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Due to increasing numbers of patients with documented infections with
Cryptosporidium and other coccidia, it is important for the physician and clinical
laboratory to be aware of the appropriate diagnostic techniques necessary for
organism recovery and identification. Although Cryptosporidium is found in the
gastrointestinal tract, tissue biopsies may be insufficient for organism recovery;
the examination of stool specimens is a noninvasive procedure and will provide
better overall opportunities for organism recovery. Human clinical specimens
were examined from 45 patients with confirmed cryptosporidiosis or suspected of
having the infection. Tissue biopsy sections, fecal wet preparations, and perma-
nent stained smears were examined. Stool specimens were submitted in 10%
Formalin, 2.5% potassium dichromate, and polyvinyl alcohol and were examined
for oocysts by using 15 different methods: phase-contrast and light microscopy;
Sheather's sugar flotation; Formalin concentration techniques; 10% potassium
hydroxide; Giemsa; trichrome; periodic acid-Schiff; modified periodic acid-Schiff;
silver methenamine; acridine orange; auramine-rhodamine; Kinyoun acid-fast;
Ziehl-Neelsen carbolfuchsin; and a modified acid-fast procedure. Each technique
or combination of techniques was assessed by organism quantitation, organism
morphology, and ease of visual recognition. Based on these comparative studies,
the modified Ziehl-Neelsen carbolfuchsin stain on 10% Formalin-preserved stool
is recommended for the recovery and identification of Cryptosporidium.

In 1981, the Centers for Disease Control be-
gan reporting the occurrence of Kaposi's sarco-
ma and other severe opportunistic infections in
previously healthy, young homosexual men (5-
9, 17, 18, 20, 21, 27, 28, 31, 36, 42, 53). Numer-
ous reports have appeared concerning a number
of opportunistic infections and neoplasms, not
only in homosexual and bisexual men, but also
in other groups such as Haitians living in the
United States, hemophiliacs, transfusion recipi-
ents, intravenous drug users, and contacts and
children of high-risk patients (10-12, 14, 15, 26,
29, 33, 34, 44).

This syndrome has been called the acquired
immunedeficiency syndrome (AIDS), and over
1,000 cases have been reported in this country
and abroad (25, 40, 50). The AIDS syndrome has
been associated with high mortality rates, rang-
ing from approximately 20% for those with Ka-
posi's sarcoma alone to over 70% for those
individuals with concurrent neoplasms and other
opportunistic infections.
Among the opportunistic agents is Crypto-

sporidium, a coccidian parasite that has been
implicated in intestinal disease, primarily in
immunosuppressed patients (3, 4, 32, 43, 45, 46,

51, 52). Clinical symptoms include nausea, low-
grade fever, abdominal cramps, anorexia, and 5
to 10 watery, frothy bowel movements a day,
which may be followed by constipation (35, 38,
39, 47). Recent information also supports previ-
ous suggestions that cryptosporidiosis is a zoo-
nosis and that Cryptosporidium is not host spe-
cific and is probably transmitted by the fecal-
oral route; data also support the contention that
cryptosporidiosis occurs not only in immuno-
suppressed or -compromised patients, but also
among immunocompetent individuals (1, 19, 37).

Previously, the majority of cases had been
diagnosed after examination of small or large
bowel biopsy material. However, recent cases
have been diagnosed by recovering oocysts (4 to
6 ,um) from fecal material by flotation tech-
niques, many of which use unpreserved speci-
mens. Due to the risk of infection not only with
Cryptosporidium, but more importantly, with
the potentially infectious agent of AIDS, our
laboratory was interested in developing and per-
fecting techniques which use preserved materi-
al. A number of different techniques and mod-
ifications were tried; for the recovery and identi-
fication of Cryptosporidium, the most sat-
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isfactory method appears to be the modified
Ziehl-Neelsen carbolfuchsin stain, using stool
material preserved in 10% Formalin.

MATERIALS AND METHODS

Multiple specimens were examined from 45 pa-
tients; 8 patients were positive for Cryptosporidium (7
with AIDS, 1 with congenital immunoglobulin defi-
ciencies). Fecal specimens were submitted to the
laboratory in three separate vials, each containing one

of the following: 2.5% potassium dichromate, 10%
Formalin, or polyvinyl alcohol (PVA) (22, 39). The
10% Formalin and PVA fixatives were supplied by
Meridian Diagnostics (Cincinnati, Ohio), and the 2.5%
potassium dichromate was prepared in our laboratory.
Patients and hospital staff were instructed to place 1 g
(or 1 teaspoon) of fecal material into each vial and mix
well.
Due to the possible presence of Mycobacterium in

the stool specimens, all smears prepared from 10%
Formalin and potassium dichromate were heat fixed
for 10 min at 70°C before staining. All centrifugation
procedures were performed by using 15-ml screw-

capped centrifuge tubes (Corning Glass Works, Cor-
ning, N.Y.) to prevent aerosols. Safety precautions
recommended by the Centers for Disease Control
were followed (13).

Direct wet mounts and concentrated material (flota-
tion and sedimentation) were examined from the 10%
Formalin and 2.5% potassium dichromate prepara-
tions by using both phase-contrast and light microsco-
py. Sediments from Formalin and dichromate samples
were processed and examined by the following stains:
periodic acid-Schiff (PAS), modified PAS, silver me-

thenamine, acridine orange, auramine-rhodamine,
Kinyoun acid-fast, Ziehl-Neelsen acid-fast, and modi-
fied acid-fast (2, 16, 22, 30, 41, 48, 49; W. P. Horen, J.
Parasitol., in press). Formalin-sedimented material
was also treated with 10% KOH or subjected to
Formalin rinses before staining (or both). Specimens
submitted in PVA were processed by using the follow-
ing stains: Giemsa, Gomori's Trichrome, Kinyoun
acid-fast, Ziehl-Neelsen acid-fast, and modified acid-

fast (2, 22, 49). The addition of D'Antoni's iodine to
PVA-preserved specimens facilitates the removal of
mercuric chloride, thus allowing the smear to be
stained with Giemsa or acid-fast stains (23).
The modified acid-fast procedure with 10% KOH is

performed as follows. Sedimented material (upper
layer of sediment after centrifugation for 2 min at 300
x g) is placed on a slide (thin layer) and is heat fixed at
70°C for 10 min before staining. If the specimen
appears to be mucoid, 10 drops of 10% KOH are added
to the sediment and vortexed until homogeneous be-
fore smear preparation. This is rinsed with 10% For-
malin and centrifuged. Without decanting the superna-
tant fluid, 1 drop of sediment is placed on the slide as

described above. After heat fixation, the smear is
placed on a staining rack and flooded with carbolfuch-
sin. The slide is heated to steaming and allowed to
stain for 5 min. If the slide begins to dry, more stain is
added without additional heating. The smear is rinsed
with tap or distilled water and decolorized with 5%
sulfuric acid solution for 30 s (thicker smears may
require a longer time). The smear is rinsed again with
tap or distilled water and drained, and the slide is
flooded with methylene blue counterstain for 1 min,
rinsed with tap or distilled water, drained, and air
dried.

Protocols and organism recovery assessment were

performed by three technologists. Quantitation of or-

ganisms was based on numbers used in the quantita-
tion of intestinal protozoa (24).

RESULTS

The most effective methods for specimens
containing few organisms were Giemsa- and
permanent acid-fast-stained smears with the hot
staining method (Table 1). As the quantity of
organisms per specimen increased, the number
of effective techniques for recovery and identifi-
cation also increased; these included sugar flota-
tion, Formalin sedimentation, and Kinyoun
acid-fast.

Phase-contrast microscopic examination of di-

TABLE 1. Ease of visual recognition of Cryptosporidium for different techniques
Ease of visual recognition for various overall quantities of organisms in specimena

Technique
Rare Rare-Few Few-Moderate Moderate-Many Packed

Sugar flotationb 1+ 1+ 2+ 3+ 4+
Formalin sedimentationb 1+ 1+ 1+ 2+ 3+
Iodine 0 0 1+ 1+ 2+
Giemsa 1+ 2+ 3+ 4+ 4+
Trichrome 0 0 0 0 1+
PAS 0 0 1+ 2+ 2+
Modified PAS 0 0 0 1+ 1+
Silver methenamine 0 0 0 1 + 1 +
Acridine orange 0 0 0 0 0
Auramine-rhodamine 0 1 + 1+ 1 + 2+
Kinyoun acid-fast (cold) 1+ 1+ 2+ 2+ 2+
Ziehl-Neelsen acid-fast (hot) 1+ 2+ 3+ 4+ 4+
Modified acid-fast (hot) 3+ 4+ 4+ 4+ 4+

a The rating of 0 to 4+ indicates that techniques with the higher figure are considered more effective in
allowing visual recognition of the Cryptosporidium organisms.

b Examined by phase-contrast and light microscopy.
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TABLE 2. Quality of Cryptosporidium oocyst
morphology for different techniques

Technique Organism morphologya

Sugar flotation ................ Good-excellent'
Formalin sedimentation ........ Fair-good'
Iodine ................ Poor
Giemsa................ Good-excellent
Trichrome ................ Poor-fair
PAS................ Fair
Modified PAS................ Poor-fair'
Silver methenanine ............ Poor-fair
Acridine orange ............... Poor'
Auramine-rhodamine........... Fair-goodc
Kinyoun acid-fast.............. Good
Ziehl-Neelsen acid-fast ......... Good-excellent
Modified acid-fast ............. Excellent

a Morphology was based on size, color, consistency
of shape, and ability to distinguish Cryptosporidium
from other artifacts.

b These specimens were examined under x400; all
other techniques included oil immersion examination
at x1,000.

c Fluorescent specimens were screened at x250.

rect wet mounts and those prepared from con-
centrated material (flotation and sedimentation)
was more effective in demonstrating Crypto-
sporidium than light microscopy. However, this

approach was not as effective as some of the
permanent staining methods.
The morphology was found to be quite vari-

able (Table 2), with the overall best results being
obtained with Sheather's sugar flotation concen-
tration, Giemsa, Kinyoun acid-fast, Ziehl-Neel-
sen acid-fast, and modified acid-fast techniques.
The fluorescent techniques also provided a rapid
screening approach, although definitive mor-
phology was sometimes difficult to see and there
was nonspecific fluorescence which could not
always be confirmed as Cryptosporidium on
permanent stained smears. Recognition of Cryp-
tosporidium becomes very important in those
patients where the numbers of organisms seen in
the stool are rare or few. Even in those patients
having typical watery diarrhea, the numbers of
organisms eliminated were quite variable.
Among the staining techniques used, those

that actually stained the organisms were much
better than techniques with a negative staining
approach where the organism was clear and the
background was stained (iodine, modified PAS,
and silver methenamine). The addition of 10%
KOH to the 10% Formalin concentrate sediment
provided better results with both the Giemsa and
the acid-fast techniques. Optimal staining of the
organisms was achieved after preliminary diges-
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FIG. 1. Cryptosporidium oocysts recovered from
technique (x 2,700).
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tion of the mucus with 10% KOH. The modified
acid-fast technique provided less chance for
over-decolorization, and the color was intense
enough to allow the smear to be scanned at x 400
as well as x1,000. Based on the data from this
study, the most effective technique is the modi-
fied acid-fast stain on concentrated 10% Formal-
in-preserved stool material after treatment with
10% KOH (Fig. 1).
This conclusion is supported by the fact that

six of eight patients found to have Cryptospori-
dium infections in the intestinal tract were diag-
nosed from biopsy specimens; however, eight of
eight patients were positive by using the recom-
mended techniques for stool material. No pa-
tients have been diagnosed as positive by biopsy
where the stool examination was negative.

DISCUSSION
Because over 1,000 patients have now been

identified as having the AIDS syndrome, the
recovery and accurate identification of Crypto-
sporidium as one of the possible opportunistic
agents will become more important to both
clinicians and laboratorians. Many techniques
have been tried to best demonstrate these small
organisms. Biopsy material may provide a diag-
nosis; however, if the particular site biopsied is
not infected, then the diagnosis will be missed.
Examination of stool specimens assumes that
there will be sampling of the entire intestinal
tract and provides a noninvasive procedure.
The etiology of AIDS has not yet been estab-

lished. Since it may involve an infectious agent,
safe handling of specimens is most important for
the hospital staff and the clinical laboratory. The
use of Formalin-preserved material helps reduce
this risk. Potassium dichromate is not a preser-
vative; consequently, any Cryptosporidium oo-
cysts present would remain viable and thus
infective for humans. At the present time all
fecal specimens from presumptive AIDS pa-
tients are submitted in 10% Formalin and PVA;
procedures are performed in a biological safety
cabinet.
Those patients at the University of California,

Los Angeles Medical Center who have been
diagnosed as having cryptosporidiosis have ex-
hibited the typical watery diarrhea, and five of
eight have expired with the AIDS syndrome.
With the various numbers of Cryptosporidium
organisms recovered from these patients, we

cannot assume that the infection will always be
extremely heavy. Recovery and identification of
the organisms may be dependent on a combina-
tion of techniques and very careful examination
of the material after processing.
The recommended techniques described here

will ensure that the clinician and laboratory will

maximize their ability to make the diagnosis,
thus assisting the clinician in patient care. The
use of Giemsa and modified acid-fast stains on
formalinized sediment provide the most effec-
tive opportunity for organism identification; the
Sheather's sugar flotation method and the Kin-
youn acid-fast technique also provide excellent
diagnostic methods if the numbers of organisms
in fecal material are fairly numerous.
These same staining techniques can also be

used on duodenal aspirates which have first
been fixed in an equal volume of 10% Formalin
and then sedimented as described above.
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