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Abstract
Aim:
To study the profile of microbial infections in acute myeloid leukemia and acute lymphocytic leukemia patients undergoing induction therapy , to understand the role of infections and  antimicrobial resistance in increasing  mortality.
Methodology:
Leukemia patients undergo induction therapy as the first line of treatment during which they may develop infections. Fever appears to be the  first symptom of infection.The infections are typically confined to blood stream, throat ,gastro intestinal tract and respiratory tract.  Samples from infected patients were collected, tested and analyzed to identify the pathogens and find  their antibiotic sensitivity .The study is being carried out since mid 2025.
Results:
25 patients Acute Lymphocytic Leukemia and 4 Acute Myeloid Leukemia were studied in the present research till date. Patients were categorized based on age children-19(below 15 years, young adults-2(16-23yrs), adults-4(41-60Yrs). Out of 25 patients ,1 patient(11years,female) passed away due to shortness of breath .Out of 4 AML patients one female patient showed no signs of improvement after chemotherapy for 2 months and eventually passed away after discharge.
 

Interpretation:
The research shall assist health care providers to understand microbial infection patterns in patients undergoing induction therapy and helps to implement innovative strategies in infection control and antibiotic therapy ,there by  reducing hospital stay and infection related mortality in patients.
Graphical Representation
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Introduction:
Cancer is an ailment caused by the uncontrolled growth of cells in the body(Weinberg,1996).Proto-oncogenes regulate cell growth, multiplication and cell death (apoptosis).In few instances,proto-oncogenes  mutate to form oncogens. Oncogenes cause cells to escape apoptosis and grow rapidly, spreading to surrounding tissues forming lump or group of cells known as tumor. Among the population of cells present in tumors,cancer stem cells(CSC) play a crucial role in development of cancer,(papaccio,2017) also named as Tumor and  Neoplasm. Tumors are composed of different types of cells that contribute to tumor diversity (Papaccio F,2017). 
Mechanisms of Carcinogenesis: The process of normal cells altering into cancer cells isknown as carcinogenesis. Mutations in critical genes produce tumors.Mutations in the tumour-suppressor gene p53 are responsible for about half of human tumors(Joerger,2007). DNA lesions (damaged bases or chromosome breaks) also cause mutations when the cell divides. Thus endogenous DNA damage is found to be high. The mutagenic effectiveness of a particular lesion depends on its rate of excision by DNA repair enzymes and on the probability that it gives rise to a mutation when the cell divides. Cell division is a critical factor in mutagenesis, because when the cell divides a DNA lesion can give rise to a point mutation, deletion, or translocation.Cell cycle checkpoints are suggested to prevent division of cells with too many DNA lesions, thus inhibiting the formation of mutations (Papaccio et. al , 2017). 
Hematopoietic cell lineage: HSCs are hematopoietic stem cells that differentiate into various hematopoietic cells such as platelets, erythrocytes ,granulocytes, macrophages, T cells and B cells(Morrison et al 1995).HSCs are found in organs like  peripheral blood (PB), bone marrow (BM) and umbilical cord blood (UCB).The hematopoietic lineage is divided into the myeloid and lymphoid arms.(Mikkola et al 2006).


Fig :1 Hematopoietic Cell Lineage showing formation of different cells.(Eaves,et al 2015).
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Leukemia:
Blood cells like erythrocytes, white blood cells and platelets are formed from bone marrow.Leukemia is a cancer of blood cells usually white blood cells that are formed through myeloid lineage from stem cell precursors(Davis, 2014). The white blood cells formed from the bone marrow are immature or abnormal due to genetic mutations(Papaemmanuil E. , 2016).These abnormal white blood cells known as blast cells increase rapidly thus replacing the number of healthy red blood cells and platelets. The immature WBC formed from uncontrolled cell division fail to fight against infections. Leukemia is the most prevalent cancer in adults above 60 years(Appelbaum,etal2006). It is further classified into myelogenous leukemia and lymphoblastic leukemia based on the type of cells affected(Vardiman et al, 2002). 
Fig:2 Comparing red blood cells and white blood cells in normal blood sample and leukemia blood sample.
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Myelogenous Leukemia (Myeloid Leukemia) is the cancer of red blood cells, platelets and white blood cells.(Vardiman et al,2002),(Vardiman et al, 2008) .Myeloid Leukemia is a result of uncontrolled proliferation of abnormal myeloid progenitor cells formed  due to genetic changes, resulting in increased production of immature myeloid cells in the bloodstream. These immature blood cells crowd out healthy blood cells and interfere with the body's ability to fight infections .Lymphoblastic Leukemia(lymphoid leukemia) is the malignancy of  T-cells and B cells. Leukemia  is further classified as acute and chronic depending on the progression of the disease .(Szczepański, 2003).
Origin of the proposal:
Patients diagnosed with acute myeloid Leukemia and acute lymphocytic Leukemia undergo induction therapy as the first choice of treatment.7+3 regimen(shipley, 2009).The aim of the therapy is to reduce the number of cancer cells and achieve remission. Few patients develop fever (neutropenia) (FLED, 2008)while under chemotherapy,which may be a symptom of certain infections like blood stream infections(BSI),respiratory tract infections,fungal infections .The susceptibility to infections may be due to low immunity in patients.Health care providers observed that in patients who developed infections during chemotherapy, the percentage of mortality also increased.(Haddad, 2021).
Patients with  haematological malignancies from 2008 to 2013 were retrospectively reviewed at a medical centre in  northern Taiwan (chen, 2008-2013).The study revealed that gram negative bacteria is the causative pathogen for blood stream infections. This study revealed that gram negative bacteria are main causes of infection and septicaemia in AML patients.(chen, 2008-2013)(Haddad, 2021).
A study was conducted on febrile episodes between the year may 2001 and December 2006(Ajay Gupta, 2010)where 382 febrile neutropenia episodes were evaluated which showed most infections are due to gram negative bacteria and respiratory infections are predominant. The study suggested to evaluate antimicrobial resistance patterns to choose empiric antibiotic therapy which may help in reducing morbidity and mortality in patients.
These observations lead to the rise of questions like 
Are infections in patients undergoing chemotherapy responsible for increase in mortality?
Which pathogens infect most AML and ALL patients? 
The susceptibility to these infections is age ,gender based or based on comorbidities?
Does antimicrobial resistance of these pathogens play a role in increasing mortality?
Role of nosocomial infections or hospital acquired infections .
Acute Myeloid Leukemia (AML)  is prevalent among adults above 55years(De Kouchkovsky et al.2016).It is a cancer of the blood and bone marrow ( the spongy tissue inside bones where blood cells are made).AML progresses rapidly and needs immediate treatment. It is caused due to abnormalities in chromosomes. The abnormal cells are known as blastocysts. Markers of Leukemia include age, WBC count, prior blood disorders and infections and presence of Leukemia cells in central nervous system. AML is classified into subtypes M0 to M7 (Vardiman, 2002).Symptoms of AML include fever or chills, bone pain, lethargy and fatigue,shortness of breath, pale skin. Frequent infections, easy bruising ,unusual bleeding such as frequent nosebleeds and bleeding from the gums.
Diagnosis of AML:
Blood Tests: AML is diagnosed  by performing blood tests like total blood count, flow cytometry. Immunophenotyping, and cytochemistry are often used to distinguish AML from other types of Leukemia and to determine the exact subtype of AML.
Bone marrow aspiration and biopsy are similar and often performed simultaneously to examine the bone marrow. A bone marrow aspiration involves removal of a sample of the fluid with a needle. A bone marrow biopsy is the removal of a small amount of solid tissue using a needle.Biomarker testing of the Leukemia cells includes  to identify specific genes, proteins and factors responsible for Leukemia. Examining the genetic changes in the Leukemia cells plays a vital role in understanding the causes and diagnose the specific subtype of AML and choose treatment options.
Lumbar puncture (spinal tap) : A lumbar puncture is a procedure in which a needle is used to take a sample of cerebral spinal fluid (CSF) to look at the make up of the fluid and to find out if it contains Leukemia cells or blood.

Treatment of AML:
The first choice of treatment for acute myeloid leukemia is induction therapy using 7 day Cyatarabine +3 day Daunorubicin regimen (Tamamyan, 2017) which helps in reducing the multiplication of Leukemia cells.In patients under 60 years, induction therapy often involves treatment with 2 chemo drugs namely Cytarabine (ara-C) and  Anthracycline drug such as Daunorubicin (Daunomycin) or Idarubicin. In patients older than 60 years low dose Cytosine arabinoside (L Darc C) was given.(Sebban et al,1980),(Estey,2000)
The different phases of this treatment include induction phase which takes place  for 4-6 weeks where Leukemia cells reach remission mean blood cells  attain normal levels and no to few cancer cells .Consolidation phase is performed in cycles ranging from 4-6 months which aims in killing any undetected Leukemia cells. Maintenance therapy is the final phase in treatment to kill any remaining cancer cells and to prevent the relapse of cancer cells which takes nearly 2 years.
Other treatment options include immunotherapy,targeted therapy,radiation therapy bone marrow transplant and Chimeric Antigen Receptor Therapy (CAR T therapy).
Acute Lympocytic Leukemia is more common in children below 11years compared to adults. (Terwilliger,2017)(Davis, et 2014).It accounts for about 30℅of pediatric cancer .It is a malignancy of T cells and B cells caused due to chromosomal and genetic alterations where too many lymphocytes are produced. The immature or abnormal cells produced are known as lymphoblasts. B-cell ALL accounts for about 75-80℅ cases whereas T-Cell is less common(Rafei,et al,2019). Down syndrome,Fanconi anaemia,bloom syndrome increases risk of ALL. If philadelphia chromosome is present it is known as Philadelphia positive ALL,absence of Phildelphia chromosome is known as Philadelphia negative ALL. Acute Lymphocytic Leukemia progresses rapidly (Terwilliger, 2017).Symptoms include fever, bone pain, frequent infections, anaemia. Patients are categozised as high risk ,very high risk and standard depending on age and number of lymphocytes and comorbodities in case of adults.
Diagnosis of ALL:
Blood tests: ALL is diagnosed  by performing blood tests like total blood count, flow cytometry, Immuno phenotyping and cytochemistry.

Bone marrow aspiration and biopsy are similar and often performed simultaneously to examine the bone marrow. A bone marrow aspiration involves removal of a sample of the fluid with a needle. A bone marrow biopsy is the removal of a small amount of solid tissue using a needle. Biomarker testing of the leukemia cells:  A few laboratory tests would be prescribed to identify specific genes, proteins and factors responsible for leukemia. Examining the genetic changes in the leukemia cells plays a vital role in understanding the causes and diagnose the specific subtype of AML and choose treatment options. (Weinberg O. K.-3.)
Lumbar puncture (spinal tap) : A lumbar puncture is a procedure in which a needle is used to take a sample of cerebral spinal fluid (CSF) to observe the number of blast cells and healthy cells.
Treatment of Acute Lymphocytic Leukemia
Treatment depends on age and comorbidities.It includes vincristine, corticosteroids and an Anthracyclines (Terwilliger,2017).Tyrosine Kinase Inhibitors(TKI )targeting BCR-ABL1 tyrosine Kinase, monoclonal antibodies ,bispecific antibodies and Chimeric Antigen Receptor Therapy (CAR T) (Rafei et al,2019)are the advanced treatments which showed improvement in patients.Treatment requires hospital stay carried out in various steps like induction,consolidation long term maintenance therapy to destroy leukemia cells which takes nearly( 4 to 6)weeks .The goal of induction therapy is to achieve remission which means no cancer cells.The treatment is given along with CNS prophylaxis at regular intervals to treat leukemia cells present  in CNS from spreading to spinal fluid. The last phase includes maintenance therapy which do not require hospitalisation. Radiation therapy and immunotherapy are recommended in few patients who exhibit no signs of improvement after chemotherapy. Children and young adults show 90℅ recovery rate compared to adults (Copelan et al 1995).
Infections in AML and ALL patients: ALL and AML patients undergoing induction therapy require prolonged hospital stay ,since they are susceptable to various microbial infections (Jagarlamudi et al,2000) , (Carvalho et al,2005) as the body’s defence mehanism become compromised or they may acquire noso comial infections..The site of infections include blood stream (BSI), skin, respiratory tract and urinary tract . Fever appears to be the first symptom of infection caused due to decrease in the number of neutrophils known as febrile neutropenia. (Bakhshi et al,2008) . Health care providers observed that in few patients who developed infections during chemotherapy, the percentage of mortality also increased (Haddad 2). These infections may be responsible for mortality in patients inspite of undergoing induction therapy.  (O’Connor et al, 2014).Various studies showed that bacterial infection is responsible for increasing mortality in children below 14years (Dnanaleha, 2021).Few studies conducted in south India concluded that E.coli was responsible for infections.(Babu, 2016).In few instances synergetic drug combinations (more than one drug to increase the efficacy of treatment) in leukemia patients also might lead to drug resistance in bacteria. (Mason et al, 2024)
Materials and Methods: 
Equipments: Mindray BC 20-CBC analyser, Oil immersion microscope, Sunline-incubator.

Leukemia Patients are catogerised based on  age as
Category 1:Below 20 years with fever during induction therapy
Category 2:Between  20-60 years with fever during induction therapy.
Category 3:Above 60 years with fever during induction therapy.
Sample Collection: Blood and urine samples are collected from leukemia patients with  fever spikes during induction therapy.
Sample testing method: 
Microscopy:The collected samples were tested by microscopic examination for identification of shape, motility and to define morphology(Bonnet et al, 2020).
Culture Test: The samples were cultured on different media to identify the growth of microorganisms /bacteria after 24-48 hours (Giuliano et al 2019).If growth is observed in the culture plates, they were tested further to isolate the pathogens.
Staining:If growth is observed on the plates, gram staining was performed and observed through under oil immersion microscope to understand the morphology of the pathogen.(Tiwari,2009),followed by biochemical and antibiotic sensitivity tests (Biemer,1973) to identify the pathogen. Growth was not observed in the petriplates.
Analysis of samples:If sample shows growth of pathogen and after biochemical tests and antibiotic tests, data collected will be  tabulated based on age, samples type, type of infections and organisms isolated. Infections and mortality were compared in AML and ALL patients using chi-square test using SPSS software version 16.0 .

Results and Discussions:
A total of Acute lymphocytic leukemia (ALL) Patients 25 were studied till date of which 14 patients are male and 10 are female. The patients were categorized based on age as 19 patients are children (below 15 years) 2 patients  are young adults (16-23 yrs) and 4 patients are adults(41-60years). ALL is more prevalent in children below 12 years of age. Pediatric ALL  patients are categorized as standard risk and high risk patients during the time of admission for induction therapy.  Patients from 1 year to 10 years of age are considered  as standard risk,wheras patients aged below 1 year and above 11years with lymphocytes count more than 50,000 are considered as high risk patients. Aggressive chemotherapy using ALL BFM –REZ-protocols will be  given to such patients .Children between age  group 2 to 10 years of age showed better recovery with the blood counts returning to normal levels and showing fewer number of blast cells. Few ALL patients undergoing induction therapy developed fever which is a first symptom of infection known as febrile neutropenia.Fever is also caused due to effects of chemotherapy in few cases (2),which need to be further studied and evaluated.Blood samples from patients who showed symptoms of fever was collected and tested for growth of bacteria,all the samples showed no growth,which means there is no infection.Out of  25 ALL patients, one patient passed away due to shortness of breath (SOB).Among the remaining patients 3 adult patients showed no signs of fever except one adult who eventually recovered which means the number of blast cells declined after induction therapy.Remaining patients were discharged after recovery and completion of induction therapy.After discharge few patients were readmitted due to relapsed ALL which need further studies and evaluation for the reasons of the disease relapse.
During chemotherapy  complete blood count (CBC) basic metabolic panel (BMP)tests which includes biochemical tests like serum uric acid ,serum phosphatase, serum potassium ,serum calcium and serum lactate dehydrogenase tests will be  also performed  every day to check to know if patient is developing tumor lysis syndrome(TSL).Tumor lysis syndrome is defined as the presence of one or more metabolic abnormalities, like increase in  serum uric acid,serum potassium,serum phosphorus or serum calcium levels  which is a life threatening emergency that occurs when cancer cells die rapidly thereby releasing toxins and chemicals into blood. Symptoms include hyperuricemia, hyperkalemia,hyperphosphatemia. In addition to infections ,the role of TLS in mortality of Leukemia patients need to be further studied and evaluated

Table 1: ALL( Acute Lymphocytic Leukemia patients) categorized based on gender.
	Total no of patients
	Male
	Female

	
25
	
14
	
11






Table:2 ALL patients categorized based on age, gender and infection.
	
Total
	
Male
	
Female
	
Children(below 15 years)
	
Young Adults
(16-23yrs)
	
Adults(40-65years)
	
Fever
	
Infection
Yes/No
	
Mortality

	
25
	
14
	
11
	
19
	
2
	
4
	
4
	
0
	
     1



Fig:3 Shows the number of patients according to age and fever spikes.

Fig :4 Represents total no of patients categorized on gender, infections,fever,mortality

Acute myeloid leukemia is more common in adults above 50 years when compared to children. All the 4 AML patients diagnosed were above 50 years and all patients are women. Acute Myeloid Leukemia is a rarest type of cancer. Out of 4 patients one patient developed fever,received  chemotherapy but showed no signs of improvement which means when total blood count was performed RBC and Hemoglobin levels did not improve and eventually passed away after discharge from hospital. Remaining 3 patients underwent chemotherapy developed fever but showed no specific signs of infection.
Table:3 Comparison between AML and ALL patients.
	
	      AML Patients
	ALL patients

	Samples    studied
	         4
	    25

	  Recovered
  Mortality 
	          3
          1
	    24
    1

	Age 
	All patients are adults above 50 years
	19 children
2-young adults
4 adults

	Gender
	All female 
	14 male
11 female








More samples from various cancer hospitals need to be studied to draw relation between microbial infections and mortality in leukemia patients undergoing induction therapy. Infection control protocols were strictly followed during the chemotherapy which highly reduced the infection related mortality in patients .0.01 % of mortality was observed in High risk ALL patients which need to be studied further. In AML patients studied, the mortality observed was due to other factors like non development of red blood cells   after chemotherapy. This research needs further investigation to understand infections in leukemia patients ,analyse factors that are responsible for mortality in leukemia patients inspite of receiving aggressive chemotherapy. Further focus is necessary to understand the  on role of nosocomial infections and antimicrobial resistance also .The study shall assist health care providers to select novel strategies in treating infections thereby reducing hospital stay for patients and helps in  reducing infection related mortality in patients and to identify antimicrobial resistance of the isolated pathogens which may help in the enhancement of antibiotic therapy to reduce mortality. This study aims to identify the pathogens and their role in increasing mortality, antimicrobial resistance of the isolated pathogens which may help in the improvement of antibiotic therapy to reduce mortality. More samples from various cancer hospitals need to be studied to draw relation between microbial infections and mortality in leukemia patients undergoing induction therapy.
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