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Introduction
	Malaria had recently been cited by the World Health Organization as one of the 6 most important infectious diseases in the world. Despite extensive eradication programs, this parasite continues to cause worldwide suffering due to devastating morbidity and mortality.  In this country, malaria and many other tropical parasites, appear sporadically in times of peace and are receiving only minimal attention in medical school curricula.  It is important, therefore, that when you are dealing with clinical specimens such as blood, you must be alert for the possible presence of parasites, such as malaria.
	This unit was designed to introduce you to the biology of the malarial parasite, including especially the stages of the developing parasite which you may encounter in a peripheral blood smear, and also to explain the effects of this development in the human host which cause illness.
	Even though there are five recognized human malarial parasites, P. falciparum, P. knowlesi, P. malariae, P. ovale, and P. vivax,  this unit will introduce you to the stages of the developing parasite which you may encounter in a peripheral blood smear, and also to explain the effects of this development in the human host which cause illness.
	This learning unit does not cover the differential diagnosis of the species that infects man.
	At the conclusion of the unit, you will take a post-test that is located in the back of the unit.



HAVE FUN, AND GOOD LUCK!






OBJECTIVES FOR SELF-INSTRUCTIONAL PACKAGE ON MALARIA

	You will be able to define and discuss the erythrocytic development of human malaria at the end of this unit. You will:
1. Demonstrate knowledge of the general life cycle of Plasmodium by:
a. naming and defining the various stages in the general life cycle in the proper sequence.
b. stating the location in the proper host in which each of these developmental stages occurs.
2. Demonstrate knowledge of the sequence of schizogony and its pathophysiology by:
a. recognizing the development sequence of shizogony from the point at which the parasite enters a red blood cell through the appearance of a mature schizont, using P. malariae as a model,
b. correlating chills and fever with the stages of schizogony. 













Malaria in man is an arthropod-transmitted disease and is caused by infection with  protozoa in the genus Plasmodium. This protozoal parasite is transmitted generally by a blood sucking female Anopheles mosquito. The mosquito serves a requisite role in the transmission of this disease, as there is a phase of sexual reproduction by the parasite in the body of the mosquito.
	Proceed to the following statements, and complete them by filling in the blanks.




1. The correct generic name for the malarial parasite is ____________________.

2. Infection with this parasite is transmitted to man when an infected mosquito _________________.


3. The Anopheles mosquito hosts _____________  reproduction by the malarial parasite.

Turn to the next page and see the correct answers. Review text if you selected incorrect answers.







	You are correct if you answered 1. Plasmodium, 2. bites, feeds, or sucks blood, and 3. sexual. If any answers were wrong, reread the paragraph and then continue.
	The host which harbors sexual reproduction in the life cycle of a parasite (the mosquito in this case) is termed the DEFINITIVE HOST.
	In humans, the parasite multiplies by a unique form of asexual division called SCHIZOGONY. The host that harbors asexual parasite reproduction is termed the INTERMEDIATE HOST;  therefore,  man is the intermediate host for Plasmodium.
	
Complete the following by filling in the blanks to check and see if you have understood the two phases of the malarial life cycle.

	The Anopheles mosquito is the a) __________________________ (intermediate; 
definitive) host for malaria, as the protozoa undergoes b) ________________ (sexual, 
asexual) reproduction in her body. Man is the c) ______________ (intermediate; 
definitive) host for this parasite. In man, malaria multiplies by a process known as d) ___________.












If you chose answer a) definitive host, b) sexual, c) intermediate host, and d) schizogony, then you’re doing great. You have learned the concept of a two phase life cycle for Plasmodium sp., with sexual reproduction in the mosquito and asexual reproduction in man and you understood that infection spreads from man to man by the bite of the mosquito. You are off to a good start. If your answers were wrong, review these concepts by rereading the first two paragraphs again. 
	Learning and understanding the life cycle of malaria will require that you learn the names of the different stages of the protozoal infection. New terminology will be defined for you when it is first used.
	
















Let’s start with the asexual reproduction of Plasmodium in man. When the mosquito bites (ouch!), she injects some saliva that contains the infective stage of the parasite, the SPOROZOA.


The sporozoa travel to the liver and penetrate liver cells (hepatocytes) and each sporozoan undergoes multiple binary fission. The hepatocyte ruptures and releases the many new parasites that were produced. These immature stages when freed, enter into the blood stream.
	The phase in the liver is cryptic; that is, there are no clinical signs of infection during this phase. The initial cryptic phase of multiplication in the liver is the EXO-ERYTHROCYTIC PHASE, as there are no parasites yet in red blood cells.
	In the paragraph below, review this early phase of infection in man and complete the sentence.
	The infective stage for man is the a) ________ and is injected by the bite of an b) 
_________ mosquito. The initial phase of multiplication occurs in the cells of the c) 
_________ and this period is termed the (erythrocytic: exo-erythrocytic) d) ________ 
phase. There e) _____________ (are; are not) clinical symptoms during this time.
	









If you remembered that the a) sporozoa are infective when present in the saliva of 
an b) Anopheles mosquito, and that the primary organ parasitized is the c) liver, good for 
you!  The d) exo-erythrocyte phase e) is not accompanied by illness.

	Now that the parasites are out into the circulation, where do they go?



			Into the red blood cells!



The parasites attach to the surface of the RBC membrane (probably onto blood 
group antigens such as Duffy) and penetrate the cell. The young parasite now rounds up, 
and has a thick rim of cytoplasm and an excentric nucleus. It looks like this is a stained 
blood smear.








This form of the parasite (the first form after entrance into the RBC) is termed the TROPHOZOITE or the signet ring form.
Different species of Plasmodium have different size trophozoites and different numbers of trophozoites may be found in a single RBC.
The trophozoite now beings the unique asexual reproduction we mentioned earlier, SCHIZOGONY. This is repeated nuclear multiplication occurring prior to cytoplasmic division. The trophozoite becomes amoeboid (alters its shape by movement of protoplasm), with the nucleus dividing into fragments that stay distributed in the one large cytoplasmic mass. Then, when mature, the SCHIZONT splits up into separate units. (The number of units formed in a SCHIZONT is different for each species of Plasmodium).  A general scheme of multiplication is shown below, using one species as a model, Plasmodium malariae.





The scheme shows a maturing SCHIZONT which eventually develops 8 separate new parasitic units. (The dark mass in the center is malarial pigment which is degraded hemoglobin).









The red cell ruptures, when the schizont is mature and the units escape.




Each unit formed in the schizont is termed a MEROZOITE. Therefore, P. malariae has 8 merozoites formed in a mature schizont.

After you have studied the above section on schizogony, complete the following:

1. Draw the development of a schizont below, in as many steps as you choose.

2. Another name for the ring form is ________________________.

3. True or False. _________________ The trophozoite becomes amoeboid before schizogony begins. 











	Check back with the sequence in the text, for comparison with your answer # 1. Answer # 2 is trophozoite, and you should have selected True for answer # 3. 
How did you do? (Check one)



Do you think you understand the maturing sequence of a schizont? If no,  reread the section and study the illustrations again. If you have grasped this concept, continue on. 
When the merozoites escape from the ruptured red cells, each goes to penetrate a new red cell. The cycle begins again. The merozoite rounds up to form the ring or trophozoite shape, becomes amoeboid, and undergoes schizogony producing a new crop of merozoites which escapes the old RBC and invade new ones. This cycle is termed therefore, ERYTHROCYTIC CYCLE. From each merozoite, many new merozoites are formed. The erythrocytic cycle repeats over and over again.













The time required for schizogony is rather specific for each species of Plasmodium.  For example, Plasmodium falciparum undergoes a cycle of schizogony in 72 hours. Therefore, every three days a large crop of new merozoites are released from ruptured RBC. Plasmodium knowlesi undergoes a cycle of schizogony in 24 hours! This sequence of the repreating erythrocytic cycle of schizogony naturally results in an anemia, as many RBC are destroyed at the end of each cycle. 
When the cells rupture, much pyrogenic debris is released. This results in the patient having chills, followed by a spiking fever. The fever and subsequent weakness occur during the parasites’ invasion and maturation sequence.
This chills, fever and weakness syndrome is termed a PAROXYSM.
The red cell debris, and freed malarial pigment are taken up by the phagocytic cells of reticulo-endothelial system throughout the body. (Those hungry little devils!). For example, a liver biopsy from a patient with recent malaria will have kupfer cells which are loaded with malaria pigment.















Complete the following:
1. The ____________________ cycle refers to the process of _____________ taking place in red blood cells.

2. A patient with active malaria would have a ________________ (high; low; normal) RBC count.

3. A patient with a spiking fever every three days might have _____________ included in his suspected differential diagnosis. Would a travel history be helpful to have?


4. True or false ._____________. Malaria pigment may be found in the fixed phagocytic cells throughout the body.



























	     If you answered 1) erythrocytic and schizogony; and 2) low, good! 3) Plasmodium falciparum should be among the suspected causes of this patient’s condition, especially if he has traveled abroad, and 4) true, and can be helpful in diagnosis of a past or present malarial infection.

		     At a certain point, some parasites in RBC do not undergo schizogony but instead develop into sexual stages termed GAMETOCYTES. Formation of the __  and ___sex cells is termed GAMETOGONY, which occurs in man. 

		     When a mosquito bites man and ingests gametocytes, the RBC-enclosed macrogametocytes in the stomach of the mosquito become free macrogametes. The microgametocyte speedily matures and releases several motile microgametes (the release of flagellated microgametes is known as exflagellation). One of the microgametes fertilizes the  macrogamete. This union of   microgamete and   macrogamete produces an OOKINETE (the motile zygote).

		    This fertilized zygote, the OOKINETE, moves to the outer layer of the gut wall of the mosquito, and forms a tumor life mass, (an OOCYST) from which many sporozoites are produced. These motile sporozoites escape, go to the salivary gland, and the cycle is ready to continue when the mosquito next feeds. 




















		   To summarize, the developmental process in the mosquito is termed SPOROGONY. It is a process of a) fertilization (union of   and    sex cells) which forms an oocyst, and b) meiosis followed by repeated mitosis forming many sporozoites, the stage infective for man.




		    Complete the following review by filling in the blanks correctly: a)_______ are 

the sex cells in malaria. The male sex cell is termed a b) ________, the female a c) 

_______. These are formed in d) _________ (man; mosquito). Fertilization takes 

place in e) _________ (man; mosquito). The fertilization zygote is called an f) 

________. Sporozoites form in the g) __________. The infective stage for man is __________________.


















If you answered a) gametocytes, b) microgametocyes, c) macrogametocyte, d) man, e) mosquito, f) ookinete, g) oocyst, h) sporosoite------ you’re a know-it-all!

If you need to, review the developmental cycle in the definitive host (the mosquito of course).


LUCKY YOU!!!
































				Review of Life Cycle of Malaria






































				You may turn to the next page
Congratulations! Give yourself an “A” for achievement. You have just completed the text portion of this S.I.P.

Now—(are you ready for this?)

Turn to the post test sheet, and use this test to see if you have mastered the material.

If you need to review the package again, either before or after the tests because of weaknesses in your knowledge, do so.

If you scored over 85,  GIVE YOURSELF AN “A” for ACCOMPLISHMENT.

I hope you have enjoyed this package, and will continue you inquires further, using texts and other learning materials on this topic.

























POST – TEST

1. Place the following stages in the life cycle of malaria in the proper sequence:
a. Merozoite
b. Schizont
c. Gametocyte
d. Trophozoite
e. Exoerythrocytic stage
f. Sporozoite
_____. _____. _____. _____. _____. _____. 
2. Match the following with their most appropriate location:
a. Exoerythrocytic stage		____ red blood cell
b. Malaria pigment		            ____ stomach wall
c. Gametogony			____ hepatocyte
d. Sporogony			            ____ salivary gland
e. Sporozoite			            ____ reticuloendothelial cells

3. Arrange the sequence of sporogony in the proper order, using the terms given below:
a. Gameotocytes
b. Ookinete
c. Exflagellation
d. Sporozoite
e. Fertilization
f. Oocyst
	_____. _____. _____. _____. _____. _____. 

4. Matching:
_____SPOROGONY:	A. Nuclear multiplication occurring prior to cytoplasmic division.
_____SCHIZOGONY:	B. production of male and female sex cells.

_____GAMETOGONY:	C. Meiosis proceeding multiple mitosis.



5. Place the following stages of schizogony in the proper sequence:




	ANSWERS = _____. _____. _____. _____. _____.
6. Meiosis followed by mitosis occurs in which type of protozoal reproduction? (Circle the correct letter)
a. Gametogony
b. Binary fission
c. Sporogony
d. Schizogony
e. Endodiogeny

7. Complete this chart which correlates pathophysiology with with erythrocytic stages of schizogony.
	CLINICAL SYMPTOM			STAGE IN SCHIZOGONY
	Weakness									
	Chills									
	Fever									
							(maturing schizont; schizont ruptures; trophozoite)








ANSWER SHEET FOR MALARIA UNIT POST TEST
15 Points Total

1) (15  POINTS TOT

__F__		__E__		__D__		__B__		__A__		 __C__

2) (15 POINTS TOTAL)
C
D
A
E
B
3) (15 POINTS TOTAL)

__A__		__C__		__E__		__B__		__F__		 __D__

4) (15 POINTS TOTAL)

SPOROGONY: C
SCHIZOGONY: A
GAMETOGONY:B

5) (15 POINTS TOTAL)

__C__		__E__		__B__		__A__		 __D__

6) (10 POINTS TOTAL)
C
7) (15 POINTS TOTAL)
Maturing schizont
Schizont ruptures
trophozite






						The end.
