
HAEMOPOIETIC SYSTEM AND PARASITE 
EFFECTS



PROTOZOAN PARASITES THAT AFFECT THE 
HEMOPOIETIC SYSTEM
 Malaria
 Babesia
 Leishmania donovani
 Trypanosomiasis
 Amoebiasis
 Giardiasis
 Toxoplasmosis



METAZOAN PARASITES THAT AFFECT THE 
HEMOPOIETIC SYSTEM
 Schistosomiasis
 Filariasis
 Hookworm infestation
 Trichuriasis/ Trichuris trichiura



MALARIA
 Endemic in many parts of the world particularly in SE Asia and Africa
 Coast, Eastern, Western & Nyanza
 Species:

 Plasmodium falciparum – malignant malaria
 Plasmodium vivax
 Plasmodium ovale
 Plasmodium malariae

 Effects of the parasite:
 on the RBC: hemolysis
 of enlarged spleen causing dilutional effect (hypersplenism) with reduced 

red cell survival
 Inflammatory cytokines on the BM
 Folate deficiency in chronic malaria
 Effects of drugs (Primaquine)



LABORATORY EVALUATION
 Diagnosis
 Tests to determine haemopoietic and other effects



CONT.
 TBC

 Progressive normocytic normochromic anemia appears after 48 hours then 
rapid fall over the next 4-5 days

 Polychromasia/Nucleated red cells/ fragments
 Parasites on film: density
 Macrocytic picture in chronic malaria with folate deficiency

 WBC
 Usually normal
 Monocytosis with or without pigment in monocytes

 Platelets: reduced in acute malaria
 Hypersplenism; platelets are pooled into the spleen
 Immune destruction
 Low grade DIC
 Raised Prothrombin Time and APTT (Activated Partial Thromboplastin Time)
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- It is also known as Polychromatophilia
- Refers to an abnormally high number of reticulocytes found in the bloodstream as a result of being prematurely released from the bone marrow during blood formation
- These cells are often shades of grayish blue



BIOCHEMISTRY
 Raised total bilirubin (indirect)
 Renal function tests
 Blood sugar hypoglycemia in severe malaria
 Raised lactate level (metabolic acidosis)



DIAGNOSIS
 Thick film
 Thin film
 Parasite density and identification
 QBC (Quantitative Buffy Coat) method: Acridine orange fluorescence of 

parasites
 Antigen detection test: chromatographic detection of histidine rich 

proteins (parasight Falciparum)
 Molecular methods (PCR)
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The buffy coat is the fraction of an anticoagulated blood sample that contains most of the WBCs and platelets following density gradient centrifugation
After centrifugation: the plasma layer is the top -most, a layer of RBCs is at the bottom and there is an intervening thin layer between (buffy coat)
The buffy coat is usually whitish in color but it can be green in neutrophilia (myeloperoxidase levels)

Diagnostic uses
1. Detect infection with malaria or other blood parasites. The parasites in acridine dye fluoresce and they can be detected in UV light at the interface between the RBCs and the buffy coat
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THE ParaSight-F rapid manual diagnostic test of P. falciparum infection
- This is a qualitative diagnostic test of P. falciparum based on the detection by a monoclonal antibody of a species-specific antigen histidine-rich protein in whole blood and which can be performed without special equipment.



LEISHMANIASIS
 L. donovani causative agent for visceral leishmaniasis
 Hyperplasia of macrophages and lymphocytes
 Massive production of immunoglobulins
 Progressive hepatosplenomegaly
 Anemia due to hypersplenism
 Ineffective erythropoiesis
 Megaloblastosis due to folate deficiency



TOTAL BLOOD COUNT
 Normocytic normochromic anemia
 Leucopenia (neutropenia)
 Thrombocytopenia
 Raised ESR
 Raised CRP



DIAGNOSIS
 BM aspirate
 Splenic aspiration (most sensitive)
 Buffy coat preparation of PBF
 Immunological:

 Detect antibodies: ELISA (enzyme linked immunosorbent assay)
 FAT (Fluorescent antibody test)
 IHA (Indirect hemagglutination assay)
 Varying degrees of sensitivity and specificity

 CMI test: Leishman skin test with intra-dermal injection of killed 
promastigotes)



BIOCHEMISTRY
 Reduced albumin
 Raised gamma globulins

Leishmania in situ
 L. donovani bodies (LD bodies) seen engulfed in the macrophage
 BM is hyperactive and megaloblastic



BABESIA
 Hemolytic anemia

 Reduced haemoglobin
 Increased total bilirubin (indirect)
 Renal function tests may be decreased because of intravascular 

hemolysis
 Diagnosis:

 PBF
 PCR

 Babesiae in situ
 Maltese cross appearance in RBC



TRYPANOSOMIASIS
 Hemolysis due to phagocytosis of antibody coated RBCs
 Also by hemolysins produced by parasite
 Moderate leukocytosis
 Deranged coagulation (late stage)
 Thrombocytopenia
 Increased fibrinolysis



DIAGNOSIS
 Examination of blood
 Lymph node aspirate
 CSF
 Blood film:

 Buffy coat preparation
 QBC

 Trypanosomes in situ
 Flagellated (they are hemoflagellates)
 Kinetoplast
 Extracellular
 Polychromasia - hemolysis



AMEBIASIS
 Microcytic hypochromic anemia seen in chronic disease due to blood loss 

due or due to anemia of chronic disease



GIARDIASIS
 Seen in children
 Malabsorption of folate in acute giardial diarrhea
 Chronic giardia causes B12 deficiency due to damage of ileal receptor, 

utilization of B12 by parasite and bacterial overgrowth in the bowels



METAZOAN PARASITES
 Bilharzia

 Effects of portal hypertension bleeding from esophageal varices
 Splenomegaly
 Granulomas cause various degrees of bleeding: GIT, Hematuria
 Hypersplenism: normocytic normochromic anemia; leucopenia and 

thrombocytopenia
 Deranged LFTs
 Renal dysfunction due to hydronephrosis



DIAGNOSIS
 Direct visualization of parasite

 In urine: S. hematobium
 In stool: S. mansoni
 Rectal snip

 Newer diagnostic methods detect schistosoma antigen in serum and 
urine (expensive)

 Indirect tests
 Chemical reagent strips for detection of red cells and proteins useful 

in endemic areas as surrogate markers



IMMUNOLOGICAL TESTS
 ELISA 
 IHA (Indirect Hemagluttination Assay)
 IFAT (Indirect Fluorescent Antibody test)
 RIA (Radio-immunoassays)

 Schistosoma in situ
 Lateral spine – in S. mansoni
 Polar spine – in S. hematobium



HOOKWORM
 Blood sucked out:

 0.03mL/day/worm for N. americanus (has a higher worm load 
following infection)

 0.15 mL/day/worm for A. duodenale
 PBF:

 Microcytic hypochromic
 Eosinophilia
 Reduced proteins: edema
 Demonstrate Ova



TRICHURIASIS
 Heavy infection involves the cecum up to the rectum; blood loss results
 Direct demonstration of eggs and eggs count



FOR ALL PARASITES:
 Investigations:

 TBC and PBF
 Thick and thin film
 BM examination
 Aspirate of spleen and lymph node
 Urine and stool examination
 Immunological tests
 Biochemical tests




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HAEMATOPOIETIC SYSTEM & PARASITE EFFECTS


− parasites are mainly in the tropics and sub tropics


− factors determining the type of anaemia and severity:


− diet: haematinic content especially of iron


− general health status of the population group, age (esp children), sex (females in 
reproductive ages)


Parasitic dx


− protozoal dx


− helminthes


Parasitic effects


− anaemia


− leukocytosis/leukopenia


− thrombocytosis/thrombocytopenia


− pancytopenia


− organomegally (splenomegally, hepatomegally)


− lymphadenopathy


Direct and indirect parasitic effects


− parasitic effects may be direct ; e.g direct destruction of red cells by intracellular malarial 
parasites


− indirect; e.g parasite causing splenic enlargement and hypersplenism with seconday increased 
blood cell destruction in spleen


HAEMOPIETIC EFFECTS: ANAEMIA


1. Haemolysis  


1. due to direct mechanism damage to RBCs – seen with intracellular parasites e.g malaria, 
babesia


2. due to antigen -antibody interaction e.g malaria, trypanosomiasis
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Hemolysins produced by Trypanosoma spp. also cause hemolysis.







3. associated with enzyme (G6PD) deficiency (x-linked thus in male) and effects of rx e.g 
Malaria


- chronic haemolysis may lead to folate deficiency


2. Haemorrhage   


1. chronic blood loss due to intestinal parasites e.g hook worms – A. duodenale and N. 
americanus, amoebiasis, schistosomiasis (GIT & renal)


2. Acute blood loss – stronglyloidiasis, B. coli dysentery, amoebic dysentery


1. direct effects of mucosal damage, produce anticoagulants hemolysis, irritants to 
intestinal mucosa)


− Chronic blood loss leads to iron deficiency


3. Effects on the bone marrow  


1. Replacement:


• by protozoa often associated with reticulum cell hyperplasia e.g visceral 
leishmaniasis, toxoplasmosis


• Bone marrow suppression


 toxins produced by parasite suppress the marrow e.g malaria, leishmaniasis, 
trypanosomiais and schitosomiasis.


4. Enhanced erythrophagocytosis or haemophagocytosis


• hyperplastic R.E.S ( spleen, liver, bone marrow, LN) with increased phagocytosis or 
RBCs/all blood cells


• associated mainly with anaemia ( if erythrophagocytosis) or pancytopenia 
(haemophagocytosis)


5. Hypersplenism


• often associated with splenomegaly e.g Malarial splenomegaly (TSS), kala azar, hepatic 
schistosomiasis (PHT)


• There is sequestration of RBC, WBC, platelets with increased destruction


• Often manifests as pancytopenia


6. Portal hypertension effects


• acute haemorrhage due to varices e.g hepatica schistosomiasis, clonorchis sinernsis


• splenomegally – pancytopenia


7. Malabsorption


• effects more pronounced in pts with marginal nutritional states e.g G. lamblia


• D. Latum direct competition for dietary Vit B12 – associated with megaloblastic anaemia


8. Liver disease and haematologic consequences


• hepatic fibrosis causing PHT leads to haemorrhage
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• chronic extensive liver dx – defective matabolism of haematinics and deficiency of 
procoagulants (II, VII, IX, X, and others)


• abnormal red cells shape in chronic liver dx associated with increased RBC destruction 
(Haemolysis)


9. Anaemia of chronic infections


• various parasites especially when there is a heavy load and or long standing infections


• various helminthes, protozoal infections


 


INVESTIGATIONS


− Guided by history and physical examination


− starsts with preliminary investigations


− further investigations will then be dictated by specific findings


1. Full blood counts and PBF examination


1. determines if anaemia present and type


2. shows if leucopenia/leukocytosis present


3. show if thrombocytosis/thrombocytopenia 


2. Haematinic studies:


 seurm iron, ferritin, folate ( or red cell folate), Vit B12 estimation


3. Bone Marrow Aspirate


 visceral leishmaniasis, toxoplsmosis – cytology and culture.


4. Tests to look for parasites


1. stool examination – ova and cysts.


2. rectal snip


3. urine examination – chemistry, microscopy


4. blood smear examination for parasites


5. buffy coat examination


6. splenic aspirate – examination for and culture for parasites


7. L.N. Touch preparation/ FNA/ biopsy.


8. Liver function tests


9. liver biopsy may be necessary in cases


10. diagnostic radiology e.g 
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These are vitamin-K dependent factors
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HAEMATOLOGIC FINDINGS


 Usually complex picture modified by multiple factors such as the pt's nutritional status e.t.c


 Anaemia 


− iron deficiency – reflect chronic blood loss


− normocytic normochromic anaemia – acute blood loss; haemolysis – may be other 
evidence of haemolysis on film


− Macrocytic anaemia :


− floate deficiency in frequent haemolytic episodes


− vitamin B12 deficiency in D. Latum


− malabsorption


− liver dxs


 Pancytopenia


− hypersplenism due to visceral leishmaniasis or PHT


− Bone marrow suppression


 Leucocyte changes


− eosinophilia occurs with most helminthes infections


− monocytosis in malaria


− leukamoid reactions can occur


− leukopenia (neutropenia) – acute P. falciparum and visceral leishmaniasis


 Platelet changes


− thrombocytopenia e. malarial infections 


− thrombocytosis (reactive)


 polyclonal gammopathy


 B.M hyperplasia, RES hyperplasia







HAEMOPOETIC SYSTEM AND PARASITE EFFECTS II


LABORATORY EVALUATION


Protozoan parasites


− malaria


− babesia


− leishmania donovani


− trypanosomiasis


− amoebiasis


− giardiasis


− toxoplasmosis


Metazoan parasites


− schistosomiasis


− filariasis


− hookworm infestation


− trichuriasis (trichiuris trichura)


Laboratory evaluation


− diagnosis


− tests to demonstrate haemopietic and other effects


MALARIA


1. Test blood count


 -  progessive normocytic normochromic anaemia


 - polychromasia / nucleated red cells/fragments


 Parasites on film: desity


 macrocytic picture in chronic malaria with folate deficiency


2. WBC ; count usually normal;


1. monocytosis +/- pigment iin monocytes


3. platelets : reduced in acute malaria


1. hypersplenism


2. immune destruction


3. low grade DIC (disseminated intravascular coagulation)







4. Raised PT (prothrombin time) and APTT (activated partial thrombotin time)


4. Biochemistry


1. raised total bilirubin levels ( indirect)


2. renal function tests


3. blood sugar ; hypoglycaemia in severe malaria


4. raised lactate levels ( metabolic acidosis)


Diagnosis


− Thick film


− thin film


− parasite density identification


− QBC method – acridine orange flouresense of parasites


− Antigen detection tests: chromatographic detection of histidine rich proteins ( parasight F)


− Molecular method (PCR)


LEISHMANIASIS


total blood count


− anaemia : normocytic normochromic


− leucopenia (neutropenia)


− thrombocytopenia


− raised ESR


− Raised C-reactive proteins


Biochemistry


− reduced albumin


− raised gamma globulins


Diagnosis


− bone marrow aspirate


− splenic aspiration (most sensitive)


− buffy coat preparation of PBF


− immunological


− detect antibodies : ELISA, IFAT, IHA; Varying degree of sensitivity and specificity


− CMI – leishman skin tests with intradermal injection of killed promastigotes.







BABESIA


− Haemolytic anaemia


− reduced Hb


− Increased total bilirubin (indirect)


− renal function tests


Diagnosis


− PBF


− PCR


TRYPANOSOMIASIS


− Haemolysis due to phagocytosis of antibody coated RBCs


− also by haemolysins produced by parasites


− moderate leucocytosis


− deranged coagulation (late stage)


− thrombocytopenia


− increased fibrinolysis


Diagnosis


 examination of the blood


 lymph node aspirate


 CSF


 Blood Film ; thick and thin film


 buffy coat preparation


 QBC – florescent dye


METAZOAN PARASITES


BILHARZIA (Schistosomiasis)


− effects of portal hypertension bleeding from varices


− splenomegaly


− granuloma causes various degrees of bleeding – GIT, haematuria


− hypersplenism; normocytic normochromic anaemia; Leukopeina, thrombocytopenia







− degranged liver function tests


− renal dysfunction due to hydronephrosis


Diagnosis


− direct visualization of the parasite


− in urine (S. haematobium)


− in stool ( S. mansoni)


− Rectal sni


− new diagnostic methods detect schistosoma antigen in serum and urine (expensive)


− indirect tests; - chemical reagents strips for detection of red cells and proteins useful in endemic 
areas as surrogate markers.


− Immunological tests


− ELISA, IHA, IFAT, RIA.


HOOK WORM


− 0.03ml/day.worm for N. americanus


− 0.15ml/day/worm for A. duodenale.


− PBF – Microcytic hypochromic


− eosinophilia


− reduced protein; eodema


TRICHURIASIS


− heavy infections involves the caecum upto rectum.


− Blood loss


− direct demonstration of egs and egg count


SUMMARY OF LAB INVESTIGATIONS


− TBC & FBF


− Thick and thin film


− Bone marrow examination


− aspirate of spleen and lymphnodes







− urine and stool examination


− immunological tests


− biochemical tests.
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