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T H E  RELATION O F  MICROTECHNIQUE T O  T H E  

MORPHOLOGY O F  SOME PROTOZOAN 


PARASITES' 

By Professor D. H. WENRICH 

UNIVERSITY O F  PENNSTLVAKIA 

To a considerable extent the diagnosis of parasitic 
protozoa, and c.ertainly the study of their detailed 
morphology, is dependent upon the application of 
technical processes of fixing and staining and the 
necessary accessory procedures. The laxonomy of many 
protozoan parasites is based upon morphological char- 
acters determined by a study of fixed and stained 
specimens. The diagnosis of intestinal protozoa is 
greatly aided by resorting to properly prepared fixed 
and stained slides, and in the experience of my asso-

1Coildeilsed rcith slight revision from the presidential 
address delivered before the American Society o f  Para-
sitologists, December 31, 1940. Tlle complete article with 
illustrations is published in the Journal of Parasitology, 
27:  1, February, 1941. 

ciateb and myself in making protozoological surveys, 
both the number of positives and the accuracy of 
their recognition are greatly enhanced by the study 
of perinanent slides. The tendency to conclllct surveys 
\~-ithout the use of such preparations is to be deplored. 

The following presentation mill be largely concerned 
mith intestinal protozoa, to which I have devoted con- 
$iderable attention for  more than t~iyenty years. Nore 
especially the intedinal arnoebae of man will be con- 
sidered. During these years several thousand slides 
have been made and examined; over 130 different 
chemical substances or different dilutions or combina- 
tions of them have been tried out as  fixing agents; 
but not so much has been attempted mith different 
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stains. I t  is inappropriate aiid impractical to do more 
than refer to some of the more important results 
obtained. 

I n  connection with these studies I am indebted to 
many sources and many individuals fo r  assistance. 
F o r  financial assistance I am indebted to the Special 
Research Fund of the University of Pennsylvania, the 
Penrose Fund of the American Philoqophical Society 
and a special research fund contributed by John 
TCTgeth and Brother of Philadelphia. F o r  technical 
assidance a t  various times my thanks are due to Dr. 
Q. 11. Geiman, Dr. R. 31. Stabler and especially to Dr. 
Sarah H. Stabler. For  help in secnring source mate- 
rial 1 am indebted to many individuals, but more 
especially to Drs. A. D. Ta l tz ,  R. N. Stabler, John H. 
Amett, 1-1.8. Shelanski, J .  H. Clark, A. L. Luchi and 
M. V. Rothman and 1Ir.  R. L. Brown. 

Before taking up  the results of the study of par-
ticular species of parasites, I vish to make some com- 
ments on certain technical processes. 

h1y experiments shorn that time is a relatively unim- 
portant factor in the h i n g  process for  tliese parasites. 
Fixation of smears of intestinal protozoa for  one 
minute wit21 the fixing agents co~nn~only eniployed 
gives results as good as  or better than those obtained 
by fixation for  longer periods of tinie. 

Heidenhain's iron alum hematosglin is probably 
the best and the most commonly used stain fo r  the 
smaller intestinal protozoa. Larger kinds, such as 
many of the ciliates arid gregarines, do not stain so 
well with this stain unless they are sectioned. F o r  
these larger animalc: destainlng with a saturated 
aqueous solution of picric acid mill often give more 
satisfactory results than destaining with iron alum. 
This method%ay be used to advantage for  intestinal 
amoebae but does not do so well fo r  flagellates. The 
Heidenhain method as  described in many books re-
quires a number of hours to carry through. However, 
as reconlmcnded by Craig and Faust,? if the mordant 
and stain are heated to 35 or 40 degrees C., the time 
in each can be cut to tn-o to five minutes and results 
secured which can be used in diagnosis. 

Mager's hemalum is a quick and uscful stain but 
does not stain cytoplasmic stractures well and hence 
is  not so appropriate fo r  flagellates. It may also fail  
to stain the endosomes of species of Elztamoeba. I t  
has the advantage of being rapid m d  of staining all 
parts of a smear with approx~mately equal intensity. 
With proper precautions in interpretation, i t  becomes 
a useful diagnostic stain. 

Feulgen's nucleal reaction is a valuable technique 
for  recognizing certain details of nuclear structure, 

2 H. C. Tuan, Stain Tech.,,:: 135-138, 1930. 
3 "Clinical Parasitology, Lea and Febiger, Phila-

delphia, 1937. 

but results with its use are sometimes disconcerting. 
For  example, it has often been surprising to find that 
a standard Feulgen procedure which produces typical 
coloring of nuclear chromatin in  metazoan nuclei, may 
show a weak coloring or none a t  all in the nuclei of 
protozoa on the same slides. Nuclei a t  one stage in 
the life history of a protozoan may show the proper 
color reaction, mhile those of some other stage do not. 
On smears of the seminal vesicle of earthworms con- 
taining monocystid gregarines, the nuclei of tropho-
zoites appeared to have no color reaction, while nuclei 
of the spores were well stained. Specimens of Cryp-
f o b i i ~  ( T ~ y p a n o p l u s n z a )  from fresh-water fishes showed 
0111s a faint reaction in the nuclens, while the kineto- 
plast (parabasal) was intensely colored. As pointed 
out by AIargolena4 and others, various plant materials 
containing aldehydes, such as lignin, etc., may give a 
positive Feulgeii reaction. I t  is obvious, therefore, 
that nuclear chromatin does not always give a positive 
Feulgen reaction, and not everything that stains by 
this method is necessarily chromatin. 

In  metazoan nuclei the chromatic reticulum usually 
colors by the Feulgen method, while the nucleoli do 
not. There are cases, like some of the large oocgtes, 
when even the reticulum does not show a typical reac- 
tion. Failure of nuclei to shosv this reaction may be 
due to the finely dividccl state of the reacting material. 
For  staining reactions in general, the dispersion factor 
is important. If a stainable material is divided into 
fine granules and scattered amongst non-staining sub- 
stances, the stain, if any, in  tliese small particles, may 
be overlooked or masked by the associated substances. 
As a matter of fact, a close re-examination of the nuclei 
of the trophozoites of the gregarines referred to abo1-e 
revealed that there n-ere fine granules of Feulgen 
reacting material in the reticulum of these nuclei, 
although absent in the endosomes (nucleoli). When 
this material is condensed to form chromosomes at  the 
time of nuclear division, the coloring is  much more 
readily recognizable as  &Ieglitsch5 noted f o r  En&-
moeba blattae. The Feulgen method is an important 
technical procedure, but here, as always, interpretation 
needs to be mide with due caution. 

A few results of experiments v i th  diderent fixing 
agents will be referred to. One of the methods of 
experiment has been to study the effects of the con-
stituents separately and then put  them together again 
in different IT-ays. This has been done for  some of the 
com~nonly used fciing solutions. Various dilutions of 
mercuric chloride, alcohol, acetic acid, picric ,acid, 
chromic acid, etc., haye been tried ancl approximately 
one hundred new combinations of them-with variou5 
other substances added-have been tested. None of 

4 Stain Tech., 7 :  9-16, 1932. 
5 Jour. Parasitol., 28 : 441-442, 1939. 
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these new combinations has appeared to have any 
great superiority over those in common use. 

A study of the effects of different concentratipns 
of some of these commonly used ingredients showed 
that weaker solutions, such as 25 per cent. to  50 per 
cent. of saturated mercuric chloride; 1per cent. to 5 
per cent. acetic acid or 50 per cent. alcohol a re  more 
satisfactory k i n g  agents f o r  intestinal protozoa than 
stronger concentrations. I t  was shown by Dr. Geiman 
and myselfvhat  one-half-strength Schaudinn's fluid is 
a satisfactory fixing agent for  these organisms, and I 
have further foun'd that even one-fourth-strength does 
very well f o r  the same species. I t  is suggested that 
new fixing solutions which are much weaker and there- 
fore more economical than those commonly employed 
may well be devised. 

Schaudinn's sublimate alcohol, with a little acetic 
acid added, is  probably more commonly used as a 
k i n g  agent for  intestinal protozoa than any other 
single fixative. This is desirable, since i t  is a great 
advantage to have different workers use some one 
method so that comparison of results will be more 
valid. However, this fixing solution does not always 
give the same results, as  explained beyond, and it  is 
not the best k a t i v e  fo r  many of the larger protozoa, 
such as  the larger ciliates and gregaines, since it 
causes too much shrinkage and distortion. I t  is always 
advisable to t ry a number of methods with each dif- 
ferent species to be investigated, in order that more 
worth-while results may be obtained. 
. As might be expected, many protozoa present dif- 
ferent appearances when treated with different tech- 
niques. However, the same technique does not always 
produce the same result with the same species of 
parasite, because of the variability of the organisms 
themselves or of the environments in which they are 
found; and the different species often give different 
results with the same technique because of inherent 
specific differences. I t  is obvious, therefore, that a 
number of techniques needs to  be employed to secure 
anything like a full picture of the morphology of any 
one species, and a single method is usually not appli- 
cable to any considerable number of species. 

To show the effects of certain reagents and to illus- 
trate the application of the general statements made 
above, it will be convenient to refer to a few particular 
species of protozoan parasites. 

Various workers have shown that the parabasal body 
of trichomonad flagellates does not ordinarily stain 
with iron hematoxylin when the flagellates are  ftxed 
with Schaudinn's fluid with a small amount of acetic 
acid added, but does stain when they are fked with 
Flemming's fluid or other chrom-osmio combinations. 
Grass67 and his associates have stated that acetic acid 

6 Stain Tech., 8:  158, 1933. 

is especially destructive of the parabasal body in these 
organisms. KirbyS has shown that even though the 
parabasal will not stain with Heidenhain's after 
Schaudinn's fluid plus acetic, it will stain with Dela- 
field's hematoxylin. 

When Trichomonws mu& is fixed in Schaudinn's 
plus 5 per cent. of acetic and then some of the slides 
stained with Heidenhain's and some with Delafield's, 
the difference in appearance of the flagellates is very 
striking. After Heidenhain's the parabasal body fails 
to stain but all the other organelles, including the large 
number of cytoplasmic granules, usually stain in-
tensely. After Delafield's the parabasal stains but the 
cytoplasmic granules are stainless and practically in- 
visible. Since such granules are considered diagnostic 
fo r  certain species, the differences here might readily 
be misinterpreted if they were not known to be the 
result of different stains. That acetic acid does not 
destroy the parabasal body of T .  mu.ris is shown by 
the fact that this structure will stain with Delafield's 
even when the flagellates are fixed in 20 per cent, acetic 
acid used alone. When such smears are  treated with 
Heidenhain's none of the cytoplasmic organelles stain. 

Cysts of Girardia lavtblia, from the small intestine 
of man, tend to show a remarkably constant staining 
reaction with iron hematoxylin when a variety of 
fixing agents are employed, although the amount of 
shrinkage within the cyst membrane may vary consid- 
erably. The endosomes of the nuclei and the various 
parts of the fibrillar apparatus conlmonly show a n  in-
tense coloration with this stain. There are some inter- 
esting exceptions, however. I n  one case fixation with 
chrom-acetic with a little copper oxide added produced 
practically no shrinkage inside the cyst wall but none 
of the cell structures was stained. Phosphotungstic 
acid hematoxylin was found to stain the peripheral 
layer of the nucleus in Giardia cysts when Heiden-
hain's seldom does, and this feature of nuclear organi- 
zation is commonly overlooked. While the staining 
reactions within the cysts of Giardia. are usually fairly 
uniform, sometimes they are surprisingly variable. 
Even on the same slide one may find variations from 
practically no stain to strong staining of organelles. 
Such individual variations are difficult to explain in  
terms of variation in the environment. 

Since the genera of endozoic amoebae are differen- 
tiated to a large extent by the differences in  their 
nuclear structure, the effects of different reagents on 
these nuclei were studied. 

Attention had previously been called to  the fact 
that higher percentages of acetic acid added to Schau- 
dinn7s fluid tended to reduce the stainability of the 
endosome in the nuclei of the cysts of Iodamoeba 

7 Arch. 2001.Emper. et Gen.,65: 345-602, 1926. 
8 l 'r. Am.  Uicr .  Soc., 5 0 :  189-195, 1931. 
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~ 1 . ~There i i  rrluch variation in these reactions, 
but when varioxis strengths of acetic acid were uqed 
alone as fixing agents, 20 per cent. or liighe~. t a u ~ e d  
the nucleus to  lose i ts  stainability in iron hemaiusylin. 
When one half of a ~ a t a m t e d  solution of rncrcuric 
chloride was i~sed  a s  a fixing ngcnt, thc rlnclt~i in 
Inclrmo@bu tended to stain ho~nogeneouslg with IIei- 
denhain's, but with hernaluru tlle entire nucleus stained 
lightly except a ~ ~ n a l l  I t  is  g ~ a n u l e  in  the cbndoqomc. 
possible that this granr~le reprcients a centriole. 

F o r  Er~dulinza.~ tznrLn Stabler1o shov~ed that ~'llelt 
flie content of acetic acid in Schandinil's fluid was 
increased to 15 or 20 13er cent., thc cndosonm of the 
nncleus staiiicd less ~cad i ly  ~vitli iron hcmatoxylin. 
This result seems to be characteristic fo r  this species 
but there are Inany variations. One sometimes finds 
nuclei with unstained endosomes eren when no ixcetic 
has been added to the Schaadina's fluid used as the 
fixative, and ~ i ~ h e n  20 lrcr crnt. of acetic is added, one 
may find that stair~ability of the endosomcls has been 
retained by somc of thc nuclei. Acetic acid nsed alone 
as a fixing egerit may reduce the subseynenl stainabil- 
ity of the endosomes wen in concentrations nb low a s  
2 per  cent. and when 20 per  cent. is u-eii alone the 
nnclei fail  to stain. I n  cornbination with other sub- 
stances the effect of acetic acid varies. Adding 5 per  
cent. t o  saturated mercuric chloride solution incrcase.; 
the stainability of the cndosome, but whm the same 
strength is added to one-half saturated solution, the 
stainability of the endosonre is dec~*eaic,d. Adding 5 
per cent. of neetic to 50 per cent. alcohol decreases the 
stainability of the endosorne, but does not do so vhen 
added to 95 pcr cent. alcohol. It rno~~ldsccm that ihe 
stronger seagents prevent tlre action of the acetic 
toward clinlinibllir~g the stttinability of tltcx e~idosome. 
These expcrinlents Twre carried out on the tropliic 
stages. 

Gegalll Iins ralletl atLention to the fact that "l_c~~iis" 
were procluccd on the cysts of End,O1'?tii(zx ' I Z ~ ~ Z GI~OI-e  
frequently when they were fixed in picromt~re~ric  than 
wlien fixed with Schaudinn's auil sereral other fixa- 
tives. She also noted that different races of thi-, 
species hacl different teridencies in regard to the for- 
mation of L'bnds." The present sttrdy has colrfirmed 
the work of Segal and has shown Curtl-~cr that "bu(1su 
can be prodrrced by 25 tu 50 per cent. awtic acid. 

Both hcmalu~n and phosphotungstic; acid l~ematoxy- 
Iin, after most fixative.: used, had n greater affinity 
l o r  the peripheral layer of the ntrclcu> of K. ilalia than 
did iron hcmatoxylin. 

Z)ie?zturnoeba f J ngilis ill its rcaction to tec.ltnical 
agents shows many contrasts to the olher anlocbae liv- 

3 D. H. Wen~ic l~ ,  Soc.,Proc. dm. Phil. 7 7 :  183-205, 
1937. 

lo Jour. Parasitol., 18: 278-2231, 1932. 
11 At~t .Jour. n y g . ,  15: 'i41-;50, 1 ~ ~ 2 .  

ing in man. It is usnally necesaaly to  add fibom 1 0  t o  
20 per cent. of aeetic acid to Schaadinn's fluid to get 
the* nnclci 1o ytaiii with IIeiilenhain's. But 1here are 
interesting exception<. In  some cases, when nuclei 
failecl to  stsin after Xchaudinn's ~171s 5 pel. ceni. of 
acetic, they 5taiaed very well when the same material 
n a s  fixed in one-half-strbe~lgtli of the s a n e  fixing solu- 
lion. Tn certain cases stainability of' the nuclei wac; 
grcater ~ v l ~ e n  only 2 per cent, of acetic. was added to 
SrIiaudinn7s than .rvhtm 5 pel. crnt. TI-as acldecl, as i t  
x7as also when 20 per cent. wns added. I n  sorue other 
cRse;, tlie nuclei h a ~ e  stained rcadily after Soliattdinn's 
withont nny acetic adiled. I n  one such caw tile feceb 
were strongly acicl to litmr~s q(t that it is supposed that 
o~ganic  ~ c i r l s  in feces ~ ~ o u l d  affect the stairlability of 
the nuclei upon fixation in sublimate alcohol. It is 
obvious, therefore, that the envirorirnelital conditions 
may markedly :iffeat the ~nesults of such .technical 
processes. 

Expcbrinienth sIrolv that acetic acid will increase the 
stainability of the rluclei of this species ~vhen acldcd 
to nlercrlric chloride, alcohol and other single sub- 
htances. When nsed alone iri any strength from 2 to 
100 per cent., the nuclei of Dic9ltamoeba are rendered 
stainable ~v i th  iron hematoxyIin. Bouin's Buid is an 
excellent fixatire and hernalulli an excellent itnin f o r  

Entanboeba i1,isto7yLicn shares with Endolinza+c 2:ccna 
ancl I o r l ( w ? ~ ~ ~ b nbiilscit7ii the tendency for  the endosome 
of the nucleur; to lose stainability with EIeiilenhain7s 
~vlren incrensing strength of acetic acid are added to 
Sclinuclinn's fixing solution. The stainabrlity of the 
endosome ning be lod  1\-11eft 5 per cent. acetic is used 
a l o n ~ ,  and when 20 per cent. is usecl the entire nuclelts 
reinnins nl~stained. ITlren 60 per cent. is nsecl a s  tlie 
fixatire, some stainability 1t13y i.~niain in  the peripheral 
layer of the nucleus. After 50 per cent. acetic a xvicle 
b1rrinkag.e space appeared btst~i-eeri the cytoplnsin of 
cyqts and tlre cyst meml_crnne, o r  else extensive extru- 
>ions of cytoplasm mere produced. The,e relatively 
enorrnous "bud?" lacked a definite horlndary a t  their 
onter surfac~cs, in contrast to "buds" produced by 
other agents. Pixntio~l with Bonin's fluid inay cause 
shrinkago spaces to appear either inside or jrrst outside 
the nucleus uf trophic s tag~s ,  or, in some caaes, inay 
cau,c tlle endosome to fail  to stain with iron herna- 
toxytln. -4lcoltolic Bouin's rnar proclnce "bntfb" on 
the v y ~ t so f  E. hl to lp t iea .  

The cysts of Entnt i to~ba coli often +horn llluch more 
~: i r iz t ion in stainability than other species ~i%en fixed 
with Srhnndinn's fluid and stained v i t h  lleidenhaia's. 
J-Ieinalum stains these cysts much Inore unifornlly. 
Hig11er yerctyntagcs of acetic acid added to Sckar~clinn's 
fluid have less tc.ndency to dnnrnish the stainability of 
the nuclei than in the case of E. histolyticn. When 50 
to 100 per cent. of acetic acid ir used alone as a h a -
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tive, there usually appear in the cysts of E. coli exten-
sive shrinkage areas betreen the cytoplasm and the 
cyst membrane or there may be large extrusions or  
"buds," a s  in  E. histolytica. These "buds" appear to 
have been produced explosively and lack a definite 
boundary a t  the outer periphery. 

That different species of intestinal amoebae show 
divergent reactions to the same technique has been indi- 
cated in the preceding accounts. These differences 
probably represent chemical peculiarities in  the com- 
position of the nuclei of these several taxonomic cate- 
gories. Such differences mere revealed by fixing the 
five species of amoebae found in the intestine of man 
with the same fixing agent, namely, Schaudinn's fluid 
plus 5 per cent. of acetic acid, and then staining them 
by three different methods: Heidenhain's hematoxylin, 
I\layer's hemalum and the Feulgen reaction. I f  our 
attention is confined to the nuclei i t  may be noted that 
the picture that has been considered characteristic fo r  
each species is given by the Heidenhain's stain. F o r  
Entamoeba histolytica and E. coli the endosome and 
peripheral layer stain ~vell and a certain amount of 
periendosomal material also. This periendosomal ma- 
terial is usually more voluminous in  E. coli. F o r  
Iodanzoeba biitschlii there is no peripheral layer but 
the endosome and periendosomal layer stain deeply. 
For  Endolimaz n w a  the endosome stains deeply but  
the peripheral layer does not stain so well. With 
Die~tamoeba fragilis no peripheral layer is seen, but 
the central nuclear mass stains well. 

With hemalum the peripheral and periendosomal 
layers of E. coli and E. hwtolytica stain well, but  the  
endosome tends to remain unstained, especially in  E. 
histolytica. I n  Ioclamoeba. the endosome tends t o  s tain 
more lightly than the peripheral layer, especially in 
the cysts, while in Endolinzax both the endosome and 
the peripheral layer stain well. I n  Dientamoeba the  
stain is about the same as  with Heidenhain's. 

After Feulgen's technique only the periendosomal 
material of E. histolytica and E. coli show a coloration 
which is weak, but usually more pronounced f o r  E. coU. 
I n  Iodamoeba only the periendosomal layer stains but 
the reaction is strong. I n  Endolimax: only the periph- 
eral layer stains but the reaction is weak. I n  Di-
entamoeba the reacting material is apparently identical 
to that which stains with Heidenhain's and hemalum. 
These evidences of chemical differences in  the consti- 
tution of the nuclei of different kinds of intestinal 
amoebae offer important confilmation to the validity 
of the taxonomic groupings that have been established. 

It may be well to repeat that different techniques 
may produce decidedly divergent appearances i n  the 
same species of parasite; on the other hand, there may 
be much variation in the appearances of various races 
or strains'or individuals of the same species when 
treated with the same technique due to peculiarities of 
the organisms themselves or to differences in t h e  
environment a t  the time of fixation; various species 
give divergent reactions to the same technique because 
of inherent differences in their chemical constitution. 

SCIENTIFIC EVENTS 

MEDICAL FELLOWSHIPS O F  THE NA-


TIONAL RESEARCH COUNCIL 


FOURTEEN in-fellowships in the medical sciences, 
cluding four renewals, were awarded i t  the recent 
meeting of the Medical Fellowship Board of the 
National Research Council, Washington, D. C., of 
which Dr. Francis G. Blake, Sterling professor of 
medicine a t  Pale University, is the chairman. A list 
of the successful candidates and institutions where they 
are  to work follows : 

Reginald M. Archibald (renewal), Hospital of the 
Rockefeller Institute. 

Lindsay E. Beaton (renewal), Northwestern University. 
Lauritz R. Christensen, New York University. 
Albert H. Coons (renewal), Harvard Medical School. 
William J. Darby, Jr., Columbia University. 
J. Russell Elkinton (renewal), Yale University. 

Frank L. Engel, Yale University. 

Nathan B. Friedman, Yale University. 

Robert Hodes, University of Pennsylvania. . 

Max N. Huffman, Columbia University. 

Joseph L. Irvin, Columbia University. 


Harry Lusk, University of Michigan. 

Maclyn McCarty, Hospital of the Rockefeller Institute. 

Francis D. Moore, Harvard Medical School. 

Richard J. Porter, Harrard Medical School. 

Douglas S. Riggs, Yale University. 

Richard B. Singer, Harvard hledical School. 

Stewart G. Wolf, Cornell University Medical College. 


I n  addition to  the above, in the new series of fellom- 
ships announced last fall for  work in the filtrable 
viruses and orthopedic surgery, made possible through 
a grant from the National Foundation for  Infantile 
Paralysis, Ino., seyen fellowships weye awarded, as 
f olIows : 

Seymour S. Cohen, Rockefeller Institute for Medical 
Research, Princeton. 

Charles E. Evans, University of Rochester. 
Robert H. Green, Hospital of the Rockefeller Institute. 
Walter P. Havens, Jr., Hospital of the Rockefeller In-

stitute. 
Joseph L. Melnick, Yale University. 
Eleanora itiIolloy, Columbia University. 
Addison B. Scoville, Vanderbilt University. 


