buffer]   

Agarose gel electrophoresis:  PCR Samples are mixed with gel loading dye along 

with 10µl HELINI 100bp DNA Ladder and loaded. [100bp, 200bp, 300bp, 400bp, 

500bp, 600bp, 700bp, 800bp, 900bp, 1000bp and 1500bp]  Electrophoresis at 50V 

is run till the dye reached three fourth distance of the gel and gel viewed in UV 

Transilluminator and bands observed. 

 



Results 
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RESULTS 

 The evaluation of microbiological profile of blood stream infections and 

seroprevalence of Herpes Simplex Virus infections in patients with hematological 

malignancy was carried out at the Institute of Microbiology, Madras Medical 

College, in association with the Department of Hematology, Rajiv Gandhi 

Government General Hospital, and Chennai. A total of 100 patients with 

haematological malignancy who presented with fever while receiving induction or 

consolidation chemotherapy were included.    

 
Table.1 Age wise distribution of patients with hematological malignancy 

(n=100) 

Age group No. of Male 
patients 

No. of Female 
patients Percentage % 

18-20 years 8 9 17   (17%) 

21-30 years 9 11 20   (20%) 

31-40 years 8 10 18   (18%) 

41-50 years 7 17 24   (24%) 

51-60 years 10 3 13   (13%) 

61-70 years 4 3 7    (7%) 

>70 years - 1 1   (1%) 

Total 46 54 100 (100%) 

 
 The age (in years) ranged from 18 to 72 years. The incidence of 

hematological malignancy patients presenting with fever was higher in 41-50 

years.  
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Figure 1: 
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Table.2: Gender wise distribution of hematological malignancy patients 

included in study 

Gender Total number of patients Percentage 

Male 46 46.0% 

Female 54 54.0% 

Total 100 100.0% 

 
Out of the 100 patients with hematological malignancy included in the study, 46 

were males (46%) and 54 patients were females (54%). 

 
Figure 2: 
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Table 3: Positivity of Blood Culture (n=24)   

Blood Culture No. of Patients(n=100) Percentage 

Positive 24 24% 

Negative 76 76% 

 
 Blood culture was found to be positive in 24% of patients with 

hematological malignancy presenting with fever.  

 
 
Figure 3: 
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Table.4: Frequency of BSI documented in hematological malignancy patients 

S.NO TYPE OF MALIGNANCY 
TOTAL NO. 

OF PATIENTS 
(n=100) 

PATIENTS 
WITH BSI 

(n=24) 

1 Acute Myeloid Leukemia(AML) 42     (42%) 15 (62.5%) 

2 Acute Lymphoid Leukemia(ALL) 24      (24%) 4 (16.7%) 

3 Chronic Myeloid Leukemia(CML) 15      (16%) 4 (16.7%) 

4 Chronic Lymphoid Leukemia(CLL) 6        (6%) 1(4.1%) 

5 Acute Promyelocytic Leukemia 
(APML) 3        (3%) 0 

6 Multiple myeloma 2       (3) 0 

7 Non Hodgkins Lymphoma 4       (4%) 0 

8 T cell Lymphoma 2      (2%) 0 

9 Hairy Cell Leukemia (HCL) 1       (1%) 0 

10 Burkitts Lymphoma 1      (1%) 0 

 

 Patients with AML accounted for majority of the study population (42%) 

and BSI was seen in a higher proportion in them (62.5%)  

  



64 
 

 

Figure 4: 
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 In patients with BSI, 10 were males and 14 were females. Most common 

age group associated with BSI were 41-50 years (29.1%) and the next common 

age group were between 18-20 years (25%). 

 

Figure 5:       
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Table 6: Epidemiology of BSI Positive Cases (n=24) 

 Community acquired 
BSI Hospital acquired BSI 

No. of cases 
(n=24) 10 (41.6%) 

14(58.3%) 

Duration of stay less 
than 2 weeks 5 

Duration of stay more 
than 2 weeks 9 

 
58.3% of BSI positive cases were nosocomially acquired and 41.6% were 

community acquired.  

 
Figure 6:  
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Table 7:  Comorbid conditions in hematological malignancy patients 

presenting with blood stream infection  

S.NO C0MORBID CONDITIONS No. Of 
CASES(n=100) 

INCIDENCE OF 
BSI(n=24) 

No comorbid conditions 43 8 

With comorbid conditions 57 16 

1 Hypertension 10 1 

2 Diabetes Mellitus 19 6 

3 Asthma/COPD 3 1 

4 Known heart disease 6 2 

5 Cirrhosis/hepatic dysfunction 4 1 

6 Renal disease (acute, chronic) 9 3 

7 TB(active or previous ) 3 2 

8 Hypothyroidism 3 0 

 

 BSI was seen in a higher proportion of hematological malignancy patients 

(67%) with comorbid illness. In BSI patients, the most common co-morbid 

condition seen was Type 2 Diabetes. (37.5%) 

 

Chi-Square test Value P-Value 

Pearson Chi-Square 0.58 0.44 
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Figure 7: 
 

 

  

Hypertension
6%

Diabetes Mellitus
37%

Asthma/COPD
6%

Known heart 
disease

13%

Cirrhosis/decom
pensated liver 

disease
6%

Renal disease 
(acute, chronic)

19%

TB(active or 
previous)

13%

COMORBID ILLNESS IN PTS WITH BSI

Hypertension
Diabetes Mellitus
Asthma/COPD
Known heart disease
Cirrhosis/decompensated liver disease
Renal disease (acute, chronic)



69 
 

 

Table.8 Neutropenia as risk factor For BSI in patients with hematological 

malignancy  

Infection Neutropenic 
(n=46) 

Non 
neutropenic 

(n=54) 

Total 
(n=100) 

Growth in blood culture 16(34.7%) 8(14.8%) 24 (24%) 

No growth in  blood 
culture 30 (65.3%) 46(85.1%) 76(76%) 

Total 46 54 100 (100%) 

 

The incidence of BSI was 34.7% higher in patients who were neutropenic during 

the course of chemotherapy.  

 

Chi-Square test Value P-Value 

Pearson Chi-Square 5.4298 .01 
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Table 9: Correlation of source of Infection and Blood stream infection in 

patients with hematological malignancy  

S.no Source of Infection 

Clinically 
documented 

infection  
(n=71) 

Incidence of 
BSI  

(n=24) 

1 Mucositis 8 2 (8.3%) 

2 Head and Neck Infections 4 0 

3 Respiratory tract Infections 24 9 (37.5%) 

4 Urinary tract Infections 15 6 (25%) 

5 Catheter-related Infections 1 0 

6 Gastrointestinal tract Infections 5 1 (4.1%) 

7 Skin and soft tissue infection 14 2 (8.3%) 

No documented infection 29 4 (16.7%) 

 

 The most common primary source of bacteremia was the Respiratory tract 

(37.5%), followed by the urinary tract (25%). In 4 patients, (16.7%), there was no 

primary source of BSI (primary blood-stream infection).  
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Figure 9: 
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Table 10: Organisms isolated by Blood Culture in Patients with 

hematological malignancy   

Organisms  isolated by blood culture No of 
isolates(n=24) Percentage 

Gram positive organisms 

Staphylococcus aureus 5 20.8% 

Staphylococcus epidermidis 2 8.3% 

Streptococcus pyogenes 1 4.1% 

Enterococcus faecalis 1 4.1% 

Corynebacterium jeikeium 1 4.1% 

Gram negative organisms 

Escherichia coli 3 12.5% 

Klebsiella pneumoniae 3 12.5% 

Pseudomonas aeruginosa 4 16.6% 

Acinetobacter baumannii 3 12.5% 

Fungal 

Candida albicans 1 4.1% 
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 Bacteremia was seen in 23% and fungemia seen in 1% of patients with 

hematological malignancy.  Among the bacterial isolates, Gram negative 

organisms accounted for 54.1% of infection while Gram positive organisms 

constituted 41.6%.   

 
Figure 10:  
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Table 11: Distribution of aerobic Gram negative organisms 

Organisms No of GNB 
isolated(n=13) Percentage 

Escherichia coli 3 23% 

Klebsiella pneumoniae 3 23% 

Pseudomonas aeruginosa 4 31% 

Acinetobacter baumannii 3 23% 

 

 Pseudomonas aeruginosa was the most common Gram negative organism, 

31% isolated from blood. Escherichia coli, Klebsiella pneumoniae and 

Acinetobacter baumannii seen in 23% of the Gram negative organisms isolated.  
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Table 12. Antibiotic Sensitivity Pattern of Gram Negative Bacilli 

S.NO ANTIBIOTIC 

Escherichia 

coli (n=3) 

Klebsiella 

pneumoniae 

(n=3) 

Pseudomonas 

aeruginosa 

(n=4) 

Acinetobacter 

baumannii  

(n=3) 

S % S % S % S % 

1 Ampicillin (10µg) 2 67 - - - - - - 

3 Amikacin  (30µg) 2 67 2 67 3 75 2 67 

4 Ciprofloxacin 
(5µg) 1 33 2 67 3 75 2 67 

5 Cotrimoxazole 
(1.25/23.75µg) 1 33 1 33 - - 1 33 

6 Cefotaxime 
(30µg) 2 67 1 33 - - 1 33 

7 Ceftazidime 
(30µg) 2 67 1 33 2 50 1 33 

8 Imipenem (10µg) 3 100 3 100 4 100 3 100 

9 
Piperacillin-
Tazobactam 
(100/10µg) 

3 100 3 100 4 100 3 100 

10 Tetracycline 
(30µg) 2 67 2 66 - - 1 33 

 
S-Sensitive 

 All the Gram negative organisms were highly sensitive to Imipenam and 

Piperacilin-Tazobactam.  
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Table 13: Resistance pattern among Gram negative organisms 

Organism 
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Escherichia 
coli(ESBL) (n=1) 100 R 100 0 0 100 100 100 100 100 

Klebsiella 
pneumoniae 
(ESBL)(n=2) 

50 50 50 0 0 100 100 100 100 50 

 

3 isolates from Enterobacteriaceae were found to be ESBL producers by screening 

and confirmatory tests.   

 

Table 14: Distribution of aerobic Gram positive isolates 

Organisms No of isolates  (n=10) Percentage 

Staphylococcus aureus 5 50% 

Staphylococcus 
epidermidis 2 20% 

Streptococcus pyogenes 1 10% 

Enterococcus faecalis 1 10% 

Corynebacterium jeikeium 1 10% 

 

 Among the Gram positive organisms, Staphylococcus aureus was the most 

common   organism (50%), followed by Staphylococcus epidermidis. (20%)  
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Table 15: Antibiotic Sensitivity Pattern of Gram Positive Cocci 

S.no Antibiotic 

Staphylococcus 
aureus (n=5) 

Staphylococcus 
epidermidis 

(n=2) 

Streptococcus 
pyogenes 

(n=1) 

Enterococcus 
faecalis 
(n=1) 

S % S % S % S % 

1 Amikacin(30 µg) 4 80 2 100 - - - - 

2 
Amoxycillin-
Clavulunate 
(20/10 µg) 

4 80 2 100 - - - - 

3 Cephalexin (30 µg) 2 40 1 50 - - - - 

4 Ciprofloxacin 
(5µg) 3 60 1 50 0 

 0 - - 

5 Erythromycin 
(15 µg) 3 60 2 100 1 100 1 100 

6 Penicillin (10 
Units) 2 40 1 50 1 100 0 0 

7 
Trimethoprim-

Sulphamethoxazole 
(1.25/23.75µg) 

3 60 1 50 1 100 1 100 

8 
High-level 
Gentamicin 

(120µg) 
- - - - - - 1 100 

9 Linezolid (30µg) 5 100 2 100 - - 1 100 

10 

Vancomycin 
(30µg) - - - - 1 100 1 100 

Vancomycin 
(30µg) by E-strip 5 100 2 100     

11 Teicoplanin(30µg) 
by E-strip 5 100 2 100 - - - - 

 
S- Sensitive 

 The Gram positive organisms were highly susceptible to Vancomycin(100%) and 

Linezolid (100%) 
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Table 16: Distribution of Methicillin Sensitivity Pattern in Staphylococcus 

species (Disc Diffusion Method with Cefoxitin)  

Organism 
Number of 

Isolates 
( n) 

Methicillin 
Sensitive 

Methicillin 
Resistant 

N % N % 

Staphylococcus aureus 5 2 20 3 60 

Staphylococcus 
epidermidis 

2 
 1 50 1 50 

 

 Out of 7 staphylococcus isolates, 3 isolates of Staphylococcus aureus 

(42.8%) and 1 isolate of Staphylococcus epidermidis (14.2%) were found to be 

Methicillin resistant. 

 
Table 17: Minimum Inhibitory Concentration Test (MIC) for Vancomycin 

by E-strip 

S.No No. of isolates(n) 
Vancomycin 

Sensitive 
(MIC ≤ 2µg/ml) 

Vancomycin 
Resistant 

(MIC >2µg/ml) 

1 Staphylococcus aureus  (n=5) 0.5-2 - 

2 Staphylococcus epidermidis  
(n=2) 1-2 - 

 

 All isolates of Staphylococcus species were confirmed as Vancomycin 

Sensitive. 
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Table 18: Antibiotic Sensitivity Pattern of Corynebacterum jeikeium 

 Amikacin 
30μg 

Ciprofloxacin 
5 μg 

Penicillin 
(10 Units) 

Trimethoprim-
Sulphamethoxazole 

(1.25/23.75µg) 

Vancomycin 
(30µg) 

Corynebacterium 
jeikeium(n=1) - S S - S 

 
 Corynebacterium jeikeium was sensitive to Ciprofloxacin, Penicillin 

and Vancomycin. 

 
Table 19: Antifungal Susceptibility pattern for Candida species 

 
Fluconazole Voriconazole Amphotericin B 

Disc 
(25µg) 

Sensitive 
(MIC<64µg/ml) Disc (1µg) Sensitive 

(MIC<64µg/ml) 
Sensitive 

(MIC<1µg/ml 

Candida 
albicans 

(n=1) 
S S S S S 

 

Table 20: Analysis of Clinical Outcome / Mortality of BSI in hematological 

malignancy patients 

Outcome 
BSI negative 
cases(n=76) 

BSI positive 
cases(n=24) Study group (n=100) 

No. % No. % No. % 

Recovered 53 69.8% 15 62.5% 68 68% 

Death within 
30 days 23 30.2% 9 37.5% 32 32% 

Total 76 100% 24 100% 100 100% 

 
The overall mortality rate due to blood stream infection was 28.1%.  
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Table 21: Correlation of Mortality with causative organisms  

Organism isolated 
(n=24) 

No. of deaths 
(<2 weeks) Percentage 

Gram positive organisms(n=13) 4 16% 

Gram negative organisms(n=10) 5 20.8% 

 
Patients with BSI due to Gram negative organisms had a higher mortality rate.   

 

Table 22: Seroprevalence of HSV in patients with hematological malignancy 

patients 

Test No. of  samples tested positive 

HSV 1 &2 IgM  (n=90) 8 (8.9%) 

HSV 1 &2 IgG  (n=90) 39(43.3%) 

 

HSV 1 &2 IgM was seen in 8.9% of patients who presented with fever during 

chemotherapy.  

 

 

 

  



Discussion 
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DISCUSSION 

 
 Blood stream infections are an important cause of mortality among patients 

with hematological malignancies.  Fever is the principal and at times the only 

manifestation of serious infection in a neutropenic patient, as the signs of 

inflammation may be absent in them. The cause of fever is multifactorial and 

outcome depends on the pathogens associated, source of infection, underlying risk 

factors, timely intervention and appropriate treatment received. Hence, this study 

was done to evaluate the microbiological profile of blood steam infection, 

antimicrobial susceptibility pattern of the organisms isolated from blood culture in 

patients with hematological malignancy and the seroprevalence of most common 

viral infection, HSV among them.   

 
 The study was conducted at the Institute of Microbiology, Madras Medical 

College, in association with Department of Haematology, Rajiv Gandhi 

Government General Hospital. 

 
 In this study, majority of the patients presenting with clinical signs of 

infection such as fever, cough, urinary complaints, abdominal pain, were in the 

age group of 41-50 years. (Table 1) This correlated with the study Gedik et al, 

which showed mean age of patients ranging from 47- 64 years. [84] In another 

study done by Gudio et al, the mean age was 49 years. [24]  

 
 The number of female patients 54.0% were slightly higher than male 

patients 46%. (Table 2).  In the study by M Paul et al, female patients accounted 
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for 55%. [23] In another study by Gedik et al, the number of female patients were 

more. (Table 2)  

 
 Blood culture was found to be positive in 24% of patients. (Table 3)  This 

was similar to study done by Bhattacharyya et al in which BSI was present in 

27% of patients with hematological malignancy [85]. Similar study done by  

Kuntegowdanahalli et al in 2015 showed that BSI culture positivity was 

29.62%.[85]  

 
 AML accounted for majority of the study population and BSI was seen in 

higher proportion in them (62.5%) followed by ALL and CML (16.7%). (Table.4) 

This correlated with the study by Klastersky et al in which 43% BSI was seen in 

AML patients and 23% in ALL patients. [86] Similar study done by Ghosh et al, 

showed higher incidence of BSI in patients with AML. [87]  

 
 Among the BSI positive patients, 15 patients were female (62.5%).  Most 

common age group associated with BSI were 41-50 years (29.1%) and the next 

common age group were between 18-20 years (25%). (Table 5) 

 
 Out of the 24 patients with BSI, 58.3% of BSI positive cases were 

nosocomial acquired and 37.5% were community acquired. (Table 6) In a study 

done by Abhilash et al, 62.6% nosocomially acquired episodes of blood stream 

infection were reported. There was an increase in mortality when the source of 

infection was nosocomial pneumonia. [88] 
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 Co-morbid conditions reported in this study were Renal disease (18.7%), 

Cirrhosis or hepatic dysfunction in (6.2%), Respiratory diseases (6.2%) and 

Cardiac diseases (6.2%). Independent risk factors were Diabetes Mellitus (37.5%) 

and Hypertension (6.2%). Multiple co-morbidities were seen in 11% of patients.  

(Table 7) The presence of comorbid conditions in the incidence of BSI was not 

found to be statistically significant at p -0.44. (Significant at p < .05) 

 
 The incidence of BSI was more in patients who had neutropenia (34.7%) 

than those who had normal neutrophil count during the course of chemotherapy. 

(14.8%). (Table 8) The presence of neutropenia in the incidence of BSI was found 

to be statistically significant at p-0.01. (p < .05) 

 
 This correlated with study by Ramphal et al [42] and Nørgaard et al [43] 

where patients with neutropenia had increased incidence of bacteraemia and were 

associated with an increased mortality.  

 
 Clinically documented infections was observed in 71 patients who 

presented with fever. Among them, BSI was seen in 18 patients (25.3%). In 4 

patients (16.7%), the source of bacteremia could not be identified (primary or 

spontaneous bacteremia). (Table 9) The most frequent source of bacteremia was 

the respiratory tract, seen in (37.5%) patients, the urinary tract (25%), oral 

mucositis (8.3%), skin and soft tissue infections (8.3%) and intraabdominal 

infections (4.1%). In the remaining 23 patients, the origin of fever was probably 

due to viral etiology or other non- infectious origin or progression of the 

underlying disease itself.  
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 In a study by Freifeld et al primary bacteremia was the frequent cause of 

BSI (57%) in patients with febrile neutropenia. [11] BSI were the primary site of 

infection reported in another study by Wisplinghoff et al [15]   

 
 However, some potential sources of infection such as gastrointestinal tract 

or those obtained by invasive procedures such as intraorbital cellulitis / sinusitis / 

pelvic infections were infrequently performed in this study population.  No 

significant differences were observed in regard to sources of infection between 

patients with or without neutropenia.    

 
 In addition to neutropenia, the disruption of mucociliary barriers caused 

due to immunosuppressive chemotherapy and the shift in the inherent microbial 

flora secondary to prolonged antibiotic usage predisposes them to infection. Also, 

the qualitative defects in function of neutrophil seen in hematological malignancy 

also contribute to infections.  [11] 

 

 First-line antibiotics administered was a combination of Piperacillin/ 

Tazobactam with Amikacin for patients admitted for febrile neutropenia. Second-

line antibiotics included were Carbapenems, and third-line antibiotics were 

Colistin or Tigecycline and depended upon the sensitivity pattern of the organism. 

For antifungals, Voriconazole/Fluconazole was used for oral prophylaxis and IV 

Amphotericin B was used as second line antifungal. [85,86] 
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 The majority of organisms causing BSI were found to be Gram-negative 

bacteria. 54% of blood culture isolates were Gram-negative bacilli (GNB), 41.6% 

Gram-positive cocci, and 4.1% were Candida spp. (Table 10)  

  
 In a study by Paul M et al and Gafter-Gvili A et al gram negative 

bacteremia was more common. [23, 62]   Similar studies by Butt T et al [16] and 

another by Chen CY et al [44] also showed higher incidence of gram negative 

bacteremia in hematological malignancy patients.  

 
 The usage of central venous catheters predisposes to an increased risk of 

coagulase-negative staphylococci catheter-related bacteremia. The reason for 

increased Gram negative organisms than Gram positive organisms in blood stream 

is due to infrequent use of central venous catheters and longterm indwelling 

catheters in our setup.  The receipt of total parenteral nutrition via central catheter 

was also observed to be very less. (<2%)  

 
 Western literature have reported higher incidence of Gram positive 

bacteremia as the predominant pathogen in bloodstream infections, [4,51] but 

several studies from India and various developing countries have reported Gram 

negative bacteria as predominant pathogen. Studies by Prabhash K et al [5] another 

by Lungaria et al [89] in India showed Gram negative bacteria as the predominant 

infection in hematological malignancy patients.  
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 Gram negative bacteria isolated from the BSI culture positive cases include 

Pseudomonas aeruginosa (31%), followed by Escherichia coli (23%) Klebsiella 

pneumoniae (23%) and Acinetobacter baumannii (23%) (Table11) 

 
 Among gram negative organisms, Pseudomonas aeruginosa was the most 

common isolate and showed 100% sensitivity to Imipenam, Piperacillin 

Tazobactam, 75% sensitivity to Amikacin, Ciprofloxacin, and 50% sensitivity to 

Ceftazidime. (Table 12) 

 
 In a study done by et al Siddaiahgari S et al, Pseudomonas aeruginosa was 

the most common isolate.  [93] Another study done by Sukhpreet P et al , 

Pseudomonas aeruginosa was the most common isolate among neutropenic 

patients with malignancy. [66]  

 
 Escherichia coli showed 100% sensitivity to Imipenam, Piperacillin 

Tazobactam and 66% sensitivity to Ampicillin, Amikacin and Tetracycline and 

33% to Cefotaxime, Ciprofloxacin and Cotrimoxazole. (Table 12) 

 
 Klebsiella pneumonaie showed 100% sensitivity to Imipenam, Piperacillin 

Tazobactam, 67% sensitivity to Amikacin, Ciprofloxacin, Tetracycline and 33% 

sensitivity to 3rd generation cephalosporin and Cotrimoxazole. (Table 12) 

 
 Acinetobacter baumannii showed 100% sensitivity to Imipenam, 

Piperacillin-Tazobactam, 66% sensitivity to Amikacin, Ciprofloxacin, only 33% 

sensitivity to Cotrimoxazole, Ceftazidime and Tetracycline. (Table 12) 
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 A study by Swati M et al [90] showed high sensitivity pattern of GNB to 

Carbapenems, Piperacillin/Tazobactam and moderate resistance to third 

generation cephalosporins. 

 
 Similar study by Kuntegowdanahalli  et al also reports similar sensitivity 

pattern among GNB. [85]    

 
 Among the mechanism of resistance to cephalosporins, production of 

ESBL was the most common  observed in this study. However no isolate was 

found to be AmpC producer.  

 
 Out of 6 GNB isolates screened for ESBL, 3 (50 %) were found to be 

ESBL positive by screening method and confirmatory tests (Table 13). ESBL 

producers were found in two isolates of Klebsiella pneumoniae and one isolate of 

Escherichia coli. ESBL producing bacteriae were all sensitive to imipenam and 

piperacillin–tazobactam. 

 
 Study by Prabhash K et al showed 15% prevalence of ESBL among 

Enterobacteriaceae.  [5]  In a study by Abhilaish et al, higher prevalence of ESBL 

was similarly reported among other large tertiary care referral centers. ESBL 

production in E. coli and Klebsiella spp. were reported in 73.3% of infections. [88] 

 

 GPC accounted for 41.6% of blood stream infection with Staphylococcus 

aureus as the most common isolate from blood (20.8%). Study by 

Kuntegowdanahalli [85] et al showed similar findings of Staphylococcus aureus as 

the common isolate from blood.  
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 Among gram positive bacteria, Staphylococcus aureus (50%) was the 

commonly isolated organism, followed by CoNS (20)%, and Enterococcus 

faecalis (10%), Streptococcus pyogenes (10%), and Corynebacterium jeikeium 

(10%). (Table 14)    

 
 Staphylococcus aureus showed 100% sensitivity to Vancomycin and 

Linezolid, 80% sensitivity to Amikacin, 60% sensitivity to Ciprofloxacin, 

Erythromycin and Cotrimoxazole, 40% sensitivity to Cephelexin and Penicillin. 

(Table 15) 

 
 The second most common isolate among GPC was Staphylococcus 

epidermidis which was 100% sensitive to Amikacin, Erythromycin, Vancomycin 

and Linezolid, 50% sensitivity to Cephelexin, Penicillin and Cotrimoxazole.  

(Table 15) 

 
 3 isolates of Staphylococcus aureus (42.8%) and 1 isolate of 

Staphylococcus epidermidis (14.2%) were found to be Methicillin resistant. 

(Table 16) The MRSA strains were highly sensitive (100%) to Ciprofloxacin, 

Vancomycin, Linezolid and Clindamycin. The longer duration of hospitalization 

in these patients may selectively enhance the growth of drug resistant pathogens.  

 
 The higher prevalence of methicillin resistance narrows down the list of 

effective antibiotics that can be used in the patients. There was no difference in 

mortality seen between BSI caused by methicillin-resistant isolates, as compared 

with BSI caused by methicillin-susceptible isolates.  
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 Sensitivity to Vancomycin /Teicoplanin was tested by E-strip. All isolates 

showed MIC within sensitivity range (<2µg/ml). (Table 17) 

 
 Similar study by Prabhash K et al showed similar sensitivity pattern of 

Staphylococcal isolates to Linezolid, Vancomycin, Teicoplanin. [5] Studies by 

Lungaria et al [89] and Kunte gowdanahalli [85] et al showed all S. aureus including 

MRSA were highly sensitive to Linezolid, Vancomycin and Teicoplanin.   

 
Enterococcus faecalis was sensitive to Vancomycin, Linezolid and High Level 

Gentamycin and resistant to Penicillin. (Table 15) 

 
 Streptococcus pyogenes was sensitive to Penicillin, Erythromycin and 

Cotrimoxazole and Vancomycin and was resistant to Ciprofloxacin. (Table 15) 

 
  Corynebacterium jeikeium was sensitive to Penicillin, Ciprofloxacin and 

Vancomycin.  (Table 18) 

 
 In spite of high sensitivity of GP organisms to antibiotics in the study 

group, patients with Gram positive bacteremia had 16% mortality rate due to 

severe immunocompromised state, the increased length of stay in hospital and 

associated co-morbid conditions. (Table 21) 

 
 Incidence of fungal infections was very low due to the broad antifungal 

coverage in febrile patients. Candida albicans was isolated in one patient (4.1%) 

and was sensitive to Fluconazole, Voriconazole and Amphotericin B by Disc 

diffusion method and Microbroth dilution method. (Table 19) 
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 In a study by Montagna et al, 59.2% of fungemia were caused by yeasts. 

[93] Another study by Gedik et al among patients with hematological malignancy, 

12.5 times more risk was seen for candidemia in the usage of multiple broad-

spectrum antibiotics. [84] 

 
 The overall mortality rate due to blood stream infection was 28.1% (Table 

20). Patients with microbiologically documented infections had increased 

mortality owing to septicemic shock, disseminated intravascular coagulopathy and 

multiorgan failure. Studies show that the mortality rate for BSI ranged from 18-

42% in patients with hematological malignancy [12,89] 

 

 Patients with BSI due to Gram negative organisms had a higher mortality 

rate (20.8%) than with Gram positive organisms. (16%). (Table 21)  

 
 Similar findings was seen in a study by Siddaiahgari S et al in where Gram 

negative bacteremia had higher mortality (18%) than Gram positive bacteremia 

(5%). [91] Ghosh et al also showed that Gram negative bacteremia had higher 

mortality rate in their study. [87]  

 
 Viral infections are known to cause significant primary infection and 

secondary complications in immunosuppressed patients. [11] Herpes simplex virus 

(HSV) are the most prevalent among viral pathogens that causes reactivation 

especially in neutropenic patients [ 67] 
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 HSV 1/2 IgM antibodies was seen in 8.9% of patients and IgG antibodies 

was seen in 43.3% of patients detected by ELISA. 2 patients were positive for 

both IgM and IgG antibodies. (Table 22) The most common presentation seen 

among patients with hematological malignancy was herpes labialis followed by 

oral mucosal ulcers and ulcers over face. One patient had extensive necrotic ulcers 

over face and neck.  

 
 Study by Lungman P et al showed an increased incidence of HSV 

reactivation (61%) among patients with hematological malignancy. [68] Another 

study by James C Wade showed that HSV infections were reported in 15% among 

CLL and 90% among acute leukemia or stem cell transplant patients. [ 93] Similar 

findings were also seen in a study done by Sukhpreet Singh et al [66]  

 
 Molecular study for the presence of HSV -1 gene was performed in twenty 

samples and was found to be negative. These patients had clinical presentation of 

sepsis and were bacterial and fungal culture negative. HSV-1 semi-nested PCR 

was performed at Helini Biomolecules, Chennai. 

 
 In a study by William et al, HSV type1 viremia in hematological 

malignancy patients was seen owing to infected leukocytes regardless of the 

presence of serum antibody and may or may not be associated with disseminated 

lesions. [69] 

  



93 
 

 

 Strengths of this study includes the prospective nature of the study with a 

number of BSI episodes in hematological malignancy patients.  

 
 Limitations are it is a single center study and factors that might have had 

influence in the causation of pathogens and outcome in patients with BSI 

(duration of neutropenia or stage of underlying malignancy) were not assessed in 

detail. 

 

 

  



Summary 
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SUMMARY 

 
1) The incidence of BSI in patients with hematological malignancy patients 

was 24%.  

2) Patients with AML accounted for majority of the study population (42%) 

and BSI was seen in higher proportion in them (62.5%)  

3) Most common age group associated with BSI were 41-50 years (29.1%) 

and the next common age group were between 18-20 years (25%). 

4) 58.3% of BSI positive cases were nosocomial acquired and 41.7% were 

community acquired. 

5) Incidence of BSI was found to be higher, 34.7% in patients who were 

neutropenic during the course of chemotherapy.  

6) The most frequent source of bacteremia was the Respiratory tract (37.5%), 

followed by urinary tract (25%). In 4 patients, (16.7%) primary blood-

stream infection was documented. 

7) Among the bacterial isolates, Gram negative organisms were found to be 

predominant (54.1%), while Gram positive organisms constituted 41.6%.   

8) Pseudomonas aeruginosa (16.6%), Escherichia coli (12.5%), Klebsiella 

pneumoniae (12.5%) and Acinetobacter baumannii (12.5%) were reported.  

9) GNB isolates showed 100% sensitivity to Imipenem and Piperacillin 

Tazobactam and resistance was reported to Ciprofloxacin, Cotrimoxazole, 

Cefotaxime and Tetracycline. 

10) ESBL production was detected in 3/6 isolates among Enterobacteriaceae.  
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11) Gram positive organisms constituted 41.6% of the isolates. Staphylococcus 

aureus was the most frequent organism (20.8%) out of which three isolates 

were Methicillin Resistant.  

12) Staphylococcus epidermidis (8.5%) Streptococcus pyogenes (4.1%) 

Enterococcus faecalis (4.1%), Corynebacterium jeikeium (4.1%) were 

reported. All the isolates were showing 100% sensitivity to Vancomycin 

and Linezolid.   

13) Candida albicans was isolated in 1 patient and was sensitive to 

Voriconazole, Itraconazole and Amphotericin B.  

14) HSV 1/2 IgM antibodies was seen in 8.9% of patients and IgG antibodies 

was seen in 43.3% of patients detected by ELISA.  

15) The overall mortality rate in patients with BSI was 28.1%.  

 

  



Conclusion 
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CONCLUSION 

 

 Early diagnosis and appropriate treatment of blood stream infection should 

be based on current knowledge of antimicrobial profile of locally prevalent 

organisms in the hospital. Blood cultures and antimicrobial sensitivity testing as 

per protocol for the isolates is very useful in curtailing the infection earlier in 

hematological malignancy patients under chemotherapy.  

 
 The severity of malignant hematological disease, intensive 

immunosuppressive chemotherapy, duration of neutropenia, resistant mechanisms 

in bacteria contributed to the mortality among patients with BSI.  

 
Continual surveillance of the resistant pathogens in these hematological 

malignancy patients and antimicrobial therapy will add to improve the survival 

rate of patients with sepsis. The emergence of ESBL’s and the resistant pattern of 

organisms in the study group, warrants a strict antibiotic surveillance along with 

the help of infection control team.  

 
 The availability of an updated data on resistance pattern of commonly 

encountered bacteria is useful in planning empirical treatment strategies, thus 

helps in devising effective antimicrobial stewardship program in the hospital.  
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COLOUR PLATE2:  METHICILLIN RESISTANT STAPHYLOCOCCUS 
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COLOUR PLATE 3: STAPHYLOCOCCUS AUREUS SHOWING SENSITIVE 
PATTERN TO VANCOMYCIN AND TEICOPLANIN BY E-STRIP METHOD 

 

 
 
 
 

COLOUR PLATE 4: PHENOTYPIC CONFIRMATORY TEST FOR ESBL 
PRODUCTION 

 

 



 
COLOUR PLATE 5: ANTIBIOGRAM OF PSEUDOMONAS AERUGINOSA 

 

 
 
 

COLOUR PLATE 6: CHROME AGAR PLATE SHOWING CANDIDA 
ALBICANS( light green colonies) 

 

 



 
COLOUR PLATE 7: ANTIFUNGAL SUSCEPTIBILITY TESTING OF 

CANDIDA ALBICANS BY MICROBROTH DILUTION METHOD 
 
 

 
 

Sensitive to Amphotericin B, Voriconazole and Fluconazole 
 
 

COLOUR PLATE 8: CORN MEAL AGAR PLATE WITH TWEEN 80 
SHOWING TERMINAL CHLAMYDOSPORES OF CANDIDA ALBICANS  

 

 
  



COLOUR PLATE 9 : HERPES LABIALIS FROM A PATIENT WITH CML  
 

 
 
 
 

NECROTIC HERPETIC LESIONS OVER FACE AND NECK IN A PATIENT 
WITH AML 

 

 
 
 
 

  



COLOUR PLATE 10: ELISA KIT  AND MICROTITER PLATE SHOWING 
POSITIVE IgM HSV1/2 

 

 
 
 

 
 

  



 

 

COLOUR PLATE 11:ELISA  MICROTITER PLATE OF  HERPES SIMPLEX 

VIRUS 1&2 IgG 
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APPENDIX -1 

ABBREVIATIONS 
1. ALL  -  Acute Lymphoid Leukemia 

2. AML  -  Acute Myeloid Leukemia  

3. ARDS  -  Acute Respiratory Distress Syndrome  

4. ATCC  -  American Type Culture Collection. 

5. BSI   -   Blood Stream Infections 

6. CFU  -  Colony Forming Unit 

7. CLL  -   Chronic Lymphocytic Leukemia 

8. CLSI  - Clinical Laboratory Institute Standards. 

9. CML  - Chronic Myeloid Leukemia 

10. CONS   - Coagulase Negative Staphylococcus 

11. CRBSI  -  Catheter-Related Blood Stream Infections. 

12. CRP -  C reactive protein 

13. CVC   - Central Venous Catheters;  

14. CDC   -  Center for Disease Prevention and Control  

15. EORTC  - European Organization for Research and Treatment  

  of Cancer 

16. ESBL  - Extended-Spectrum Beta-Lactamase  

17.  EUCAST - European Committee on Antimicrobial Susceptibility  

  Testing  

18. FDA  -  Food and Drug Administration  

19. FN - Febrile Neutropenia 

20. FQs   - Fluoroquinolones 

21.  GNB - Gram Negative Bacilli 



22. GPC - Gram Positive Cocci  

23. HSCT  - Hematopoietic Stem Cell Transplantation 

24. ICU  - Intensive Care Unit  

25. IDSA  - Infectious Diseases Society of America  

26. MASCC   - Multinational Association for Supportive Care in Cancer  

27. MBI  - Mucosal Barrier Injury 

28. MBL - Metallo Beta Lactamase. 

29. MDR   - Multidrug Resistant  

30. MIC - Minimum Inhibitory Concentration 

31. MRSA   - Methicillin-resistant Staphylococcus aureus   

32. NCCN  - National Comprehensive Cancer Network  

33. NHL  - Non-Hodgkin’s Lymphoma 

34. PCR   - Polymerase Chain Reaction  

35. PCT   - Procalcitonin  

36. PICC   - Peripherally Inserted Central Catheter  

37. PMN - Polymorphonuclear Neutrophils. 

38. PYR  - Pyrrolidonyl-Beta-Naphthylamide 

39. RPMI - Rosewell Park Memorial Institute 

40. SDA - Sabouraud Dextrose Agar. 

41. SIRS   - Systemic Inflammatory Response Syndrome  

42. Spp - species 

43. UTI  - Urinary Tract Infection. 

44. VGS   - Viridans Group Streptococci  

45. VRE   - Vancomycin-resistant enterococci 
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APPENDIX II 

A. STAINS AND REAGENTS 
 
1. Gram Staining 

Smear is prepared on a clean glass slide, air dried and heat fixed. 
Smear is covered with 1% Methyl violet for 1 min. 
Washed with water and covered with Gram’s iodine for 1min. 
Washed with water and decolourized with acetone for few seconds till the colour of 
the draining fluid remains clear.  
Washed with water and counterstained with dilute carbol fuchsin for 30 seconds. 
Washed with water, dried and observed under oil immersion. 

 
B. MEDIA USED 
1. MacConkey Agar  

Peptone                    20gm 
Sodium taurocholate                                     5 gm 
Lactose, 10% aqueous solution                      100 ml 
Neutral red solution, 2% in 50% ethanol       3.5 ml 
Agar 20 gm 
Distilled water 1000 ml 
pH                  7.4 

 
 All the ingredients except lactose were dissolved in distilled water by heating. The 
pH was adjusted to 7.4 and neutral red solution was added along with lactose. Sterilized 
by autoclaving at 121°C for 15 minutes and plates were poured. 
 
2. 5% sheep Blood Agar plate 

Peptone                      10gm 
Nacl                            5 gm 
Agar                           10gm 
Distilled water         1000 ml 

 
 This medium was prepared by adding 5 ml of sterile defibrinated sheep blood (5%) 
to 100 ml of Nutrient agar that had been melted and cooled to 50°C in a water bath. 
 
3. Cation adjusted Mueller-Hinton Agar plate 

Beef infusion                      300 ml 
Casein hydrolysate             17.5 gm 
Starch                                   1.5 gm 
Agar                                      10 gm 
Distilled water                   1000 ml 
 

  Starch was emulsified in small amount of cold water; beef infusion was poured, 
followed by addition of casein hydrolysate and agar. The constituents were dissolved by 
heating gently at 100°C with agitation. The pH was adjusted to 7.4 and sterilized by 
autoclaving at 121°C for 15 minutes and plates were poured. 



 
4. Phenolphthalein diphosphatase agar 
 Sterilize 1% of aqueous solution of sodium phenolphthalein diphosphate by 
filtration and store at 4°C. Add 10 ml of this solution in 100ml of melted nutrient agar, 
cooled to 50°C and pour plates. The test organism is inoculated and plate is incubated at 
37°C overnight. Invert the plates and pour few drops of ammonia solution SG 0.88 into 
the lid. The culture is positive when the colonies turn pink in a few minutes. The colour 
soon fades away. 
 
5. Sabouraud’s Dextrose Agar 
 Dextrose                                40 gm 

Peptone                                 10 gm 
Agar                                      15 gm 
Distilled water                   1000 ml 
pH                                         5.6 
 

 The ingredients were dissolved in distilled water by boiling and autoclaved at 
121°C for 15 minutes. Then dispensed in tubes and allowed to cool in slanted position. 
 
6. Cornmeal Agar  

Cornmeal                               40 gm 
Tween 80                               10 ml 
Agar                                       20 gm 
Distilled water                    1000 ml 
 

 Cornmeal was mixed with 500 ml of water and heated to 65°C for 1hour. Filtered  
through a gauze and pH was adjusted to 6.6 to 6.8, then agar was added dissolved in 
water, followed by tween 80. Plates were poured after autoclaving at 121°C for 15 
minutes. 
 
7. Preparation of Yeast nitrogen base for Sugar assimilation test 
 Yeast nitrogen base          6.7 gm 
 Distilled water                  100 ml 

Sterilized by filtration and stored at 4°C. 
Agar                                       20 gm 
Distilled water                      980 ml 
 

 Dispensed in 18 ml quantities, autoclaved at 121°C and stored at 4°C. 
 
8. Trypticase soy broth 

Tryptone  17 gm 
Phytone  3gm 
Sodium chloride  5 gm 
Dipotassium phosphate  2.5 gms 
Glucose  2.5 gms 
Distilled water  1000 ml 

 
 The ingredients are dissolved under gentle heat and sterilized by autoclaving at 
121°C for 15 min at 15 psi. 
 



9. RPMI 1640 broth 
 Dissolve 10.4 gm of RPMI 1640 powder and 34.5 gm MOPS buffer in 900 ml 
sterile distilled water. Adjust pH to 7.0 using 4M NaOH. Make up to 1 litre with sterile 
distilled water. Filter sterilize using 0.22 µ filter. Check sterility and store at 4°C. 
 
C. MEDIA REQUIRED FOR BIOCHEMICAL REACTIONS 
 
1. Oxidase test 
 Filter paper soaked in oxidase reagent 1% Tetra methyl p-phenylene diamine 
dihyrochloride is placed in a petridish and the colony to be tested is smeared on it using a 
sterile glass rod.  Development of purple colour in 10 seconds is interpreted as a positive 
test. 
 
2. Catalase test 
 A single colony to be tested is picked up with a sterile glass rod and inserted into a 
clean glass tube containing 3% (V/V) hydrogen peroxide solution. Production of gas 
bubbles is interpreted as positive test and no gas bubbles as negative test. 
 
3. Coagulase test 
 Slide coagulase test: a clean glass slide is divided into 2 portions with a glass 

marking pencil. A drop of normal saline is added to each portion. A colony of the test 
organism is picked up with a bacteriological loop and emulsified in each of the two 
drops. A drop of undiluted plasma is added to one of the suspensions. Clumping 
indicates the strain is coagulase positive. 

 
 Tube coagulase test: To 1 ml of 1:6 diluted plasma 0.1 ml of broth culture of test 

organism is added and incubated at 37°C for 2- 4hrs. Positive test is indicated when 
the coagulum formed does not flow out of the tube when it is tilted. 

 
4. Indole test 
  Peptone                                            20gm 
  Sodium chloride                                 5 gm 
     Distilled water                              1000 ml 
     pH                                                   7.4 
 
Dispensed in tubes and sterilized by autoclaving at 121°C for 15 minutes. 

Kovac’s reagent 
Amyl/ Isoamyl alcohol                     150 ml 
P-Dimethyl-aminobenzaldehyde       10 gm 
Concentrated, Hydrochloric acid       50 ml 
Aldehyde was dissolved in alcohol and slowly acid was added. 
Method: The medium was inoculated and incubated at 37°C for 24 hours.0.5 ml of 
Kovac’s reagent was added gently. Positive: Red colored ring. Negative: Yellow 
colour 
 

5. Triple sugar Iron Medium 
Beef extract                               3 gm 
Yeast extract                              3 gm 
Peptone                                     20gm 
Glucose                                      1 gm 



Sucrose                                        10 gm 
Lactose                                        10 gm 
Ferric citrate                               0.3 gm 
Sodium chloride                            5 gm 
Sodium thiosulphate                   0.3 gm 
Agar                                             12 gm 
Phenol red, 0.2% solution            12 ml 
Distilled water                          1000 ml 
 

 The solids were dissolved by heating; indicator solution was added and poured in 
tubes. Sterilized by autoclaving at 121°C for 15 minutes and cooled to form slopes to 
form deep (3 cm) butts. 
 
6. Nitrate reduction test 

Potassium nitrate                   0.2 gm 
Peptone                                     5 gm 
Distilled water                    1000 ml 
 
Dispensed in 5 ml tubes and autoclaved at 121°C for 15 minutes. 
 
Test reagent  : Solution A: Sulfanilic acid 
                       Solution B: α-naphthylamine 
 

 Solution A and B were mixed in equal amounts just before use to prepare the test 
reagent. The medium was inoculated and incubated for 96 hours. 0.1 ml of test reagent 
was added to the culture. A red colour developing within minutes indicated the presence 
of nitrite and hence the ability of organism to reduce nitrates. 
 
7. Hugh- Leifson’s Oxidation /Fermentation test 

Peptone                                          20gm 
Sodium chloride                     5 gm 
Dipotassium hydrogen phosphate 0.3 gm 
Bromothymol blue (1% aqueous solution) 3 ml 
Agar                                3gm  
Distilled water                        1000 ml 

 
 Duplicate tubes of medium are inoculated by stabbing; one tube is promptly 
covered with a layer of sterile melted petroleum jelly to a depth of 5-10 mm and both are 
incubated at 37°C for up to 30 days.  
 
8. Christensen’s urease medium 

Peptone                                   1gm 
Sodium chloride                   5 gm 
Dipotassium hydrogen phosphate      2 gm 
Phenol red                            6 ml 
Agar                                     20gm  
Distilled water                           1000 ml 
10% sterile glucose solution        10ml 
20% urea solution                       100 ml 



 Sterilize the glucose and urea solutions by filtration. Prepare basal medium without 
glucose and urea and adjust pH to 6.8-6.9 and sterilize by autoclaving in a flask at 121°C 
for 30 min. Cool to 50°C, add glucose and urea and tube the medium as slopes. 
 
9. Simmon’s citrate medium 
 Koser’s medium                       1000ml 
 Agar                                           20 gm 

Bromothymol blue 0.2%            40 ml 
Dispense, autoclave at 121°C for 15 min at 15 psi and allow to set as slopes. 
 

10. Glucose phosphate broth 
Peptone                                 5gm 
Dipotassium hydrogen phosphate    5 gm 
Distilled water               1000 ml 
10% Glucose solution                   50 ml 
 

 Dissolve the peptone and phosphate and adjust the pH to 7.6. Filter, dispense in 5 
ml amounts and sterilize by autoclaving at 121°C for 15 min at 15 psi. Sterilize glucose 
solution by filtration and add 0.25 ml to each tube. 
 
Methyl red reagent 

Methyl red                 10gm 
Ethyl alcohol              30 ml 
Distilled water           20ml 

 
Voges Proskauer reagent 

Reagent A: Alpha naphthol     5gm 
                     Ethyl alcohol     100 ml 
 
Reagent B: Potassium hydroxide       40 gm 
                     Distilled water             100 ml 

 
11. Phenylalanine deaminase test 
 Yeast extract                                  3gm 
       DL phenylalanine                          2 gm 
       Di sodium hydrogen phosphate     1 gm 
           Sodium chloride                             5gm 

Agar                                               12 gm 
Distilled water                                 1000ml 
pH                                                 7.4 

 
Distributed in tubes and sterilized by autoclaving at 121°C for 15 min at 15 psi, allowed 
to solidify as long slopes. 
 
12. Aminoacid decarboxylase and arginine dihydrolase test 

Peptone                           5gm 
Meat extract             5 gm 
Glucose          0.5 gm 
Pyridoxal                                                 5 mg 
Bromocresol purple (1in 500 solution)      5 ml 



Cresol red (1in 500 solution)                    2.5 ml 
Distilled water                                 1000ml 

 
 Dissolve the solids in water and adjust the pH to 6 before the addition of indicators. 
Divide the basal medium into four portions and treat separately as follows: add 1% L-
lysine hydrochloride, add 1% L-ornithine hydrochloride, add 1% L-arginine 
hydrochloride, No additions. Distribute in 1ml amounts in small test tubes containing 
sterile liquid paraffin to provide a layer about 5mm above the medium. Sterilize by 
autoclaving at 121°C for 15 min at 15 psi. 
 
13. Bile esculin Hydrolysis test 
 Meat extract              3 gm 
 Peptone                     5 gm 
 Ox bile purified and dehydrated          10 gm 
 Esculin   1gm 
 Ferric ammonium citrate    0.5 gm 
 Sodium chloride                             5gm 
 Agar                                               15 gm 
 Distilled water                                 1000ml 
 
 While heating, dissolve the meat extract, peptone, Nacl and agar in 400 ml water, 
the ox bile in 400ml, the ferric ammonium citrate in 100ml. Mix the solutions, adjust to 
pH 7.0, autoclave at 121°C for 15 min and cool to 50 °C. Dissolve the aesculin in 100 ml 
water, sterilize by filtration, and add to the basal medium at 50 °C , dispense as slopes 
and store at 4 °C. 
 
14. Carbohydrate Fermentation media 
 To the basal medium of peptone water, add sterilized sugars of 1% and indicator 
bromothymol blue.  
 
 Sugars to be tested generally are: Glucose, Sucrose, Lactose, Maltose, Mannitol. 
Distribute 3ml amounts in standard test tubes with inverted Durham’s tube. Sterilize by 
steaming at 100°C for 30 min on 3 consecutive days. 
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ANNEXURE-II 

PROFORMA 

 Name :                                                                       OP NO/IP NO: 
 Age/Sex: 
 Address: 
 Symptoms:  

o Fever  
o Cough  
o Dyspnea  
o Diarrhea 

 Primary hematological malignancy 

 Chemotherapy protocol: Induction/Maintenance 

 Post chemotherapy day of presentation 

 Central catheter in situ 

 Total parenteral nutrition 

Personal history: 

Occupation: 

Alcohol intake/Cigarette smoking: 

Past medication: antibiotic/antifungal prophylaxis 

Associated factors: 

• Known tuberculosis patient /HIV 

• Hepatitis B/C 

• Diabetes mellitus 

• Hypertension 

•General examination: 

Diagnosis: 

 

Laboratory evaluation: 

Biochemical parameters 

 Plasma glucose levels  

 LFT  

 RFT 



Hematological investigations: 

 TC 

 DC 

 Absolute Neutrophil Count  

 Hb estimation 

 Peripheral Smear 

 

Microbiological investigation: 

Sample collected: Blood sample  

BHI broth appearance: 

Growth observed 

MAC:        BAP:         SDA:                     

Gram stain:         

Microscopic features on LPCB: 

Isolate identified in the sample: 

Antimicrobial susceptibility pattern: 

Serology:  

HSV IgM  

HSV IgG 

  



ANNEXURE-III 

INFORMATION SHEET 

 

STUDY TITLE: “A study on microbiological profile of bloodstream 
infections and the seroprevalence of Herpes Simplex Virus in hematological 
malignancy patients in a tertiary care hospital” 
 
INVESTIGATOR: Dr. Angel Chellappa 
                                 Post Graduate,  
            Institute of Microbiology, 

          Madras Medical College, 
         Chennai - 600003. 

 
GUIDE:                Dr. S. Mangala Adisesh, M.D. 
                              Professor of Microbiology and Director i/c 
                              Institute of Microbiology, 
                              Madras Medical College, 

        Chennai 600 003. 
 

Patients with hematological malignancies are at increased risk of bacterial and 

fungal infections. Sepsis is a major cause of mortality during the neutropenic 

phase of chemotherapy and early antibiotics administration of infecting pathogens 

remains main stay of treatment.  

 I am going to collect blood samples from the study population. 100 

patients are included in this study after getting informed consent only. This study 

is entirely voluntary and patient can withdraw any time from this study. Extra cost 

will not be incurred to the patients in this study. Any doubt regarding this study 

will be willingly clarified. Results of the study will be published. In case of any 

doubt, please contact Dr. Angel Chellappa Contact no 9791108044.  

 

Signature of investigator                                     Signature of participant 

Date: 

  



PATIENT CONSENT FORM 

TITLE OF THE STUDY: “A study on microbiological profile of bloodstream 
infections and the seroprevalence of Herpes Simplex virus in hematological 
malignancy patients in a tertiary care hospital” 
Name :        Date  : 

Age :        OP No/IP No :
  

Sex :        Project Patient No: 

Documentation of the informed consent 

I _____________________________ have read the information in this form (or it has 
been read to me). I was free to ask any questions and they have been answered. I hereby 
give my consent to be included as a participant in “A study on microbiological profile 
of bloodstream infections and the seroprevalence of Herpes Simplex virus with 
hematological malignancies in a tertiary care hospital” 
 
I have read and understood this consent form and the information provided to me. 

1. I have had the consent document explained to me. 
2. I have been explained about the nature of the study. 
3. I have been explained about my rights and responsibilities by the investigator.  
4. I have been informed the investigator of all the treatments I am taking or have taken 

in the past ________ months including any native (alternative) treatment. 
5. I have been advised about the risks associated with my participation in this study. 
6. I agree to cooperate with the investigator and I will inform him/her immediately if I 

suffer unusual symptoms. 
7. I have not participated in any research study within the past ________ month(s). 
8. I am aware of the fact that I can opt out of the study at any time without having to 

give my reason and this will not affect my future treatment in this hospital. 
9. I am also aware that the investigator may terminate my participation in the study at 

any time, for any reason, without any consent. 
10. I hereby give permission to the investigators to release the information obtained from 

me as result of participation in this study to the sponsors, regulatory authorities, 
Govt. agencies, and IEC. I understand that they are publicly presented. 

11. I have understand that my identity will be kept confidential if my data are publicly 
presented. 

12. I have had my questions answered to my satisfaction. 
13. I have decided to be in the research study. 
 

I am aware that if I have any question during this study, I should contact the investigator. 
By signing this consent form I attest that the information given in this document has been 
clearly explained to me and understood by me, I will be given a copy of this consent 
document. 

  



For participants: 

Name and signature / thumb impression of the participant (or legal representative if 

participant incompetent. 

Name _______________________ Signature________________ Date___________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

Name _______________________ Signature________________ Date___________ 

 

Address and contact number of the impartial witness: 

Name and Signature of the investigator or his representative obtaining consent: 

Name _______________________ Signature________________ Date___________ 

  



Master Chart 
  



S. NO IP No. AGE SEX Diagnosis Organisms Isolated Comorbid
Neutro
penia

AK 
(30μg)

CIP 
5μg)

CTX 
(30μg)

CAZ 
(30μg)

PEN 
(10U)

AMC 
(20/10μ

g

AMPI 
(10μg)

ERY 
(15µg)

COTRI 
(1.25/23.75

μg)

CEFO 
XITIN

HLG 
(120 
μg)

VAN 
(MIC)

VAN 
(30μg)

IMP 
(10μg)

PT 
(100/1
0μg)

LZ 
(30µg)

TETRA 
(30μg)

ESBL MRSA
VRC/FL
UC/Am

po B

HERPES 
IgM

HERPES 
IgG

1 14559 48 F AML no growth nil Y
2 14177 28 F AML no growth nil Y
3 17342 26 F AML no growth nil N

4 16763 38 F AML
Klebsiella pneumoniae 

(ESBL)
nil Y R S R R - - - - R - - - - S S - R +

5 17229 43 M AML
Pseudomonas 

aeruginosa
AKI Y S S - R - - - - - - - - S S - - +

6 10858 42 F CML no growth nil N
7 7432 18 F ALL no growth nil Y +

8 17378 57 F CLL no growth
Dilated 

cardiomyopathy
Y +

9 10508 66 F CML no growth DM Y +
10 116201 29 M AML no growth nil N
11 10423 24 M ALL no growth Nil N

12 17830 18 M ALL Klebsiella pneumoniae Tuberculosis N S S S S - - - - R - S S - S +

13 16320 19 F AML
Pseudomonas 

aeruginosa
nil Y S S - S - - - - - - - - S S - - +

14 13614 26 F
Hairy cell 
leukemia

no growth nil N +

15 11739 24 F ALL no growth Hypothyroidism N +

16 11481 19 F ALL
corynebacterium 

jeikium
nil Y - - - - S - S - - - S - - - - -

17 17213 40 M ALL no growth HTN/DM N +
18 7453 39 M AML no growth Renal failure N

19 16267 58 M CML
Staphylococcus aureus 

(MSSA)
DM Y R - - - S S - S S S S - - - S - +

20 13717 26 F AML no growth AKI Y +

21 13829 42 F ALL streptoccus pyogenes nil Y - S - - S R - S S - - - S - - - - +

22 17836 55 F ALL no growth CAD N +
23 17598 19 M AML no growth facial palsy Y + +
24 17830 20 F ALL no growth nil Y
25 23557 21 M ALL no growth nil N

26 12391 50 F CML
Staphylococcus 

epidermidis(MR)
Cardiac failure Y S S R - R S - S S R - S - - - S - + +

27 19604 65 F AML no growth DM Y

28 21137 70 F AML
Klebsiella 

pneumoniae(ESBL)
Renal failure N S R R R - - - - S - - - - S S - S + +

29 38160 49 M AML no growth Tuberculosis N

30 50226 50 M CML
Staphyloccus aureus 

MRSA
DM Y S - - - R R - R - R - S - - - S - +

31 25910 40 M AML
Staphyloccus aureus 

MRSA
Asthma N S S - - R S - S S R - S - - - S - + +

32 20814 32 F AML
Pseudomonas 

aeruginosa
nil N S R - S - - - - - - - - - S S - - +

33 55815 26 F AML no growth AKI Y +
34 50801 32 F CML no growth nil N +
35 51417 45 F AML/MDS Candida albicans CAD N S

36 26310 41 F CLL
Staphylococcus 

epidermidis(MS)
DM/HTN N - R S - S S - S R S - S - - - S - +

37 48409 18 M ALL no growth nil Y +

38 56387 58 M CML no growth HCV/Liver disease N +

39 49157 20 F ALL no growth nil Y
40 48209 24 M CML no growth Nil Y +
41 51249 20 F APML no growth nil N
42 51312 35 F ALL no growth DM/HTN Y

43 51641 26 F AML
Acinetobacter 

baumannii
HTN Y R S R R - - - R - - - - S S R - - +

44 48847 20 F ALL
staphylococcus aureus 

(MSSA)
Tuberculosis Y S - - - S S - R R S - S - - - S -

45 40 F AML no growth Hypothyroidism Y
46 49548 18 M ALL no growth nil N



47 56580 51 M CLL no growth Herpes lesions Y +
48 54357 65 M AML no growth DM N +

49 53642 28 M CML
staphylococcus aureus 

MRSA
nil Y S S - - R S - S - R - S - - - S - +

50 56098 18 F ALL no growth nil Y
51 52369 18 F ALL no growth nil N
52 61808 45 F AML Escherichia coli DM/HTN Y S R S S - - S - S - - - - S S S +

53 54056 35 F CML no growth
Invasive pulmoary 

aspergillosis
Y +

54 51312 35 F aml no growth DM/HTN N +
55 59349 19 F ALL no growth Fungal sinusitis N
56 59790 20 F ALL no growth nil N +
57 60331 46 F AML no growth Herpes lesions Y + +
58 53336 59 M AML no growth Hypothyroidism Y +

59 54112 31 M ALL no growth
Acute renal 

failure
Y +

60 54812 43 F APML no growth nil N
61 34203 60 F AML Enterococcus Fecalis DM/CAD Y S - - R - R R S S S S - - S - +
62 61134 46 M ALL no growth DM Y +
63 61137 28 M CML no growth nil N +
64 55183 65 M AML no growth CLD Y

65 56089 18 M 
T cell 

lymphoma
no growth nil N

66 59885 61 M CLL no growth COPD Y
67 61166 57 M CML no growth HTN N

68 57117 65 M CML no growth
Decompensated 

liver disease
N

69 59966 45 F
Multiple 
myeloma

no growth Asthma N

70 61084 20 F AML
Acinetobacter 

baumannii
AKI N S R S S - - - - R - - - - S S - R - -

71 61117 45 F CML no growth DM Y

72 61149 34 M 
Non 

hodgkins 
lymphoma

no growth Nil N

73 61230 55 M AML no growth HTN N
74 61856 27 M AML Escherichia coli AKI N R R S S - - R - R - - - - S S - R
75 60213 34 F AML no growth Herpes lesions N +
76 68150 46 M AML no growth nil N +
77 30821 18 F ALL no growth nil N

78 61408 30 M 
Non 

hodgkins 
lymphoma

no growth nil Y +

79 65162 65 M 
Non 

hodgkins 
lymphoma

no growth Liver failure N

80 63247 19 M AML/MDS no growth Fungal sinusitis N
81 64178 32 M AML no growth Asthma Y +
82 61690 45 M APML no growth DM N
83 65542 43 F AML no growth DM Y +
84 65414 25 F AML/MDS no growth Herpes Zoster N +

85 70138 28 M AML
Acinetobacter 

baumannii
nil Y S S R R - - - - S - - - - S S - S - -

86 72190 42 F
Non 

hodgkins 
lymphoma

no growth DM N

87 89395 55 F CML no growth CAD/DM N

88 82189 30 M
T cell 

lymphoma
no growth nil N

89 53548 56 M AML Escherichia coli (ESBL) DM Y S S R R - - S - R - - - - S S - S +

90 67695 18 F ALL no growth nil N
91 56144 56 M AML no growth HTN Y

92 86632 19 m AML
Pseudomonas 

aeruginosa
nil Y R S - R - - - - - - - - - S S - -



93 55252 18 M
burkitts 

lymphoma
no growth Nil N

94 92245 18 F ALL no growth nil N
95 79600 52 F AML no growth DM Y

96 61165 55 M
multiple 
myeloma

no growth HTN N

97 61117 54 M CLL no growth nil N
98 48094 38 M CLL no growth nil N +
99 97092 50 F AML no growth nil N

100 233216 32 F AML No growth nil N +



KEY TO MASTER CHART 

M - Male 

F -  Female 

S -  Sensitive 

R -  Resistant 

Ampi -  Ampicillin 

AK -  Amikacin 

AMC -  Amoxycillin Clavulanate 

Cip -  Ciprofloxacin 

Cotri -  Trimethoprim/ Sulfamethoxazole 

CTX -  Cefotaxime 

CAZ -  Ceftazidime 

TE -  Tetracycline 

IPM -  Imipenem 

PT -  Piperacillin-Tazobactam 

P -  Penicillin 

HLG -  High-level Gentamicin 

LZ -  Linezolid 

Vanco -  Vancomycin 

FLU -  Fluconazole 

VRC -  Voriconazole 

AMB - Amphotericin B 

ESBL -  Extended Spectrum Beta Lactamase 

MR -  Methicillin Resistance 

HSV -  Herpes Simplex Virus 
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