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			Abstract

			Infectious processes have a potential to complicate the clinical picture by triggering a cascade of events which can ultimately affect standard lab values. Red blood cells (RBC), white blood cells (WBC) and platelet abnormalities as well as coagulation disorders have been known to occur as sequelae of infection. The lab abnormalities as well as the resulting clinical effects of this deranged physiology in the setting of infection have long puzzled clinicians and have led to increased consultation from hematology service. We have attempted to consolidate the recently enlightened understanding of these changes and hope that it will translate into an improved patient care. Despite the decline in incidence of Human Immunodeficiency Virus (HIV) and improvements in drug therapy options (HAART), especially in the western population, hematological manifestations of HIV can be very extensive and warrant a separate chapter by itself. However we have included briefly some of the important hematological manifestations in an effort to make this article a comprehensive review. 
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			Disorders of Red Blood Cells

			Anemia: Globally, infectious diseases are arguably the most common cause of anemia. However, infectious disease is a less common cause of anemia in the western world. Anemia due to an infectious process can be classified as microcytic, macrocytic or normocytic. Normocytic anemia in an infectious context is typically due to acute blood loss. However, the anemia may transition to microcytic expression with continued blood loss due to the same infectious agent. Early malaria and babesiosis are a few examples of infectious states that can present with normocytic anemia. 

			Normocytic Anemia

			Malaria: The global incidence of malaria was estimated to be 515 million with 2.2 billion people at risk for infection with Plasmodium falciparam alone in 2002 [1]. Severe malarial associated anemia is a common cause of death especially in children and pregnant women in endemic regions. Thus, the CDC advocated chemoprophylaxis for travelers to endemic regions. A total of 1,691 cases of malaria (including 1,688 cases classified as transported from other regions to the United States, one transfusion-related case, and two cryptic cases) was reported to the CDC with an onset of symptoms in 2010. This represents a 14 % increase in reported cases when compared to the previous year [2]. Plasmodium falciparum, Plasmodium vivax, Plasmodium 
malariae, and Plasmodium ovale were identified in 58%, 19%, 2%, 

and 2% of cases, respectively. Of the reported cases, 176 (10%) were classified as severe infections and nine of these were fatal. Forty five of the cases (5%) were reported as having followed and adhered to a chemoprophylactic drug regimen as recommended by CDC for the areas to which they had traveled. RBC’s are the target cells of infection in malaria and most infections give rise to some form of anemia. The malarial parasites P. vivax and P. ovale have a strong affinity to infect the reticulocytes due to the greater expression of target receptor, the Duffy blood group antigen [3]. There is a resultant low parasitemia (1-2%) and hemolysis is seen. P. malariae invades red blood cells of all ages, but parasite multiplication during each cycle is relatively low resulting in low parasitemia and mild symptoms.

			P. falciparum invades RBC’s of all ages, including early erythroblasts. Parasitemia is typically high and symptoms are severe for the non-immune western traveler. Anemia in this setting is classically normocytic and normochromic with notable absence of reticulocytes. In populations infected with P. falciparum, severe bone marrow suppression, respiratory distress, coma, and hypoglycemia can commonly occur. In addition to the destruction of infected RBC’s in the setting of high parasitemia, approximately 8.5 uninfected red blood cells are removed from the circulation for each infected red blood cell that is removed [4]. The clearance of a high number of uninfected red blood cells is thought to be due to activation of reticuloendothelial system [5,6], splenic sequestration due to reduced deformability of uninfected RBC’s [7], deposition of immunoglobulin and complement on uninfected RBCs resulting in a positive Direct Coombs test [8], and occasionally can be due to use of sulfa drugs in G6PD deficient patients. Cytokines and Hemozoin, a malarial pigment, are also thought to suppress the bone marrow and worsen the presentation of anemia [9]. Other factors that complicate the clinical picture of anemia in endemic countries include the presence of nutritional deficiencies, genetic traits like thalassemia, and concurrent infections such as HIV and/or other parasitic infections [10] (Figure 1).
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			Babesiosis: Unlike malaria, babesiosis is a tick-borne protozoal disease that occurs principally in the United States and Europe. Seropositivity rates range from 4%-21% in the northeast United States. Most infected patients are asymptomatic, but mild cases may present with fever, chills, sweats, headache, myalgia, fatigue or arthralgia. The elderly and immunosuppressed, especially those with asplenia or with impaired cellular immunity, are more likely to become ill. In southern New England, one-fourth of patients with babesiosis are co-infected with the Lyme disease and this cohort of patients also tends to have more severe illness. Diagnosis is made by blood smear exam and identification of the merozoites which forms the classic “Maltese Cross” during their asexual budding stage (Figure 2). 
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			Bacterial: Non-immune hemolytic anemia occurs with Clostridium perfringens infection which results in very severe hemolysis and precipitous death has even been reported [11]. The alpha toxin phospholipase C is thought to be the hemolytic agent [12]. Haemophilus influenzae type B infection can also lead to hemolysis. The implicating agent in this situation is its capsular polysaccharide, polyribosyl ribitol phosphate. Immune hemolytic anemia, usually cold agglutinin disease, is more commonly seen in an infectious setting. Common precipitators would be Mycoplasma, Epstein-Barr Virus (EBV) and HIV. Varicella, Cytomegalovirus (CMV), Syphilis & Listeria have been less commonly implicated. Other parasitic infections causing non-immune hemolytic anemia like Bartonellosis and Leishmaniasis are extremely rare in the United States.

			Anemia of Chronic Infection: Infections are estimated to account for 18-95% of anemia of chronic disease [13]. Anemia in this setting is usually normocytic, but can be microcytic in severe cases. Cytokines released as a consequence of infection drive this process by direct bone marrow suppression [14], by inhibition of erythropoietin production [15], or by disruption of iron metabolism either directly [16] or through the production of Hepcidin in the liver [17,18].

			Microcytic Anemia: Microcytic anemia secondary to infectious diseases can be due to a severe form of anemia of chronic disease or secondary to chronic blood loss. Chronic blood loss can be sequelae of feco-oral transmitted helminthic infections such as Ancylostoma Duodenale, Necator americanus, Ascaris lumbricoides, Trichuris Trichiura, or Enterobius Vermicularis. Hookworm infections are acquired through direct larval penetration of the skin. Hence, hookworm can be seen in travelers to endemic regions who may take adequate sanitary precautions, but choose to walk barefoot on the beaches. Tapeworm infection can be prevented in travelers by ensuring meat is properly cooked, especially in countries where livestock are kept close to human feces. 

			Macrocytic Anemia: What should have been a closed chapter in medicine is now resurrected due to worldwide recent popularity of Sushi and Sashimi [19]. Diphyllobothrium latum and D. nihonkaiense are fish tape worms that can be transmitted through the consumption of raw or undercooked fish. Historically the fish tapeworms have been more common in Scandinavian countries, but now cases are being reported in North and South America, Japan, as well as non-endemic regions of Europe. This may be in part to expansion of worldwide sales of fresh or frozen Pacific Salmon. Cases appear to be most commonly associated with Pacific Salmon, but can also be found in perch, char and pike [20]. D. latum has a unique affinity for Vitamin B12 and in 40% of infected individuals there may be low Vitamin B12 causing pernicious macrocytic anemia. 

			Disorders of White Blood Cells (WBC)

			Leukocytosis is a typical response to bacterial infections. Paradoxical leukopenia can occasionally be seen. Neutropenia was reported in 24.6 % and lymphopenia was reported in 75.8% of patients with Typhoid in one study [21]. 44.5% of patients were noted to have evidence of bone marrow suppression resulting in 31.3% with peripheral cytopenias and 8.3 % with frank pancytopenia. Though exact mechanism is unclear, endotoxin release and cytokines resulting in bone marrow suppression and neutrophil margination is believed to be the cause. Similar observations have been made in tuberculosis, Shigella and Brucellosis. In one study, there was leukopenia in 15%, thrombocytopenia in 23%, and lymphopenia in 87% of patients with miliary tuberculosis [22]. Ehrlichiosis & anaplasmosis are two separate tick-borne bacterial diseases with similar clinical and laboratory findings. CDC reporting of anaplasmosis in 2008 had increased threefold and reporting of ehrlichiosis had increased more than fourfold in 2008 when compared to 2000 [23]. Anaplasmosis targets neutrophils and ehrlichiosis targets mononuclear cells causing 50-90% of patients to have leucopenia [24,25]. Around 3000 cases (2,000 cases of ehrlichiosis and 1,000 cases of anaplasmosis) are now reported annually with a mortality rate of 1% for anaplasmosis and 3% for ehrlichiosis [26]. Suspicion should be high when a febrile patient with leukopenia or thrombocytopenia has been exposed to ticks in an endemic area. The peripheral blood smear should be examined for intracytoplasmic inclusions (morulae) within mononuclear cells for ehrlichiosis and within neutrophils for anaplasmosis (Figure 3). 
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			Leukopenia associated with viral infections is well understood in the community. However, in addition to considering HIV, EBV, CMV, Hepatitis viruses, Human herpes virus 6, Yellow fever and Colorado tick virus, viral exanthematous diseases such as Varicella, Measles and Rubella should also be considered while evaluating a febrile patient without obvious cause for leukopenia. The underlying mechanisms include splenomegaly, cytokine related marrow suppression and development of anti-neutrophil antibodies [27]. Parvovirus and Colorado tick virus are known to infect and destroy the hemopoietic progenitor cells [28]. EBV infection in the adolescent population can result in acute infectious mononucleosis which is associated with lymphocytosis with a large proportion of atypical lymphocytes with large irregular nuclei. These are essentially reactive CD8+ T cells and NK cells. EBV acquired during childhood years is often subclinical and hence not a problem in the developing world where 100% of children by age 4 are seropositive. Transient lympadenopathy is common with several viral disorders. Human herpes virus 8 is associated with multicentric castleman’s disease (MCD), a lymphoproliferative disorder often mimicking lymphoma. HHV 8 infection can be seen in 100 % of HIV + MCD and 40-50% HIV - MCD. HHV8 genome encoded viral IL 6 is the pathophysiological basis for the disease. It is responsible for leukopenia, anemia & severe B symptoms. Viral IL-6(vIL-6) does not require the cellular IL-6 receptor for binding to the ubiquitously expressed gp130 receptor subunit and subsequent JAK-STAT signaling. Thus, in contrast to IL-6, vIL-6 can stimulate virtually all cells in the body [29]. Early results with antiviral strategies have shown promising results [30].

			Disorders of Platelets

			Thrombocytopenia

			Thrombocytopenia can be either from decreased production or increased destruction of platelets. Decreased production has been observed in those who have Dengue, Parvovirus, Rubella, Mumps, Varicella, Hepatitis C, Epstein-Barr virus, etc. Direct megakaryocytic infection has been demonstrated in Parvovirus, HIV and Dengue [31]. Viral infection can precipitate Immune Thrombocytopenic Purpura (ITP) and eradication of CMV with antiviral therapy has been shown to improve ITP in patients with active CMV infection [32]. Increased destruction is often seen with hemorrhagic fevers. Nonspecific antibody production with cross reactivity to platelets has been implicated in Dengue and HIV-1. Disseminated intravascular coagulation (DIC) is thought to underlie the hemorrhagic features of Rift Valley, Marburg and Ebola fevers. Release of tissue factor from monocytes and macrophages infected with Ebola virus are thought to be the cause for coagulation irregularities reported in Ebola hemorrhagic fever [33]. In most viral hemorrhagic fevers, the etiology of thrombocytopenia & coagulopathy is more likely multifactorial with hepatic damage (site of production of thrombopoietin), consumptive coagulopathy, and primary marrow dysfunction all playing a role (Figure 4).
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			Pancytopenia and Infection

			Transient pancytopenia can be seen with any viral or bacterial disease secondary to cytokine release. Severe and sustained pancytopenia can be seen in Parvovirus B19, HIV and Hepatitis virus infections. In addition to Hepatitis A,B,C and G, a yet unidentified hepatitis virus seems to account for 5% of cases of aplastic anemia in western countries [34] and 4 to 10 percent in the Far East [35]. It usually affects boys and young men and aplasia develops months after acute hepatitis. About 15 % of children with seronegative acute liver failure developed bone marrow failure in one single institution study [36]. Parvovirus B19 is well known for its role in aplastic anemia, transient aplastic crisis is in those with chronic hemolytic disorders and chronic pure red blood cell aplasia in immunocompromised individuals. Even though it can infect the mature RBC’s, full viral replication can only occur in the erythroid CFU’s [37]. Globoside, P blood group antigen, is necessary for cell entry and infection and hence those lacking it are protected. Cessation of RBC production and drop in hematocrit follows infection and returns to normal in 10 to 14 days with clearance of infection. In patients unable to control Parvovirus infection either due to immunosupression or immunodeficiency, prolonged cessation of RBC production and consequently chronic pure red cell aplasia follows. Characteristic giant proerythroblast can be seen on bone marrow biopsy.

			Coagulation Disorders

			TTP/HUS

			Thrombotic thrombocytopenic purpura-hemolytic uremic syndrome (TTP-HUS) is best described as an acute syndrome with abnormalities in multiple organ systems. Presenting features include thrombocytopenia, microangiopathic hemolytic anemia, neurologic and renal abnormalities. When renal abnormalities are dominant, with or without neurological abnormalities, it is considered by some as hemolytic uremic syndrome (HUS) [38]. HUS is more common in children and rare in adults. It is also called Typical HUS or diarrhea associated HUS as most cases are due to Shiga-toxin-producing E.coli bacteria (most commonly O157:H7 strain). A recent German outbreak was the result of a new strain of E. coli O104:H4 which accounted for about 20% HUS cases in adults [39]. There are various ways through which this process can occur. Direct endothelial damage and platelet aggregation from shiga toxin is considered the most common mechanism. There are also studies suggesting shiga toxin mediated antibodies against ADAMTS 13 [40]. Worsening of HUS symptoms in patients who were treated with antibiotics is considered a direct result of an increase in the release of shiga toxin due to bactericidal effect of the drug [41]. Even though most cases are due to Shiga Toxin producing Ecoli, there have been case reports of patients developing HUS after pneumococcal infection and HIV [42].

			Disseminated Intravascular Coagulation (DIC)

			Sepsis from both bacterial and non-bacterial infection is one of the most common causes for DIC [43]. What was initially described as a complication of endothelial damage by meningococcemia, has now been described in a variety of gram negative, gram positive and, very rarely, viral infections. About 30 to 40 % of patients with gram negative sepsis are said to develop overt DIC [44]. Laboratory findings that are hallmark of acute DIC are thrombocytopenia, prolonged prothrombin time (PT), activated partial thromboplastin time (aPTT), elevated D-Dimer or fibrinogen degradation products (FDP) and reduced plasma fibrinogen level. A peripheral blood smear will show presence of microangiopathy. Other findings include prolonged thrombin time and reduced levels of antithrombin (AT), protein C, protein S, factor V and Factor VIII. However, in chronic DIC these values are variable as there is a slower rate of consumption of coagulation factors and there also may be an enhanced synthesis of these proteins. Hence, thrombocytopenia may be mild with fibrinogen level, PT and aPTT may be within normal range. In these patients, the diagnosis is often difficult and relies mainly upon findings of microangiopathy on the peripheral blood smear and elevated levels of FDPs and D-dimer [45].

			Pathogenesis of the endotoxin-induced DIC involves both thrombin generation and suppression of normal antithrombotic mechanisms along with down regulation of the protein C/thrombomodulin system and perhaps impaired fibrinolysis. The extrinsic pathway seems to be the primary activating pathway; however, there is also activation of factor XII of the intrinsic pathway, which leads to release of kinins into circulation causing increased vascular permeability, vasodilatation and shock [46]. The balance between thrombin generation, clotting factor depletion, and thrombolysis determines the clinical presentation (ie, bleeding or thrombosis). Activation of the coagulation system due to endothelial damage and enhanced release of pro-coagulant substances may be due to a direct action of endotoxin and membrane lipopolysaccharides or indirectly through activation of cytokines like interleukin-6 and tumor necrosis factor alpha [47].

			Hematological manifestations of HIV

			Cytopenias of all cell lines were seen after HIV and acquired immune deficiency syndrome (AIDS) were defined. The direct correlation of the degree of cytopenias and its association with morbidity and mortality was soon recognized. Anemia was the most common cytopenia followed by lymphopenia, neutropenia and thrombocytopenia. Coagulation disorder in the form of TTP- HUS and thrombophilia also have been described extensively. As mentioned in the beginning of this article, hematological manifestation of HIV infection is extensive and complex and warrants a separate chapter or review by itself. We have described the various manifestations and its causes briefly for a quick summation.

			Anemia: Anemia is the most common hematological disorder seen in patients with HIV. In addition, the incidence of anemia increases with disease progression [48]. A large epidemiological study involving 2056 women infected with HIV identified 4 risk factors for developing anemia: CD4 count < 200/ microL, HIV 1-viral load of > 50,000/ ml, MCV < 80 fl and use of AZT in the preceding 6 months [48,49]. Even though HAART has shown to reduce the incidence and degree of anemia in all ages, anemia is independently associated with increased morbidity and mortality. The etiology of anemia in HIV is multifactorial. Opportunistic infection (fungal, bacterial, viral), nutritional causes (B12 and folic acid deficiency) abnormal iron metabolism, lymphoproliferative disorders, and medications are some of the common causes for anemia [50,51].

			Hemolysis which could be antibody mediated, drug induced or microangiopathic has been described in patients with HIV. Even though patients with HIV tend to test positive on direct coombs test at a higher percentage compared to normal subjects (18-43%), overt hemolysis is uncommon [52]. Both warm and cold hemolytic anemia are described, and when present, the antibodies are most commonly directed against u and i antigens on the red blood cells [53]. Drug induced bone marrow suppression and rarely hemolysis are also some of the major causes of anemia. Ribavirin, used in treatment of patients with Hepatitis C co-infection, has been observed to cause severe hemolysis [54,55]. AZT is associated with dose dependent bone marrow suppression which usually develops within 1-2 weeks of initiation of therapy. Anemia is usually macrocytic and is due to inhibition of nucleic acid synthesis [56]. Other drugs like Ganciclovir, Trimethoprim-sulfamethoxazole, Flucytosine, Amphotericin B, Pyrimethamine, Primaquine, Dapsone, Trimetrexate, and Interferon that are used in HIV related complications often worsen the anemia.

			Role of HIV

			Even though considered controversial, infection of the CD 34+ progenitor cells directly by HIV that then affects hematopoiesis, is increasingly being described as a possible mechanism of anemia in this setting. Retroviral infection has been clearly demonstrated in CD4+ lymphocytes, macrophages, monocytes, and follicular dendritic cells but to a lesser extent in CD34+ progenitor cells [57]. 

			Disorders of WBC

			Neutropenia: Neutropenia is seen in 5 to 10 % in the early, asymptomatic infection and 50 to 70 % of patients with advanced disease. Anti-neutrophil antibodies are detected in 1 out of 3 patients, but presence of antibodies does not correlate with the ANC [58]. Autoimmune destruction is not thought to play an important role. Antibody production is secondary to the immune dysregulation and hyperglobulinemia.

			Lymphopenia: Lymphopenia is universal. HIV infection leads to severe depletion of CD4 T cells (primary target). CD4 cells are reduced precipitously in acute HIV infection and usually rebound over several weeks as HIV-specific CD8 T cells help to lower plasma viremia. Left untreated, CD4 T cells subsequently decline over several years. Antiretroviral therapy helps maintain CD4 levels.

			Platelet Disorders: Thrombocytopenia affects 40 percent of patients during the course of their illness and in about 10% of patients thrombocytopenia can be an initial manifestation [59]. As with anemia, incidence of thrombocytopenia increases as the disease progresses, but can present at any point during the course of the disease. Thrombocytopenia appears to be more pronounced in patients who have uncontrolled viral replication and co-infection of Hepatitis C with underlying cirrhosis [60]. Primary HIV-associated thrombocytopenia (PHAT) is the most common cause of low platelet counts in HIV-infected patients. It resembles ITP except that patients with PHAT tend to have splenomegaly and less pronounced thrombocytopenia with spontaneous recovery [61]. Thrombocytopenia in HIV patients is due to a combination of reasons including a shortening of platelet life span, the doubling of splenic platelet sequestration, and the ineffective delivery of viable platelets to the peripheral blood despite a threefold thrombopoietin (TPO) driven expansion in marrow megakaryocyte mass. This was believed to be a result of direct impairment in platelet formation by HIV-infected marrow megakaryocytes [62]. 

			Other secondary causes of thrombocytopenia can be attributed to underlying opportunistic infections (viral, bacterial, parasitic and fungal), malignancy, and co-morbid conditions that result in hypersplenism. Patients with HIV infection are also at risk for medication induced thrombocytopenia. In a retrospective study, it was noted that in patients exposed to either unfractionated heparin (UFH) or low molecular weight heparin (LMWH) those with HIV had a higher incidence of heparin induced thrombocytopenia (HIT) when compared to HIV negative patients [63]. It was also noted in the same study that there was reduced incidence of HIT with LMWH as compared to UFH [64]. In any patient receiving anticoagulation frequent monitoring of platelet counts is advised given the higher risk for developing HIT. Rarely thrombocytopenia in HIV infected patients can present as a manifestation of TTP- HUS. Even though the mechanism is largely unknown, TTP - HUS should be considered as a part of initial work up for thrombocytopenia and in HIV infected patients presenting with low platelets. 

			Coagulation Disorders in HIV

			Several coagulation disorders can be seen in patients infected with HIV. Opportunistic infections, malignancy and use of certain drugs (eg. megace) increase the thrombotic risk in these patients. Lower CD4 counts, elevated HIV viral load, presence of indwelling central venous catheter, presence of antiphospholipid antibodies, autoimmune hemolytic anemia, and acquired deficiencies of protein C and S and antithrombin are a few of the other risk factors associated with increased thrombotic risk in patients infected with HIV [65-68]. 

			Conclusion 

			We realize that the differential diagnosis for hematological abnormalities can be extensive and complex. In this article we attempt to help the readers recognize that infectious disease is among the most common cause of these abnormalities. To describe these changes and also the underlying mechanism in detail, undoubtedly warrants a textbook in itself. We hope this article provides a comprehensive but a quick review of these changes and an insight to the underlying pathophysiology. Also given the nature of globalization and increase in human travel across various geographical regions, physicians today are more likely to encounter more uncommon causes for hematological abnormalities than ever before. This makes it even more challenging for the physician to diagnose and provide appropriate care at the right time. This article tries to incorporate all these factors for the reader to be aware of the various causes, even though the entity may be rare to that particular geographic location. 
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Figure 1: Plasmodium vivax organisms: intraerythrocytic ring (short arrow); mature trophozoite (long arrow).
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Figure 2: Babesia Microti forming intra-erythrocytic rings (short arrow), exo-erythrocytic rings (long arrow) and a “Maltese cross” (red
arrow).
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Figure 3: Morula of Anaplasma phagocytophilum in the cytoplasm of the neutrophil (arrow)






