
ABSTRACT
INTRODUCTION-Bicytopenia is the reduction of any of the two cell lines of blood i.e. erythrocytes, leucocytes or platelets. Many studies are done on pancytopenia but very few studies exist in literature, evaluating the spectrum of etiologies of bicytopenia. Until this date, no study has been done on bicytopenia in this part of the country and no literature is available on bicytopenia in adults.
AIMS AND OBJECTIVES- To study the clinico-hematological profile of patients with bicytopenia and to find out the different etiologies of bicytopenia.

MATERIALS AND METHODS: Four hundred patients with bicytopenia admitted in KLE’S Dr. Prabhakar Kore Charitable Hospital & MRC were selected using systematic random sampling and included in the study. Their clinical profiles and their haematological parameters were evaluated.

RESULTS/OBSERVATIONS: The male to female ratio was 1.6:1. Bicytopenia was observed in all ages with the mean age being 30.7 years. The occurrence of bicytopenia studied in different age groups was 6% in neonates, 7% in infants, 25% in children, 17% in teenagers, 85% in adults and 11% in elderly (11%).  The commonest bicytopenia observed was anaemia with thrombocytopenia (61%) followed by anaemia with leucopoenia (26%) and leucopoenia with thrombocytopenia (13%). The most common etiology of bicytopenia was found to be non-malignant (56%) followed by infectious (31.7%), malignant (8.3%) and drug induced (4%). Megaloblastic anemia was the predominant etiology among the non-malignant group, closely followed by immume thrombocytopenic purpura and alcoholic liver disease. The commonest infectious disease was dengue (12%). Signs like, lymphadenopathy, splenomegaly and hepatomegaly were most significantly associated with hematological malignancies (p < 0.001). Pallor, bleeding, hepatomegaly and splenomegaly were most significant in non- malignant conditions (p < 0.001). Fever and lymphadenopathy were the most significantly associated with infectious category (p < 0.001). The most significant signs in drug-induced etiology were lymphadenopathy, hepatomegaly and splenomegaly (p <0.001).
CONCLUSION: Bicytopenia is a good hematological indicator for many non- malignant and malignant diseases. The knowledge of its etiologies can help in diagnosis and efficient management of patients.
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INTRODUCTION
The word ‘Blood’ is derived from the Old English word ‘Blod’ and dates back to 1000 AD. It is defined as the vital principle.(1) However, it is also a source of many diseases. The current technology allows us to assess blood counts and other parameters to monitor the health status of an individual. Thus, any change in blood counts could be used as an indicator of certain diseases.
The different variations in the blood counts can be in the form of an increase or decrease in the individual cell lineages. An increase is referred to as cytosis and decrease as cytopenia. Pancytopenia is the decrease in all the cell lineages. If only two cell lineages are affected, it is referred to as Bicytopenia.(2)
Pancytopenia is an extensively studied subject. Many papers are published on the causes and outcomes of pancytopenia in different age groups. However, bicytopenia remains an unexplored territory. There are very few studies in literature evaluating the spectrum of etiologies of bicytopenia in different age groups. The awareness of these etiologies can caution the physician of an impending disease and help to diagnose the same. Even the management is different in different cytopenias, thus highlighting the significance of studying bicytopenia.
To the best of our knowledge, no study has been done on bicytopenia in this part of the country and there is no literature on bicytopenia in adults.
The etiology of bicytopenia varies in children, ranging from transient marrow viral suppression (0.3%) to marrow infiltration by life-threatening malignancies (69.5%).  These may be caused secondary to certain drugs (12.37%), chemotherapy or radiotherapy for some malignancies.(3)Evaluating  the etiologies of bicytopenia can guide in diagnosis and efficient management of patients.(3)
The prevalence of bicytopenia in children, according to two studies was 40% and 45% respectively.(3, 4)The prevalence of bicytopenias in adults remains unknown. Also, there are very few studies on the etiologies, clinical features and hematological profile of bicytopenic patients of different age groups.
Hence, there is a need to study the clinico-hematological profile of patients with bicytopenia in this part of the country. This thought prompted us to undertake the present study.
MATERIALS AND METHODS
	This prospective cross-sectional study was carried out in the Department of Pathology, Jawaharlal Nehru medical college, Belgavi. 
All the inpatients with bicytopenia admitted at KLE’s Dr. PrabhakarKore Charitable Hospital & MRC attached to Jawaharlal Nehru Medical College, Belgaum, during the period January 2014 to December 2014, were included in the study.
The sample size was calculated using the formula: 
n= 4pq 
d2
where:
· n– Sample size
· p – Prevalence of anemia with thrombocytopenia, leucopenia with thrombocytopenia or anemia with leucopenia could not be found on extensive search of literature. Therefore, it was assumed to be 50%, to get a maximum sample size with minimum error.
· q – 100-P
· d – Absolute error taken as 5%
n=4x50x50  = 400
                          25
Thus, the sample size calculated was 400 patients. 
According to 3-year data evaluation, average number of patients with bicytopenia admitted to KLE’s Dr. PrabhakarKore Hospital was 864 annually. Thus, every 2nd patient with bicytopenia was selected for the present study to attain the calculated sample size. Systematic random sampling was used to select these patients.
METHOD OF COLLECTION OF DATA:
Selection criteria:

	The inclusion criteria was: 
All the inpatients with bicytopenia admitted in KLE’s Dr. PrabhakarKore Charitable Hospital & MRC during a period from January 2014 to December 2014.
The exclusion criteria were:
1. All the patients with pancytopenia. 
2. All the patients with isolated cytopenia.
Written Informed consent was taken from all the patients participating in the study (Annexure I). Ethical clearance was obtained from the Institutional Ethics Committee on human subjects research.
 Detailed history, clinical examination was recorded either by personal interview or from medical records using a prestructuredproforma.
Peripheral smears were studied for cell morphology, to confirm the platelet counts and to look for hemoparasites like malaria. The smears were stained using Wright’s stain. Bone marrow aspiration and trephine biopsy was carried out as per the clinical indication.

All the bone marrow aspirate smears were stained with Wright’s stain and trephine biopsies were stained with hematoxylin and eosin stain.[7][8][9]  Special stains like myeloperoxidase, periodic acid Schiff (PAS) and Perl's stain on aspirate smears when indicated. Other relevant investigations were recorded from the medical records.
Bicytopenia was defined as decrease in the counts, i.e. less than normal for that age and sex, of any two cell lineages with either of the following combination:-
· Anemia with thrombocytopenia
· Anemia with leucopenia
· Leucopenia with thrombocytopenia

Blood counts and peripheral smears were reviewed to study the prevalence of bicytopenia and to find out the most common combination of cytopenia. To find out the age distribution, the study subjects were divided into 5 groups of age <1 year (infants), 1-12 years (children), 13-18 years (teenagers), 19- 59 years (adults) and >60 years (elderly). 
The etiologies were divided into four broad categories: Malignant, Non- malignant, Infectious and Drug-induced. 
Malignant category was defined as all hematological malignancies presenting with bicytopenia. Non- malignant included all the non-malignant conditions except those due to active infections or drug-induced etiologies. Infectious category comprised of all the cases with active infection. Drug-induced category included all the cases who presented with bicytopenia post therapy. Fever, bleeding, hepatomegaly, splenomegaly, lymphadenopathy and pallor were the five clinical findings  evaluated.
STATISTICAL ANALYSIS:
1. The clinico-hematological profiles of bicytopenic patients were described using Descriptive Statistics  [Mean, Standard Deviation & Percentage].
2. Chi square test was used to compare the categorical variables.
3. Probability (P) values <0.05 was considered significant to know the association between various variables and bicytopenia.
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RESULTS
This cross-sectional study was conducted in the Department of Pathology, KLE’S Dr. PrabhakarKore Charitable Hospital and Medical Research Centre, attached to Jawaharlal Nehru Medical College, Belgaum.  All the inpatients with bicytopenia in the period of one year (Jan 2014 to Dec 2014) are included in the study.
A sample size of 400 was calculated and every second case of bicytopenia was included through systematic random sampling.
The data obtained was tabulated analysis was done. 
The total data collected was distributed among 5 age groups. They were <1 year of age (infants) 8%, 1-12 years (children) 17.25%, 13- 18 years (teenagers) 8%, 19-59 years (adults) 55.5% and >60 years of age (elderly) 11.25%. The mean age was 30.7 years with the range being 1 day to 90 years.  Standard deviation of age was 21.4 years.
Sex distribution revealed that males accounted for 61.25% of the cases and females accounted for 38.75 % of the cases. The male to female ratio was 1.6:1.
Throughout all ages, it was observed that higher number of males presented with bicytopenia than females.
Anemia with thrombocytopenia (244 cases, 61%) was found to be the most common bicytopenia (table 1) followed by anemia with leucopenia (104 cases, 26%). Leucopenia with thrombocytopenia (52 cases, 13%) was the least common bicytopenia.
The most common etiology of bicytopenia was found to be non- malignant (224 cases, 56%) followed by infectious (127 cases, 31.7%), malignant cases were 33 (8.3%) and drug induced were 16 cases (4%). Out of the Non-malignant cases, the most common etiology was found to be megaloblastic anemia (7.75%), closely followed by alcoholic liver disease(7%), Immune thrombocytopenia purpura (5.5%)  and preterm low birth weight  (4.75%). 
Of the Malignant cases, the most common malignancy was found to be Acute myeloid leukemia (4.75%) followed by Acute lymphoid leukemia (2.5%).Other malignancies like multiple myeloma (0.5%), chronic lymphoid leukemia (0.75%), Hodgkin’s lymphoma (0.25%), Non- Hodgkin’s lymphoma (0.75%) also presented with bicytopenia. 
We observed that the most common infectious disease causing bicytopenia was dengue fever (49 cases) followed by malaria and tuberculosis (12 cases each). Eleven HIV positive cases were observed. Other infectious diseases in which patients presented with bicytopenia were enteric fever, lower respiratory tract infection (LRTI), pneumonia, bacterial pleural effusion, urinary tract infection (UTI), cystitis, pharyngitis, gastroenteritis, pancreatitis, measles, hepatitis, leprosy, mastoiditis, Rheumatic heart disease, meningitis, bacterial sepsis and pyrexia of unknown origin (PUO).
Drug induced bicytopenia was observed most commonly in drugs for epilepsy, Anti-retroviral treatment (ATT) and after DOTS therapy in tuberculosis. 
Anemia with thrombocytopenia (62.1%) was the most significant bicytopenia observed in non-malignant etiology. Leucopenia with thrombocytopenia and anemia with leucopenia (52%) were equally significant in infectious etiology. Anemia with thrombocytopenia (56.2%) was the predominant bicytopenia in drug induced etiology closely followed by anemia with leucopenia (37.5%).
The most common etiology of bicytopenia in neonates and infants was non-malignant (85%). No malignancy or drug-induced bicytopenia was seen in this age group. In the age group 1-12 years the most common etiology observed was infectious (47.8%), closely followed by non-malignant (42%). In the age group 13-18 years, the most common etiology was non-malignant (40.6%) followed by infectious (34.4%). In the age group 19- 59 years, the most common etiology of bicytopenia was non- malignant (58.6%), followed by infectious (30.6%), malignant (14%) and drug induced (4.5%). In the elderly age group, the most common etiology of bicytopenia was non-malignant (53.3%), followed by infectious (22.2%), malignant (20%) and drug induced (4.4%). A statistically significant correlation was found between the age groups and the etiology (P value < 0.001).
Neonates who presented with bicytopenia were mostly pre-term low birth weight babies (13 cases). Other causes of bicytopenia in neonates were, LRTI, convulsions, hyperbilirubinemia, persistent pulmonary hypertension with intraventricular hemorrhage, ABO incompatibility, hydronephrosis and birth asphyxia. No malignant or drug induced bicytopenia were seen in this age group.
Infants most commonly presented with megaloblastic anemia, wheeze associated lower respiratory tract infection (WALRI), pharyngitis, malaria, inborn error of metabolism, thalassemia, gastroduodenal perforation and failure to thrive. 
The most common non-malignant conditions in the age group of 1-12 years were ITP  (Figure 6,7, total  9 cases) and thalassemia (5 cases). Other diseases observed were cerebral palsy, Crouzon’s syndrome, febrile convulsions, Gaucher disease, rhabdomyosarcoma and megaloblastic anemia. ALL was the most common malignancy reported in this age group (5 cases).The most common infectious disease was dengue (12 cases); other infectious diseases observed in this age group were  malaria (3 cases), LRTI, enteric fever, measles hepatitis, pneumonia, tuberculosis, meningitis and rheumatic heart disease (RHD) with active carditis. 
A 3.5-year-old boy presented to the hospital with massive hepatosplenomegaly and failure to thrive (Figure 2-A & B). Peripheral smear revealed anemia with thrombocytopenia. Bone marrow aspiration revealed Gaucher cells with wrinkled paper cytoplasm and eccentric nuclei (Figure 4). β-glucosidase levels confirmed the diagnosis to be Gaucher disease.
Another case was of a 21-year-old female to presented to the hospital with bleeding gums and fever (Figure 4). Bicytopenia was observed on haemogram. On peripheral smear examination increased total count with predominance of monocytes and monoblasts was observed (Figure 5).
The most common etiology in the age group 12- 18 years was non-malignant (14 cases), with maximum number of megaloblastic anemia cases. Nevertheless, dengue was the most common disease seen in this age group with 10 cases. The most common malignancy seen in this age group was AML followed by ALL. There were four drug-induced cases due to chemotherapy for AML and NHL, anti epileptic medication and anti tubercular medication. 
In the age group of 19-59 years, most common etiology was non-malignant which included alcoholic liver disease (24 cases), megaloblastic anemia (21 cases), ITP (11 cases), iron deficiency anemia (13 cases), pregnancy (10 cases) and ischemic heart disease (IHD) (4 cases). The second most common etiology in this age group was infectious; dengue (21 cases) being  the commonest followed by malaria (9 cases), tuberculosis (2 cases), RVD (9 cases), UTI, pneumonia and enteric fever. The most common  malignancy in this age group was AML (10 cases), followed by ALL (3 cases), CLL (1 case) and CML (1 case) (Figure 9.). The drug-induced cases were due to chemotherapy for leukemias, antipsychotic drugs, benzodiazepine abuse, anti depressants, anti epileptic drugs, Anti tubercular treatment and drugs against HIV infection. (Annexure IV)
The most common etiology in the age group >60 years was non-malignant. Diseases like COPD, IHD, IDA and megaloblastic anemia. The most common malignancy observed in this age group was AML (4 cases), multiple myeloma (2 cases) (Figure 9), Hodgkin’s lymphoma (1 case), NHL (2 cases) and CLL (1 case). The infectious diseases seen in this age group were dengue, bacterial pleural effusion, RVD and tuberculosis. Drug-induced causes are mainly due to chemotherapy, ATT, anti RVD drugs and anti epileptic drugs. 
The most common symptom at the time of presentation was fever (53.5%), followed by pallor (42.5%), bleeding/petechiae/purpura/ecchymosis (21.25%), splenomegaly (12.75%), hepatomegaly (12.25%) and lymphadenopathy (7.75%).
Lymphadenopathy (41.9%), splenomegaly (21.6%) and hepatomegaly (20.4%) were the most significant clinical findings in hematological malignancies. Pallor (88.9%), bleeding (65.9%) , hepatomegaly (61.2%) and splenomegaly (49.1%) were most significant in non- malignant conditions. Fever (54.2%) and lymphadenopathy (34.1%) were the most significant clinical findings  observed in infectious category. The most significant signs in drug-induced etiology were lymphadenopathy (6.4%), hepatomegaly (6.1%) and splenomegaly (6.1%).
Chi squaretest was applied to study the level of significance. There was a statistically significant relationship between the cause of cytopenia and the clinical findings (P value < 0.001).
DISCUSSION
The intriguing subject of cytopenia and the daily inflow of bicytopenic patient samples from different departments of the hospital led us to investigate the varied etiologies of bicytopenia in different age groups. 
Bicytopenia, as a feature has been observed in many studies and drug trials but very few individual studies exist in literature that have evaluated this topic alone. In this study, the clinico- hematological parameters of 400 patients were evaluated. These patients were selected through systematic random sampling. Their clinical features, peripheral smears, hematological parameters and bone marrow studies (wherever indicated) were taken into consideration to establish the final etiology.
 According to a study done in Chandigarh the prevalence of bicytopenia in children is around 40%. Bone marrow studies done on children with cytopenias in Pakistan revealed the prevalence of bicytopenia to be 45%.(3, 4) To the best of our knowledge, the prevalence of bicytopenia in adults is not known.
Thus, the aim was to find the various causes of bicytopenia and to study theclinico-hematological profile of patients in different age groups.
According to a study done by Naseem Set al, the spectrum of etiology of  bicytopenia/pancytopenia can be vast, ranging from mild viral marrow suppression to leukemia.(3) This variation in the diseases causing cytopenias has been attributed to the difference in age groups being studied, the diagnostic criteria being used and their stringency, the variation in geographic regions, period of observation, genetic differences, exposure to drugs and infectious agents and the nutritional status of that community.(5)
Keeping these variations in mind, the data of bicytopenic patients was collected for the first time, in this region of the country. Out of the 400 patients, females accounted for 38.8 % of the cases and males for 61.2% of the cases. The male to female ratio was 1.6:1. According to a study done on bicytopenic children, the maleto female ratio was found to be 2.8:1.(3) Another study on children reported the male to female ratio to be 1.1:1.(4) The slight variation could be attributed to the fact that in the present study we included patients of all age groups.
The total data collected was distributed among five age groups. They were <1 year of age (infants), 1-12 years (children), 13- 18 years (teenagers), 19-59 years (adults), >60 years of age (elderly). The spectrums of varied diseases were studied under these age groups. The frequency of bicytopenia in infants was 8%, 17.25% in children, 8% in teenagers, 55.5% in adults and 11.25% in elderly. Bicytopenia, being most common in adults followed by children, elderly and lastly teenagers and infants. Thus, bicytopenia was seen in all age groups ranging from 1 year to 90 years. The mean age was 30.52 years. Another study reported the prevalence of bicytopenia in children  as 7.5%  < 1 year of age, 50% in 1-5 yrs of age and 32.5% in 6-12 yrs of age.(4)
Blood counts and Peripheral Smear findings:
The most common bicytopenia in the present study was found to be anemia with thrombocytopenia (61% cases) followed by anemia with leucopenia (26% cases) and lastly leucopenia with thrombocytopenia (13% cases). This was in concordance with the study by Naseem S et al where the commonest bicytopenia was anemia and thrombocytopenia in 77.5% cases, followed by anemia and leucopenia in 17.3% and leucopenia and thrombocytopenia in 5.5% cases.(3) The erythrocytes and megakaryocytes originate from a common progenitor cell CFU-EMk (Colony Forming Unit Erythrocyte and Megakaryocyte).(6, 7) Thus, any damage to this progenitor could lead to bicytopenia with anemia and thrombocytopenia. 
Acute leukemias can also present as normocytic hypochromic anemia with leucocytosis and thrombocytopenia. The neoplastic cell lineage that causes the leucocytosis, suppresses the other cell lines, leading to the anemia and thrombocytopenia.(8)
When the peripheral smear findings were correlated with etiologies, it was observed that anemia with thrombocytopenia was most significant in non-malignant etiology (139 cases).It could be hypothesized that CFU-EMk is more susceptible in non-malignant conditions like megaloblastic anemia, alcoholic liver disease, immune thrombocytopenic purpura rather than infections, drugs or infiltration of marrow by malignant cells. However, this hypothesis needs to be tested with more number of studies.
Leucopenia with thrombocytopenia and anemia with leucopenia (52%) were equally significant in infectious etiology. Many studies in literature have associated dengue infection with leucopenia and thrombocytopenia. They attribute this bicytopenia to viral destruction of myeloid progenitor cells and megakaryocytes in the bone marrow. In addition, the inhibition of myeloid progenitor cells and peripheral destruction of platelets can lead to the leucopenia with thrombocytopenia in dengue patients.(9)
Etiologies:
The etiologies were divided into Malignant, Non- malignant, Infectious and Drug induced. The most common etiology was found to be non-malignant 224 (31.75 %), followed by Infectious 127 cases (3.75%), Malignant 33 (8.25%), and Drug induced 16 cases (4%). Naseem S et al reported that the most common etiology of bicytopeniain children was malignant 241 cases, followed by non-malignant 64 cases and 42 non-specific and 49 secondary to therapy.(3) However, this study was done exceptionally on bone marrows of children; also bone marrow procedures are clinically indicated in malignancies.  The variations could be because the present study includes all age groups and all cases of bicytopenia irrespective of the severity of the disease.
Non-Malignant:
Out of the Non-malignant cases, the most common etiology was found to be megaloblastic anemia (7.8%), closely followed by alcoholic liver disease (7%), immune thrombocytopenia purpura (5.5%)  and  preterm low birth weight (4.8%). Ayub T et al also reported megaloblastic anemia (57.5%) to be the most common cause of bicytopenia in bone marrow studies of children. They suggested that megaloblastic anemia can be caused by malnutrition and frequent infections in low socio-economic sectors(4)Vitamin B12 deficiency generally affects all three lineages as it affects nuclear maturation but anemia may not appear for years. In fact, macrocytosis precedes anemia.(10)
None of the studies done on bicytopenia, mention alcoholic liver disease as a cause of bicytopenia because they have studied exclusively pediatric population. Since, the present study included study subjects of all age groups, alcohol seemed to be a significant cause of bicytopenia. A study by Latvala J et al highlighted that the incidence of anemia was 51% in the alcohol abusers, as compared with 69% of the non-alcoholics (p < 0.05). They pointed out that   thrombocytopenia (41%), and combined cytopenias (34-38%) were a common finding in the alcoholic patients.(11)  Another study on hematologic anomalies in alcoholic cirrhosis postulated that Alcoholic cirrhosis is frequently accompanied by hematologic abnormalities and that factors responsible for combined or isolated cytopenias were alcohol, hypersplenism, malnutrition and liver dysfunction.(12)  
Twenty-two immune thrombocytopenic purpura (ITP) patients presented with anemia with thrombocytopenia. ITP per se causes reduction only in platelet count, but accompanying anemia could be due to an additional nutritional deficiency, which is quite prevalent in this part of the world.(3)Out of non-malignant cases, Naseem S et al found ITP to be the most prevalent, followed by megaloblastic anemia and marrow hypocellularity.(3)
Out of the 19 cases of iron deficiency anemia that presented with bicytopenia, 84.2% of the patients presented with anemia with leucopenia. According to literature, iron deficiency leads to microcytic hypochromic anemia with reactive thrombocytosis in the peripheral blood. However, in later stages of iron deficiency anemia, there is mild granulocytopenia.(13)
In the present study, eight thalassemia patients presented with anemia and thrombocytopenia. Mutations affecting the key erythroid transcription factor GATA-1 can cause β thalassemia and thrombocytopenia. Hypersplenism can also cause associated leucopenia or thrombocytopenia.(14)In addition, combined iron chelation therapy may lead to neutropenia or thrombocytopenia as a side effect.(15)
In the present study, thirteen preterm low birth weight (LBW) neonates presented with anemia and thrombocytopenia. No study in literature mentioned bicytopenia presentation in neonates. However, a study by Charoo et al highlights that the incidence of thrombocytopenia was highest in preterm babies and low birth weight babies.(16) The accompanying anemia could be due to maternal anemia which is known to cause LBW and prematurity.(17)In addition, anemia of pregnancy is quite common in our country.
A few interesting cases with non-malignant etiology emerged in the present study. One patient who presented with bicytopenia was diagnosed to have primary myelofibrosis after bone marrow examination. No such case could be found in literature.Myelofibrosis is characterized by excess collagen deposition in the marrow, tear drop cells, leucoerythroblastic blood picture and abnormally large platelets on peripheral smear.(18)Almost 60% of the patients present with anemia (Hb< 10g/dl), 10-50% have leucopenia and 50% have thrombocytosis. Thrombocytopenia is encountered with disease progression.(18)
We observed a case of a 3.5 year old child with Gaucher disease. His blood counts indicated bicytopenia with anemia and thrombocytopenia, which was confirmed on peripheral smear. Other studies by Binesh et al and Kaplan P et al also showed an association of Gaucher disease with anemia and thrombocytopenia.(19, 20) Anemia with thrombocytopenia is the commonest hematological presentation in patients less than six years of age.(19)
A pregnant female presented with anemia and thrombocytopenia. She was diagnosed with HELLP syndrome. There is an established association of HELLP syndrome with bicytopenia especially anemia with thrombocytopenia. The pathophysiology behind development of bicytopenia in this syndrome is that excessive vasoconstriction due to hypertension (eclampsia /preeclampsia) leads to endothelial damage and RBC fragmentation. Associated thrombocytopenia results from chronic intravascular coagulation syndrome and decrease in platelet life span.(21)

Malignant:
Of the Malignant cases, the most common malignancy was found to be acute myeloid leukemia (4.75%) followed by acute lymphoid leukemia (2.5%). Other malignancies like multiple myeloma (0.5%), chronic lymphoid leukemia (0.75%), Hodgkin’s lymphoma (0.25%), Non- Hodgkin’s lymphoma (0.75%) also presented with bicytopenia. The study done in Chandigarh on bicytopenia/pancytopenia in pediatric population pointed out that the most common etiology was acute leukemia (66.9%) Of the acute leukemias, acute lymphoblastic leukemia (ALL) was the most common, followed by acute myeloid leukemia (AML) which was seen in 41 cases.(3) The occurrence of ALL higher than AML could be because their study was done specifically in pediatric age group and ALL is the most common leukemia in that age group.(8)
We observed that leukemia at presentation involved hemoglobin and platelet count, whereas leukemic patients on chemotherapy presented with bicytopenia of hemoglobin and total leukocyte count. Naseem et al made similar observations; they attributed this observation to the leukocyte specific targeting of the newer chemotherapy drugs. Also, in leukemia the proliferating leukemic cells suppress the erythrocytic and megakaryocytic lineages.(3)
Two cases of Chronic lymphoid leukemia (CLL) presented with anemia and thrombocytopenia in the present study. Many studies acknowledge the prevalence and prognostic significance of anemia and thrombocytopenia in CLL. The bicytopenia can be attributed to the autoimmune hemolytic anemia and immune thrombocytopenic purpura that are known to be associated with CLL.(22)
Infectious:
We observed that the most common infectious disease causing bicytopenia was dengue fever (49 cases) followed by malaria and tuberculosis (12 cases each), 11 cases were HIV positive. Other infectious diseases in which patients presented with bicytopenia were enteric fever, LRTI, pneumonia, bacterial pleural effusion, UTI, cystitis, pharyngitis, gastroenteritis, pancreatitis, measles, hepatitis, leprosy, mastoiditis, rheumatic heart disease, meningitis, bacterial sepsis and pyrexia of unknown origin(PUO). Few case reports mention bicytopenia in patients serologically positive for dengue virus. The cytopenias are transient and are reversed on treatment of the disease. (23, 24)
Out of the twelve cases of malaria, 75% presented with anemia with thrombocytopenia. A study reports the occurrence of  thrombocytopenia to be 87% in malaria positive patients, anemia in 71% of the cases and normal total leucocyte count in 79% of the cases.(25)RBC destruction by the malarial parasite results in anemiaand platelet phagocytosis may cause thrombocytopenia.(26)
Leucopenia with thrombocytopenia was a significant bicytopenia observed in infectious category. Dengue which was the commonest infection encountered in the present study is known to have viremia induced destruction of myeloid and megakaryocytic lineages in the bone marrow along with peripheral depletion due to antibodies.(9)
Drug induced:
Drug induced bicytopenia was observed  in patients on drugs for epilepsy, ART treatment for HIV infection, after DOTS therapy in tuberculosis and in patients on chemotherapy. In the present study, it was observed that most RVD patients who presented with bicytopenia were on ART (zidovudine and efivarenz) for a minimum of two months. Zidovudine, the mainstay in treatment of HIV infection, is known to produce dose dependent anemia with neutropenia which was also observed in the present study.(27)
In addition, six cases presented with RVD with tuberculosis. They were on ATT and ART simultaneously. It was difficult to ascertain whether the cause for bicytopenia was the infectious etiology or drug induced. Going by their clinical profile, they were ultimately grouped under drug-induced category. However, it remains a matter of debate.
Certain non-hematological malignancies like carcinoma lung, carcinoma cervix also presented with bicytopenia. On extensive history taking and clinical examination, it was observed that the cause for bicytopenia was chemotherapy induced.
Age wise etiological distribution:
Preterm low birth weight (PTLBW) was the most common etiology of bicytopenia found in neonates. Other causes of bicytopenia in neonates were, lower respiratory tract infection (LRTI), convulsions, hyperbilirubinemia, persistent pulmonary hypertension with intraventricular hemorrhage, ABO incompatibility, hydronephrosis and birth asphyxia. No malignancies were seen in this age group.
Infants most commonly presented with megaloblastic anemia, wheeze associated lower respiratory tract infection (WALRI), pharyngitis, malaria, inborn error of metabolism, thalassemia, gastroduodenal perforation and failure to thrive.
In the children between the age group 1-12 years, the most common etiology was infectious. Predominant infectious diseases were dengue, malaria, LRTI and enteric fever. The most common non-malignant conditions were ITP and thalassemia. Other diseases observed were cerebral palsy, Crouzon’s syndrome, febrile convulsions, Gaucher’s disease, rhabdomyosarcoma and megaloblastic anemia. ALL was the most common malignancy reported in bicytopenic children. 
The most common etiology in the age group 12-18 years was non-malignant; predominantly megaloblastic anemia. However, dengue was the most common infectious disease seen in this age group. The most common malignancy seen in this age group was AML followed by ALL. There were four drug-induced cases due to chemotherapy for AML and NHL, anti epileptic medication and anti tubercular medication.
In the age group of 19-59 years, most common etiology was non-malignant. Alcoholic liver disease being most common cause of bicytopenia in this age group, followed by megaloblastic anemia, ITP, Iron deficiency anemia, pregnancy and ischemic heart disease.The second most common etiology in this age group was infectious. Dengue was the predominant infectious disease followed by malaria, tuberculosis, RVD, UTI, pneumonia and enteric fever. RVD positive patients in this age group commonly presented with tuberculosis. There is a higher chance of co-infection with tuberculosis in a HIV infected person. The latent tuberculosis converts to active disease with the decrease in the CD4 counts in HIV infection.(28)
The most common malignancy in this age group was AML followed by ALL, CLL and CML. The drug-induced cases were due to chemotherapy for leukemias, antipsychotic drugs, benzodiazepine abuse, anti depressants, anti epileptic drugs, anti tubercular treatment and drugs against RVD.
The commonest etiology in the elderly was non-malignant, e.g. COPD, IHD, IDA and megaloblastic anemia, The most common malignancy observed in this age group was AML followed by multiple myeloma, Hodgkin’s lymphoma, NHL and CLL. The infectious diseases seen in this age group were dengue, bacterial pleural effusion, RVD and tuberculosis. Drug induced causes were mainly due to chemotherapy, ATT, ART drugs and anti epileptic drugs.
There was a statistically significant association between the age at presentation and the etiology of bicytopenia (P value < 0.001).
It is suggested that the less common etiologies should be kept in mind while reviewing cases of bicytopenia in patients of different age groups.
Signs and Symptoms:
The most common clinical presentation was fever (53.5%) closely followed by pallor (42.5%); bleeding or  petechiae/purpura was seen in 21.25% of the cases, splenomegaly in 12.75% of the cases, hepatomegaly in 12.25% of the cases and lymphadenopathy in 7.75% of the cases. Naseem S et al reported the main clinical features in children with bicytopenia to be fever (69.2%) and pallor (40.9%), others being petechial rash, bleeding manifestations and bone pains. Most common physical finding was hepatomegaly (69.2%) and splenomegaly (60.5%).(3)
Lymphadenopathy (41.9%), splenomegaly (21.6%) and hepatomegaly (20.4%) were the most significant signs in hematological malignancies (p <0.001). Hepatomegaly, splenomegaly and lymphadenopathy have been reported in up to one half of patients with AML, but are less common than in ALL.(29)
Pallor (88.9%), bleeding (65.9%) , hepatomegaly (61.2%) and splenomegaly (49.1%) were the most significant clinical findings in non- malignant conditions.(P< 0.001). Fever (54.2%) and lymphadenopathy (34.1%) were the most significant clinical findings observed in infectious category (P<0.001). The most significant symptoms in drug-induced etiology were lymphadenopathy (6.4%), hepatomegaly (6.1%) and splenomegaly (6.1%). 
A statistically significant relationship was observed between the etiology of bicytopenia and the clinical findings. (pvalue < 0.001) in the present study.
Bone marrow findings:
Of the 400 patients, bone marrow studies were clinically indicated and performed on 89 patients. The most common etiology found on bone marrow studies was megaloblasticanemia  followed by AML and ITP. Other cases reported were ALL, normoblasticnormocellularmarrow ,micronormoblastic marrow, normoblastichypocellular marrow and hypoplastic marrow. Few cases of  multiple myeloma, bone marrow fibrosis, bone marrow tuberculosis and CLL were also observed. Few studies are reported specifically on the bone marrow findings in children with bicytopenia. One study in Chandigarh reported AML to be the most common cause of bicytopenia followed by megaloblastic anemia and ITP.(3) Another study done in Pakistan observed that megaloblastic anemia was the most common finding in bone marrow studies of bicytopenic children.(4)
Bone marrow studies are integral in differentiating malignant from non-malignant conditions. They are sufficient to diagnose megaloblastic anemia and malignancies like acute leukemia and multiple myeloma, which can drastically change the management of the patient.
CONCLUSION
Clinico-hematological correlation is significant to diagnose cases presenting with bicytopenia and can guide in further workup planning like bone marrow studies, immunophenotyping and cytogenetics. The importance of peripheral blood smear examination in cases of bicytopenia cannot be overemphasized. The varied etiologies in different age groups highlighted in this study should be considered in every case of bicytopenia. It may significantly help to reduce the morbidity and mortality in bicytopenic patients.
SUMMARY
Bicytopenia has numerous etiologies but it remains an unexplored territory. 400 cases were studied to determine the etiology of bicytopenia among different age groups and their clinico- hematological profile was studied extensively.
It was observed that bicytopenia was more common in males than in females with a male to female ratio of 1.6:1. Bicytopenia was seen in all age groups ranging from 1 day to 90 years with mean age at presentation being 30.7 years. 
Anemia with thrombocytopenia (61%) was observed to be the most common bicytopenia followed by anemia with leucopenia (26%) and lastly leucopenia with thrombocytopenia (13%). Anemia with thrombocytopenia was most significant in non-malignant etiology (p <0.001) and malignant etiology (p <0.001). Leucopenia with thrombocytopenia and anemia with leucopenia were equally significant in infectious etiology (p <0.001). Anemia with thrombocytopenia was the predominant bicytopenia in drug induced etiology closely followed by anemia with leucopenia (p <0.001).
The most common etiology of bicytopenia was found to be non malignant (31.75 %), followed by infectious (31.75%), malignant cases (8.25%) and drug induced (4%). The most common etiology of bicytopenia in neonates and infants less than 1 year of age was non-malignant. In the age group 1-12 years, the most common etiology was infectious. In the age groups 13-18 years, 19- 59 years and 60 years above, the most common etiology of bicytopenia was observed to be non-malignant. A statistically significant correlation was observed between the age at presentation and the etiology (p <0.001).
The bone marrow studies demonstrated megaloblastic anemia to be the most common cause of bicytopenia.
The most common symptom at the time of presentation was fever (53.5%), followed by pallor (42.5%), bleeding/petechiae/purpura/ecchymosis (21.25%), splenomegaly (12.75%), hepatomegaly (12.25%) and lymphadenopathy (7.75%). 
Lymphadenopathy, splenomegaly and hepatomegaly demonstrated a statistically significant relationship with hematological malignancies (p <0.001). Pallor, bleeding, hepatomegaly and splenomegaly were most significant in non- malignant conditions (p <0.001). Fever and lymphadenopathy were the most significant clinical features observed in infectious category (p <0.001). The most significant symptoms in drug-induced etiology were lymphadenopathy, hepatomegaly and splenomegaly (p <0.001).
Hence, it can be concluded that bicytopenia is a significant clinical indicator for many non- malignant and malignant diseases. The knowledge of its etiologies can help in  diagnosisand efficient management.

REFERENCES

1.	Harper D. blood: Online Etymology Dictionary; 2015 [Available from: http://dictionary.reference.com/browse/blood.
2.	Bates I, Bain B. Approach to diagnosis and classification of blood diseases. In: Lewis S, Bain B, Bates I, Laffan M, editors. Dacie and Lewis Practical Haematology. 11 ed. Philadelphia: Churchill Livingstone; 2012. p. 549-62.
3.	Naseem S, Varma N, Das R, Ahluwalia J, Sachdeva M. Pediatric patients with bicytopenia/pancytopenia: review of etiologies and clinico-hematological profile at a tertiary centre. IJPM. 2011;54(1):75-80.
4.	Ayub T, Khan F. Prevalence of megaloblastic anaemia in a paediatric unit. Gomal J Med Sci. 2009;7:62-4.
5.	study Iaaaa. Incidence of aplastic anemia: The relevance of diagnostic criteria. Blood. 1987;70(1718-21).
6.	Williams JL. Hematopoesis. In: Mckenzie SB, Williams JL, editors. Clinical Laboratory Hematology. 1. New Jersey: Pearson Education INc.; 2010. p. 31-49.
7.	Debili N, Coulombel L, Croisille L, Katz A, Guichard J, Breton-Gorius J, et al. Characterization of a bipotent erythro-megakaryocytic progenitor in human bone marrow. Blood. 1996;88(4):1284-96.
8.	Arceci RJ, Aplenc R. Acute Myelogenous Leukemia in Children. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. 2. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 1919-37.
9.	Souza LJd, Pessanha LB, Mansur LC, Souza LAd, Ribeiro MBT, Silveira MdVd, et al. Comparison of clinical and laboratory characteristics between children and adults with dengue. braz j infectdis 2013;17(1):27-31.
10.	Hubbard J. Megaloblastic and non-megaloblastic macrocytic anemias. In: Mckenzie SB, Williams JL, editors. Clinical Laboratory Hematology. 1. New Jersey: Pearson Education Inc.; 2010. p. 31-49.
11.	Latvala J, Parkkila S, Niemelä O. Excess alcohol consumption is common in patients with cytopenia: studies in blood and bone marrow cells. Alcohol Clin Exp Res. 2004;28(4):619-24.
12.	Schmidt P. Hematologic anomalies in alcoholic cirrhosis. Schweiz Med Wochenschr. 1983;113(29):1025-30.
13.	Andrews NC. Iron Deficiency and Related Disorders. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. 1. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 810-34.
14.	Borgna-Pignatti C, Galanello R. Thalassemias and Related Disorders: Quantitative Disorders of Hemoglobin Synthesis. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 1084-131.
15.	Songdej D, Sirachainan N, Wongwerawattanakoon P, Sasanakul W, Kadegasem P, Sungkarat W, et al. Combined Chelation Therapy with Daily Oral Deferiprone and Twice-Weekly Subcutaneous Infusion of Desferrioxamine in Children with β-Thalassemia: 3-Year Experience. Acta Haematol. 2015;133:226-36.
16.	Charoo B, Iqbal J, Iqbal Q, Mushtaq S, Bhat A, Nawaz I. Nosocomial sepsis-induced late onset thrombocytopenia in a neonatal tertiary care unit: a prospective study. An Pediatr (Barc). 2008;69(6):533-43.
17.	Sifakis S, Pharmakides G. Anemia in Pregnancy. Annals of the New York Academy of Sciences. 2000;900:125-36.
18.	Tefferi A. Primary Myelofibrosis. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. 2. Philadelphia: Lippincott Williams & Wilkins Publishers; 2009. p. 4505-32.
19.	Kaplan P, Andersson HC, Kacena KA, Yee JD. The Clinical and Demographic Characteristics of Nonneuronopathic Gaucher Disease in 887 Children at Diagnosis. Arch Pediatr Adolesc Med. 2006;160(6):603-8.
20.	Binesh F, Yousefi A, Ordooei M, Bagherinasab M. Gaucher’s Disease, an Unusual Cause of Massive Splenomegaly, a Case Report. Iran J Ped Hematol Oncol. 2013;3(4):173-5.
21.	Means RT. Anemias During Pregnancy and the Postpartum Period. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 1241-6.
22.	Shvidel L, Tadmor T, Braester A. Pathogenesis, prevalence, and prognostic significance of cytopenias in chronic lymphocytic leukemia (CLL): a retrospective comparative study of 213 patients from a national CLL database of 1,518 cases. Ann Hematol. 2013;92(5):661-7.
23.	Morela Z, Ramírez A. Autoimmune Response in Children With Dengue. Case Reports. Reumatol Clin. 2014;10(4):257-9.
24.	Garg S, Arora R, Kakkar N. Fever and Petechiae in a Middle Aged Male. LABMEDICINE. 2007;38(1):23-5.
25.	Haroon H, Fazel PA, Naeem M, Mobin A, Naqvi AH, Makki K. Hide and seek: hematological aspects of malaria – a developing country perspective. J Infect Dev Ctries. 2013;7(3):273-9.
26.	Coelho HCC, Lopes SCP, Pimentel JPD, Nogueira PA, Costa FTM, Siqueira AM, et al. Thrombocytopenia in Plasmodium vivax Malaria Is Related to Platelets Phagocytosis. PLoS One. 2013;8(5).
27.	Sloand EM, Groopman JE. Acquired Immunodeficiency Syndrome. In: Greer JP, Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber DA, et al., editors. Wintrobe's Clinical Hematology. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 1623-36.
28.	Swaminathan S, Narendran G. HIV and tuberculosis in India. J Biosci. 2008;33:527-37.
29.	Baer MR, Greer JP. Acute Myeloid Leukemia in Adults. In: John P. Green JF JNL GMR, Frixos Paraskevas, Bertil Glader, editor. Wintrobe's Clinical Hematology. Philadelphia: Lippincott Williams & Wilkins; 2009. p. 1845-88.
Discussion


[bookmark: _GoBack]
