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By WILLIAM OSLER, M.D., F.R.C.P

Professor of Clinical Medicine in the University of Pennsylvania.



Our knowledge of the animal parasites infesting the blood has been of late enriched by observations which show that certain of these hæmatozoa, as they are called, are more widely distributed and more important than we had hitherto supposed. Parasites belonging to the spirozoa, and to the nematode and trematode worms, have long been known to occur in the blood of various animals. Recent investigations prove that the flagellate protozoa are also not uncommon blood parasites, and it is possible that they may be the pathogenic organisms of certain diseases. I propose in this communication to give an account of the hæmatozoa which have been found in persons suffering with the various forms of malaria.

Historical.—Our knowledge of the blood-changes I am about to describe, dates from the researches of Laveran, in Algiers, which were communicated to the Paris Academy of Medicine in 1881 and 1882, and which were finally embodied in a large work on the malarial fevers, published in 1884.[2] He found, as characteristic elements in the blood of persons attacked with malaria, (1) crescentic pigmented bodies; (2) pigmented bodies in the interior of the red corpuscles, which underwent changes in form, described as amœboid; and (3) a pigmented flagellate organism. These forms were looked upon as phases in the development of an infusorial organism which he regarded as the germ of the disease. Richard [3] confirmed these observations. A ​more general interest in the question was aroused by the publications of Marchiafava and Celli,[4] who found in the blood of malarial patients at Rome the bodies described by Laveran. They figured carefully the alterations of the organism in the interior of the red corpuscles to which they gave the name Plasmodium malariæ. Councilman, of Baltimore, has more recently confirmed these observations.[5] The pigment granules so numerous in the interior of the red corpuscles in cases of "comatose pernicious fever," and which appear to be included in a hyaline mass are, according to Marchiafava and Celli, and Councilman (who had previously described them[6]) these amœboid parasites deeply laden with altered hæmoglobin.

Technical Details.—The finger pad from which the blood drop is taken should be thoroughly cleansed, and, if the examination is made during a paroxysm, the sweat which may exude after the friction and drying should be removed. Attention to these, apparently trivial, details will secure specimens of blood free from small particles of dirt, and facilitate considerably the search for pigmented bodies. The layer of blood beneath the top cover should be very thin and uniform, the corpuscles, as far as possible, isolated and not aggregated in clumps or in rouleaux. It is well to surround the cover with paraffin if the examination is prolonged. No reagent of any kind should be added. Cover-glass preparations may be made and stained in methyl blue or fuchsin, and mounted in balsam. Osmic acid preparations may also be employed. Although these bodies may be seen with a power of 500 to 600 diameters, it is essential for the satisfactory study of the changes to use higher powers. I have uniformly worked with the ??? homo. immersion of Zeiss, and the ?? im. of Reichert. Stricker's warm stage will be found useful.


Description of the bodies

1. The Forms which Exist within the Red Corpuscle.—(a) The most common alteration in the blood of malarial patients is presented by a pigmented structure inside the red corpuscle. The attention of the observer will most likely be first attracted by the presence of a few dark grains in the stroma, and a careful study of a suitable specimen will soon lead to the conviction that these are not scattered loosely, but are enclosed in a finely granular or hyaline body in the interior of the corpuscle (Fig. 1). The red discs in which








Fig. 1.- Amœboid body in red blood corpuscles. The sketches were made at intervals of five minutes.






they occur are usually larger, look flat, and are very often paler than normal; they may, indeed, exist only as colourless shells. The number of corpuscles so affected varies extremely in different cases. In some instances they are readily found after a search of a moment or two, but, in other cases, a prolonged examination may be necessary. Only one is usually present in each corpuscle, but two or three, or even four, may occupy the stroma. They vary greatly in size, the smaller ones not occupying a fourth of the corpuscle, while the larger ones may almost fill it. A delicate contour line can usually be seen separating the body from the stroma; at times this is very indistinct, particularly if the illumination is very bright. The substance appears hyaline, or very finely granular, and the pigment grains are scattered irregularly in it. They may be very numerous, and give a dark aspect to the body, or they may be scanty. They frequently present rapid Brownian movements. Occasionally a vacuole may be seen in the interior of the body. In several instances the bodies appeared to be enclosed in a clear space—vacuole—in the stroma. When first seen they are more or less spherical, but, as already stated, the outline may be indistinct. The pigment granules may be seen to alter their position in relation to each other. If the margin of the body is carefully observed, slow changes can be seen, which gradually bring about alterations in shape. These movements, which appear to be amœboid in character, can often be traced with great ease. They are well represented at Fig.1, and, better still, at Fig.2. Changes in position of the body in the corpuscle result from them. They are decidedly slower than the amœboid movement of the colourless corpuscle. I have not seen any evidence of migration from the corpuscle. In dry preparations








Fig. 2.—Case VI. Pigmented body in red blood-corpuscle; outlined with camera (???s Zeiss, C eye-piece), by Dr. J. P. C. Grffith; illustrating some of the changes during an hour and a half's observation. a, at 11.45, slow alterations in outline, and the pigment-granules are in active dancing motion. ai, 12.15. aii, 12.25, body has rotated as well as altered its shape. aiii, 12.30. aiv, 12.40. av, 1 o'clock. avi, 1.02.






these bodies stain deeply with gentian violet or fuchsin,and present a granular stroma, in which the pigment grains are imbedded. (Fig. 3.)








Fig. 3.—Cover-glass preparation of blood stained with fuchsin bodies stain deeply in the corpuscles. Some of them are not pigmented.






(b) In seven cases peculiar hyaline structures existed in the interior of the red corpuscles, which differ from the bodies just described, in the absence of pigment and in the much greater activity of the changes. Fig. 4 illustrates the appearance and the alterations in outline. These








Fig. 4.—Sketches of the alteration in form of one of the hyaline bodies; 1, at 7.8 p.m.; 2, at 7.12; 3, at 7.15; 4, at 7.20.






bodies are devoid of structure, and the corpuscles in which they are present are not so pale as those with the pigmented forms. Marchiafava and Celli, who have given an excellent plate of these bodies,[7] regard them as the initial forms of the pigmented bodies. One does occasionally see appearances indicative of commencing pigmentation, but they have not, as a rule, the solid aspect of the pigmented bodies. In three cases I have seen the following remarkable changes. The hyaline body, while actively changing shape, suddenly burst from the stroma, and disappeared, or formed only a few granules. Thus, in a red corpuscle, there were, at 3.40 p.m., two hyaline, irregular-shaped bodies, which were changing rapidly in outline. The alterations were so marked that the physicians present at the time had no difficulty in seeing them. The stroma of the corpuscle was of full colour. At 3.50 p.m., as I was carefully watching these forms, the corpuscle suddenly ruptured, and gave exit to two distinct masses, which quickly
broke up into ten or twelve spherical bodies. No change took place in these after twelve hours, except that they became pale and indistinct. The stroma of the corpuscle became quite colourless. On two other occasions a similar phenomenon was witnessed, but in one no trace could be seen of the extruded material. This is evidently a physical change, and I think these very pale hyaline bodies must be carefully distinguished from the pigmented forms, though possibly associated with their early development. ​

(c) In seven cases there were vacuoles in the red corpuscles containing solid-looking bodies of various sizes and shapes. Certain of these structures resembled micrococci very closely (Fig.5), and stained








Fig. 5.—Cover-glass preparation, showing corpuscle with solid, deep stained bodies in small vacuoles.






deeply in aniline dyes; but others, often in the same corpuscle,were larger, more irregular, and altogether different in appearance (Fig. 6).








Fig. 6.—1, 2, 3, Larger solid bodies in the interior of vacuoles (?) which alter in outline. 4, A red corpuscle, with a small vacuole containing small pigment-granules of a deep brown-red colour.






The smaller ones were usually highly refractile, and,when two were together, the appearance suggested a diplococcus. In three instances these bodies had a deep brown tint, as if composed of pigment. The larger bodies were homogeneous, very variable in size and shape. No movement was noticed in them, but the outlines of the spaces in which they lay sometimes changed actively. In Case 29, these bodies were very abundant, and for days formed the only noticeable alteration in the corpuscles.

2. The Free Forms.—(a) Pigmented crescents. These bodies, which were found in eighteen cases, present remarkable features in appearance and structure. The form was usually that of a beautiful crescent (Fig.7), with rounded or gently tapering ends; but the degree








Fig. 7.—Crescents a, b, c show the slow alterations in the form of the pigment, as sketched at 9.20, 10.40, and 10.55 A.M.  e shows the narrow membrane sometimes present in the concave side.






of curvature was variable, and many forms were almost straight. The length is about double that of the width of a red corpuscle, sometimes more. They are not attached, and they never show any motion. Joining the ends of the crescents—or, more correctly, at a little distance from the points—a narrow line can often be seen on the concave margin (Fig.7, e). The body of the crescent appears made up of a structureless, homogeneous material, in the centre of which is a prominent collection of pigment granules. This, with the peculiar form, makes these bodies very easily recognisable in the blood, even when closely surrounded by the corpuscles. The pigment is very dark in colour, distinctly granular, and varies somewhat in its arrangement. As a rule, it is central and aggregated, either in a heap, or assumes the form of a band placed transversely to the axis of the crescent. In some instances it is more scattered, but I have never seen it at either end of the body. Although the most careful examination fails to detect any movement in the hyaline substance of the crescent, yet the existence of such may be inferred from the very positive movement which the pigment granules undergo. Fig. 7, a, b, c, represents these alterations; changes in form are exceptionally seen, as shown at Fig.8 (1,2,3). A crescent became, within an hour, an ovoid body.








Fig. 8.—a and b show crescents in the interior of red corpuscles; 1, 2, and 3, changes in a crescent.






Sketch 1 was made at 9.40, 2 at 10.10, and 3 at 10.30 p.m. The outline of these bodies is very clear and defined. Ovoid, elongated and rounded forms of identical structure are also met with, but the crescents predominate. The number is variable, from one or two in a slide, to six or eight in the field of the 1-12th im. Though almost always free, they occur sometimes in the interior of a corpuscle, indicating, doubtless, the mode of development (Fig. 8, a and b).

(b) The Rosette Form.—In six instances there were rounded bodies,a little larger than red corpuscles, with a dimly granular protoplasm, and in the centre a rosette
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