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Laboratory diagnosis of parasitic
infestations
S. C. PARIJA

INTRODUCfION
The diagnosis of parasitic infections depends on clinical
examination and laboratory investigations. Even in endemic
areas, clinical diagnosis is hindered by the low prevalence of
major clinical signs, their late development or lack of
specificity and the occurrence of asymptomatic carriers,
while in non-endemic areas it is more difficult. Laboratory
methods, therefore, play an important role in establishing
the specific diagnosis and are usually based on the morpho-
logical recognition of the parasite in the relevant specimen
and immunological tests. The former method is still widely
used for the diagnosis of individual cases and for epidemio-
logical studies. It is economical and relatively simple to
perform. The immunological methods are particularly useful
in asymptomatic or latent infections, as well as in some
specific parasitic infections.
In this review I have listed the material and equipment

needed for a diagnostic parasitology laboratory, discussed
the collection, transport and processing of clinical specimens,
the techniques employed routinely for examining them and
the recent approaches to the immunodiagnosis of parasitic
diseases.

RECOGNITION OFTHE PARASITES
The definitive diagnosis of infections is achieved by the
demonstration of parasites in clinical specimens.' Examina-
tion of these specimens involves two important steps--
detection and identification. These steps require certain
skillswhich are developed by continued practice.

Basicequipment
Appropriate facilities are essential for setting up a reliable
parasitology laboratory. These include (i) a compound light
microscope, (ii) suitable light sources, (iii) an ocular
micrometer, (iv) a centrifuge with a swinging bucket-type
rotor, (v) an incubator, and (vi) an oven.

COLLECfION, TRANSPORT AND PROCESSING OF
SPECIMENS
The collection of an appropriate specimen is the first and
most important step. The nature of specimen to be collected
depends on whether the infection is caused by (i) luminal
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parasites of the gastrointestinal, genitourinary and pulmonary
tract. Infections with these parasites are usually confirmed by
the presence of their characteristic forms in the faeces,
sputum, urine or other body secretions; or (ii) blood and
tissue parasites that are confirmed by the presence of their
morphological stages in the blood and other specimens.
Microscopic examination, cultivation. animal inoculation

and xenodiagnosis can be used for the detection and identifi-
cation of parasites in clinical specimens.

PARASITES IN FAECES
This is the most frequent specimen collected for demonstra-
tion of parasites of the gastrointestinal tract. The faecal
specimens are examined in the laboratory by direct micro-
scopic examination and by in vitro cultivation.
It is essential that patients should not have received any

medicines containing bismuth or antimonials, antimalarials,
antimicrobials and other chemicals for at least 10 days before
collection of the specimens. These substances usually inter-
fere with the detection of enteric protozoa. The stool should
be collected in a clean, wide-mouthed, detergent-free
container with a closely fitted lid. Specimens that are
contaminated with water or urine are unsuitable because
they lyse trophozoites and, in some cases, inhibit their
motility. After collection, the bottle should be properly
labelled.
The faecal specimen should be processed and examined

within 2 to 3 hours so as to detect motile trophozoites. If this
is not possible, the specimen should be refrigerated for a
maximum of 2 to 3 days, but never frozen. In no case should
the sample be kept in an incubator at 37°C, because this
temperature will cause lysis of the trophozoites. If it is
necessary to examine the stool after a longer period, a preser-
vative should be used which preserves all the stages of the
parasite in the faeces, and does not interfere with the
concentration procedure or the permanent staining of faecal
smears. However, such a preservative is not yet available.
Merthiolate-iodine-formalin (MIF) and sodium acetate-
acetic acid (SAF) are the popularly used fixatives which
preserve both cysts and trophozoites of protozoa and the
eggs and larvae of helminths. Polyvinyl alcohol (PV A)
fixative is also widely used because it is easy to concentrate
and permanently stain stool preserved by this method.
Three faecal specimens collected at an interval of 2 to

3 days are usually sufficient. In amoebiasis and giardiasis,
6 specimens may be required.

Macroscopic examination
This should be done first. It helps to grade the specimen
(formed, soft, and loose or watery), which frequently
determines the appropriate method to be followed for exami-
nation. It also helps in the demonstration of intact worms,
worm segments or flakes of blood and mucus which can be
collected for examination.

Microscopic examination
This consists of direct wet mounting, concentration and



284

permanent staining. All these methods are essential for the
examination of soft stools. Direct wet mount and permanent
stained smear examination are only carried out to demonstrate
the diagnostic stages in loose and watery stools. The con-
centration method is usually not required as it does not
concentrate the trophozoites which are frequently present.
Moreover, the eggs and larvae-excreted in watery stools are in
sufficient numbers to be detected easily by direct wet smear.
However in some situations, if both direct examination and
permanent staining methods fail to reveal any parasite, the
concentration method can be used. The protozoal cysts
and helminth eggs and larvae can be demonstrated in the
sediment obtained after concentration. Preparation of a
permanent faecal smear need not be done routinely and is
only indicated in some cases to confirm the identification
of protozoal cysts detected by other methods.

Direct wet mount. The stool specimen should be examined
by preparing both direct saline and temporary stained wet
mounts.
The saline preparation is made by mixing a small volume

of the faecal specimen with a drop of physiological saline and
placing a coverslip over it (Fig. 1). The correct preparation
of a smear is important. It should be just thick enough so
that newsprint can be read through the slide. If the smear is
very thin, the number of parasites will be diluted and may
not be detected by routine microscopic examination. The
advantage of the saline preparation is that it helps to
demonstrate the motility of the trophozoites. However, the
definitive diagnosis of cysts or trophozoites cannot be made
in saline preparations as the internal structures are not
clearly outlined.
Temporary staining of wet mounts facilitates the recogni-

tion and identification of the protozoal cysts or trophozoites
by staining their internal structures. Several staining
solutions have been used for this purpose and include: (i) the
Nair buffered methylene blue or the Quensel stains for loose
and watery faecal specimens, which are likely to contain
trophozoites; (ii) the Dobell, Lugol or D'Antoni iodine
stains for formed stool specimens which are likely to contain
only the cystic stages of the parasites. The iodine wet mount
is prepared by adding a small amount of faecal specimen to a
drop of 1% solution of iodine (Dobell's or D'Antoni's) or
Lugol's iodine (diluted 1:5 with distilled water) on a slide.

FIG 1. Direct wet mount of a faecal specimen showing a
hookworm egg (x400)
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Ideally both the saline and iodine preparations should be
examined-first the saline and then the iodine preparation.

Concentration methods are used to increase the number of
parasites in the faecal specimens and to free the protozoal
cysts and helminthic eggs from faecal debris. Various proce-
dures are available for ova and cysts but none is suitable for
trophozoites. These may be classified as flotation and
sedimentation methods.
(a) Flotation method. The saturated salt solution or zinc

sulphate flotation methods are commonly used. The eggs and
cysts float to the top of the solution which has a higher
specific gravity (e .g. specific gravity of zinc sulphate solution
is 1:18). The disadvantage of these methods is that they
frequently fail to concentrate the relatively heavy opercu-
lated eggs of Schistosoma or unfertilized eggs of Ascaris.
The morphological appearances of helminthic larvae and
protozoal cysts are also often distorted. Modifications
have been made to overcome these problems-the Sheathers'
flotation method is frequently used to concentrate the
oocysts of Cryptosporidium (Fig. 2).
(b) Sedimentation method. This increases the concentra-

tion of a wide variety of parasites. It employs either gravity or
centrifugation for concentration. The morphological
appearance of eggs is satisfactory because there is minimal
distortion of the operculated Schistosoma and unfertilized
Ascaris eggs. However, it often fails to concentrate protozoal
cysts and is less effective in clearing faecal debris. The
formalin-ether procedure developed by Ritchie is the most
frequently used sedimentation method with ethyl acetate
being substituted for diethyl ether. This makes the procedure
equally effective in concentrating fresh and preserved
specimens.

Permanent stained smears. These are made from a thin
faecal smear, preferably from a fresh specimen which is then
fixed with Schaudinn or PVA solution and stained. (Stool
preserved in formalin is not suitable for permanent staining.)
The morphology of the cysts and trophozoites is well
visualized and the smears can be stored for future use.
Iron-haernatoxylin and modified Gomori's trichrome stains
are commonly used. Iron-haematoxylin is a time honoured
procedure for outlining morphological details. Unfortunately,
it is time consuming and requires careful attention. The
trichrome stain has the advantage that preserved faecal

FIG2. Faecal smear showing oocysts of Cryptosporidium spp.
stained red. Acid-fast stain (x 1000)
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specimens can also be stained well. Celestine Blue-B,
chlorazol Black-E and Lawless are the other stains that can
be used.

In vitro cultivation. This is a useful method for detection of
protozoa in faeces which are often not seen by direct exami-
nation or concentration. These culture methods, however,
are not alternatives but supplementary. Robinson, National
Institutes of Health and other egg-enriched media are
frequently used to grow Entamoeba histolytica in many
laboratories. Balantidium coli and Giardia intestinalis can be
cultivated in modified Barrett and Yarbrough media and
Karapetyan media respectively, but these are not popular
and are rarely used as routine diagnostic aids.
Stool culture for helminths is a limited form of cultivation

and is in fact an egg-hatching technique. This procedure is
primarily used to identify species of helminths which cannot
be detected during the egg stage. It is also used to determine
the viability of eggs as in schistosomes. The Harada-Mori
filter paper strip procedure is used to identify and differen-
tiate hookworms, Strongyloides and Trichostrongyloides.

Special procedures. These may be needed to select and
evaluate the effectiveness of a particular therapeutic
regimen. Beavers' direct smear technique and Stoll's dilution
methods are used to determine the number of adult worms in
the infected host. These methods are carried out by counting
the number of eggs in a standard volume of faeces and then
multiplying the figure by a conversion factor, to obtain the
total number of adult worms. It is commonly used to estimate
the worm load of the infection caused by Ascaris, Trichuris
and hookworm.

PARASITES IN NON-FAECAL SPECIMENS
Ana/swabs
These are collected for the diagnosis of Enterobius vermicularis
infection. The worms do not release the eggs into the intes-
tine, and hence are not found in the faeces; instead gravid
females migrate down to the anus and deposit their eggs in
perianal areas at night. Cellophane tape slide preparation
and petroleum jelly paraffin swabs are the two types of
anal swabs used. The cellophane tape slide method is more
popular. In this procedure, the adhesive surface of a tape is
applied firmly by a wooden tongue depressor over the right
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and left perianal folds. The tape is then removed and is
gently placed on a microscope slide with the adhesive side
downward. A small amount of xylene or toluene is placed on
the side of the slide which is then examined under the micro-
scope, for the presence of the characteristic eggs (Fig. 3).
The maximal recovery of eggs is achieved by collecting the
specimen in the morning before the patient takes a bath or
goes to the toilet.

Genital specimens
Vaginal or urethral discharge or prostatic secretions are
usually examined for Trichomonas vagina/is. These flagellated
protozoa are identified by their characteristic jerky move-
ments, on microscopic examination of the direct wet mount
preparation of the specimen. Iron-haematoxylin, Gram and
Papanicolaou stains are usually employed for the preparation
of the permanent smears to stain Trichomonas (Fig. 4).
They can be cultivated in modified Diamond's medium and
in the Feinberg-Whitlington medium.

Sputum
This is examined for the demonstration of the lung fluke-
Paragonimus westermani. On rare occasions larval stages of
Ascaris lumbricoides, Strongyloides stercora/is and even
hookworms may be found in the sputum. The trophozoites
of E. histolytica may also be found, when pulmonary
complications of amoebic liver abscess occur. Unusually
thick or mucoid specimens are liquefied by mixing them with
an equal volume of 3% N-acetyl-L-cysteine or 3% sodium
hydroxide for 2 to 3 minutes and centrifuged. The direct wet
mount examination of the centrifuged deposit facilitates
detection of eggs. A permanently stained smear, similar to
that used for faeces, is also used to detect the trophozoites of
E. histolytica.

Urine
In areas endemic for S. haematobium, the urine is examined
for detection of the eggs of the parasite. These are best
detected in the last part of the urine collected during mid-
day. After concentration by simple centrifugation, the wet
mount preparation of the centrifuged deposit is examined
under the microscope. The characteristic lateral-spined

FIG3. Egg of Enterobius vermicularis (x400) FIG 4. Trophozoite of Trichomonas vagina/is. Iron-
haematoxylin stain (X400)
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operculated eggs of S. haematobium can be seen. T. vagina/is
infection can also be detected by urine examination. Micro-
scopic examination of the centrifuged sediment deposits of
the fresh and first part of the urine helps to detect the largest
number of cases.

Cerebrospinal fluid
Direct wet mount examination or Giemsa-stained smear
examination of the cerebrospinal fluid (CSF) is very helpful
in detecting the trypomastigotes of Trypanosoma brucei,
T. rhodesiense and T. gambiense. Double centrifugation of
the CSF is a simple method which increases the likelihood
of seeing trypanosomes. Naeg/eria and Acanthamoeba spp.
causing primary amoebic meningo-encephalitis may be
demonstrated by using wet mounts or trichrome-stained
smears of CSF. Demonstration of the larvae of Angio-
strongylus cantonensis in the CSF, though difficult, is the
only way to diagnose this condition.

ASPIRATES AND BIOPSIES
When examination of repeated stool specimens fails to detect
certain luminal parasites, it may be necessary to examine
aspirates and biopsies. This may also be indicated in patients
with amoebic liver abscess. Duodenal contents and aspirates
obtained at sigmoidoscopy or from abscesses are most
frequently examined.

Duodenal contents
When repeated examination of the stool fails to reveal
any parasite, the duodenal contents may demonstrate
G. intestinalis and S. stercoralis. The specimen is collected
either by intubation and suction or by the string test. The
latter, also known as the entero-test is more popular. In
this test, the patient is asked to swallow a gelatin capsule
containing a coiled length of nylon string, the other end of
which is taped to the side of the patient's face. The capsule is
withdrawn after 4 hours and the fluid and mucus adhering to
it is collected and examined for the presence of the parasite
by direct wet mount preparation.

Sigmoidoscopy aspirates
In some patients with intestinal amoebiasis, repeated stool
examination may fail to show protozoa. In such cases,
sigmoidoscopy may be performed to obtain the aspirates
directly from the intestinal mucosa. The specimen is collected
from at least six different sites and processed immediately.
Permanent stained smears can be prepared with trichrome
after fixation with Schaudinn solution. Direct wet mount
examination for the presence of motile trophozoites and
culturing in a suitable medium should also be done.

Abscess aspirates
Demonstration of motile trophozoites of E. histolytica
confirms the diagnosis of amoebic liver abscess. The last part
of the aspirate collected from the wall of abscess shows the
maximum number of trophozoites. If the pus is thick it is
treated with streptodornase, which sets the trophozoites
free. The specimen is first examined by direct wet mount
and then cultured by inoculation in a suitable medium along
with mixed bacterial flora such as Escherichia coli and
Klebsiella pneumoniae. Since the pus is bacteriologically
sterile, the addition of bacteria provides a source of nutrients
for the multiplication of amoebic trophozoites.
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Biopsies
The larvae of Trichinella spiralis and the eggs of schistosomes
can be demonstrated in mucosal biopsy specimens. A small
piece is compressed between two glass slides and examined
microscopically. The specimen is processed further by
preparing impression smears of the tissues on a glass slide,
fixing it by Schaudinn fixative and staining by trichrome or
other permanent stains.

BLOOD AND TISSUE PARASITES
Blood
Blood is the key specimen for demonstrating the diagnostic
forms of most of the blood and tissue parasites. The proce-
dure is similar to that for faecal specimens and consists of
direct examination of a wet blood mount and permanent
stained smears and, in some cases, by concentration as well
as culture. For examination, by direct wet mount, 2 to
3 drops of blood are collected by a prick of the finger or
ear-lobe (or heel in infants) while for permanent stained
smears blood is collected without an anticoagulant. For
concentration and culture a larger volume of blood is
collected by venepuncture using anticoagulants.

Direct examination. A direct wet mount preparation of the
blood is made by adding a drop of anticoagulated blood on to
a glass slide and then placing a coverslip on it. It is mainly
used for demonstration of large extra-erythrocytic motile
parasites such as trypanosomes or microfilariae. However,
direct wet mount preparation of the blood unlike faecal
specimens has a limited use due to frequent false-negative
results. It is, therefore, always necessary to prepare
permanent stained smears.

Permanent stained smears. Thin and thick blood smears
are commonly used.
(a) A thin smear is prepared in the same way as for a

differential white cell count. A good smear is thin, placed
centrally on the slide with free margins on either side, free
of streaks and has a single layer of erythrocytes without any
gap or overlapping. The thin smear is used to study the
morphological details of the parasites mainly for the species
identification of Plasmodium (Fig. 5) and other intra-
erythrocytic organisms. An inherent disadvantage of
this method is its inability to detect a low level of parasitic
infestation.
(b) A thick smear is prepared by putting 2 or 3 drops of

fresh blood on to a glass slide and mixing it with the corner of
another glass slide, to cover only a small area. The film is
allowed to dry in a dust-free environment for 10 to 12 hours
at room temperature before staining. The thick film is useful
for detecting parasites in minimal infection. Since a large
volume of blood can be examined in a short span of time,
thick films have a greater sensitivity. The main disadvantage
is that the morphology of many of the parasites is distorted.
It is always essential to stain both thin and thick smears

within 48 hours of the preparation of the film. In general,
Leishman, Wright, Giemsa and Field stains, which are the
modifications of the methylene blue-eosin stain developed
by Romanovsky, are used. The quality of stains and the time
required to complete the staining infl~ence t~e use of a
particular stain by the laboratory. Giemsa IS preferred
because it is easily available, demonstrates the morpho-
logical details of the parasite best and the stain does not fade.
However, it takes 20 to 50 minutes to stain the smear whereas
the Leishman stain takes less than 10minutes. At least 200 oil
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fields in a thin smear and 100 oil fields in a thick smear should
be examined before declaring a stained blood smear negative.
The number of fields examined should be doubled in the
smears obtained from patients who have been partially
treated and are in the early stages of an infection.

Concentration techniques are used for detecting parasites
which are missed during the examination of a thick or thin
smear. Fractional centrifugation of a large volume of citrated
blood concentrates the trypomastigote stages of trypano-
somes. Diethyl amino ethyl dextran (DEAE) cellulose
ion-exchange chromatography is by far the most sensitive
method for detecting a small number of trypanosomes in the
blood. The sediment is examined for motile trypanosomes by
wet mount or after staining with Giemsa and after culture
in a suitable medium or inoculation into a susceptible
laboratory animal. Similarly, microfilariae in the blood
can be concentrated by either centrifugation or membrane
filtration. Knott's method is a commonly used centrifugation
procedure for blood collected with sodium citrate. The
membrane filtration procedure (e.g. nuclepore filtration)
isalso popular. In this method, haemolysed citrated blood is
passed through a nitrocellulose membrane filter with 5 f.lm
pores. The microfilariae collected on the filter are
demonstrated by mounting on a glass slide and staining
with Harris' haematoxylin.

Culture is frequently used as a routine diagnostic aid for
the detection of Leishmania and Trypanosoma species in the
blood and other specimens. For cultivable Leishmania
species, the blood is inoculated in the Novy, MacNeal and
Nicolle (NNN) or other blood-based media and is incubated
at 22°C to 25 °C for at least one month. This demonstrates
the flagellated stage of the parasite-the stage found in insect
vectors. The insect forms of Trypanosoma cruzii such as
metacyclic trypomastigotes can be grown in NNN or other
specialized media such as Grace's insect tissue culture
medium at a pH of 6.6. Supplementation with' 10% newborn
calf serum and various other substrates is essential for culti-
vation of these metacyclic forms. NNN and Tobie's diphasic
media are used for isolation of Trypanosoma brucei from
clinical specimens.

Animal inoculation is done only in large laboratories.
These tests are valuable if ordinary methods fail. They help
in the diagnosis of toxoplasmosis, babesiosis and haemo-
flagellate infections. The limitations of the animal inoculation
method are that sometimes several blind passages of infected
specimens are required to isolate the parasite as in Toxoplasma
infection and some strains of Babesia and L. braziliensis
fail to grow and multiply in animal models.

Xenodiagnosis is used in infections where arthropods are
the intermediate hosts. Infection-free and laboratory-
maintained vectors are allowed to feed on patients and these
arthropods are maintained in the laboratory being examined
after certain days, during which the parasites would have
completed their life cycles. This method is the sole procedure
for detecting the chronic stage of American trypanosomiasis
or Chagas' disease. It is performed by feeding the patient
to 14 to 20 laboratory-reared third or fourth instar nymphs
per day for 3 consecutive days and thereafter examining the
faeces of the bug once a month for three months. The test is
positive in nearly 50"10 cases of chronic Chagas' disease.

Tissue biopsies and aspirates
Diagnosis of Sarcocystis (Fig. 6), trichinella and schistosoma
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infections from biopsy specimens has been emphasized
earlier.

Pneumocystis carinii infection is diagnosed by demonstra-
tion of cysts of the coccidia in a lung biopsy or in
nasopharyngeal, tracheal and bronchial secretions.
Acetone-alcohol fixed smears of tissue sections stained by
Gomori's methenamine silver solution demonstrate the cysts
well which are seen as clear spaces, each containing eight
nuclei. Giemsa, Wright's and polychrome methylene blue
stains are also used to stain trophozoites, pre-cysts and cysts,
and reveal the morphological details of the parasite. The
main advantages of these three stains are that they are
quicker and offer more details of parasite morphology than
Gomori's and toluidine blue 0 stains.
Direct demonstration of amastigotes of L. donovani in the

aspirates of spleen, bone marrow, liver or enlarged lymph
nodes are reliable methods for the diagnosis of visceral
leishmaniasis. The amastigotes, also known as Leishmania
donovani (LD) bodies are intracellular forms found inside
reticulo-endothelial cells (Fig. 7). When stained with Giemsa
or Wright's stains, the cytoplasm appears pale blue, and the
nucleus and kinetoplast deep red or reddish-purple. In
cutaneous leishmaniasis, the specimen is obtained by slit-
skin smear from the edge of an ulcer or from the nodules or
ulcers in the mucous membrane. Giemsa or Wright's stains
are used for demonstrating the amastigotes. The parasite
can also be isolated from these specimens by culture in
NNN medium or inoculation in hamsters. In African
trypanosomiasis, direct examination of the exudate from the
punctured chancre or lymph node aspiration from enlarged
cervical glands by direct wet mount may show the presence
of motile trypomastigotes.
Diagnosis of Onchocerca volvulus infection is made by

demonstrating microfilariae in small skin snips. Bloodless
skin snips are collected, without anaesthesia, usually from
the region ofthe scapula and iliac crest and from the buttocks
and thighs. A small cone of skin about 3 mm in diameter is
raised with the tip of the needle and then a small piece cut off
using a razor blade. The samples are mounted in a drop
of 0.9% saline under a cover glass and examined for the
presence of motile microfilariae within 30 minutes to 1 hour.
The preparation can be allowed to dry and then stained with
Giemsa for detailed examination of the microfilariae.
Demonstration of surgically removed larvae is frequently

helpful in the diagnosis of infection with Taenia solium
(cysticercosis), Echinococcus granulosus (hydatid disease;
'Fig. 8), Spirometra spp. (sparganosis) and Multiceps spp.
(coenurosis). Microscopic examination of the cyst fluid
obtained at surgery, for scolices or brood capsule is the
simplest method to diagnose hydatid disease. However, the
procedure may be of limited value, as diagnostic aspiration
of the intact cyst may cause rupture or spillage of the cyst
contents, resulting in anaphylaxis or recurrence of hydatid
disease.

NEWER METHODS OF DIAGNOSIS
Since many of the older diagnostic methods were time
consuming, labour-intensive and required training and
supervision of the technician, attempts have been made
recently to develop various non-microscopic methods as
alternatives. These include isolation of the specific antigen,
nucleic acid homology and fluorescent staining. Detection
of an antigen in the faeces by counter-current immuno-
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FIG 5. Ring stage of Plasmodium falciparum. Leishman stain
(x 1000)

••

.
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FIG 7. Amastigotes of Leishmania donovani in a peripheral
blood smear. Giemsa stain (x 1000)

electrophoresis and enzyme-linked immunosorbent assay
(ELISA), has been shown to be useful in the diagnosis of
amoebiasis and giardiasis. DNA hybridization probes to the
tandemly repeated parasitic nucleotide sequence has been
used in the diagnosis of amoebiasis and malaria. New
diagnostic procedures such as direct examination of acridine
orange and benzothio-carboxypurine stained malarial
parasites in capillary centrifuged blood using fluorescent
microscopy have shown promising results. Due to their
ease of use, speed and sensitivity, these may soon become
standard methods for the diagnosis of malaria.

Infestations not diagnosed by these methods
All these techniques are of limited use in the diagnosis of
(i) larva migransor hydatid disease in which the developmen-
tal stages of the parasites are not present in body secretions
or excretions, (ii) toxoplasmosis and many other parasitic
infections in which the developmental stages are demonstrated
with difficulty, (iii) pre-patent or chronic infections showing
few parasites in the body fluids, and (iv) in surveys of parasitic
infections which have a low incidence.

FIG 6. Sarcocysts of Sarcocystis lindemanni in muscle (x 4(0)

FIG 8. Echinococcus granulosus. Section from a hydatid cyst
of the lung showing brood capsules with protoscolices
(x400)

IMMUNODIAGNOSIS
In the absence of characteristic clinical manifestations, the
diagnosis of parasitic infections depends upon immuno-
diagnostic procedures. These methods are particularly useful
. in latent or asymptomatic infections, as well as in some
chronic infections. The immunodiagnostic methods+- are
broadly of two types: serological assays and skin tests.

Serological assays
These are of paramount importance both for mass surveys
and case detection particularly during the chronic phase of
infection.

Complement fixation test. This was one of the first serological
tests to be used in parasitic infections, but due to difficulty
in standardization and the frequent occurrence of anti-
complementary serum factors, is presently used for the
serodiagnosis of leishmaniasis, Chagas' disease and
paragonimiasis.

Precipitation-in-gel by double diffusion and immuno-
electrophoresis. This is rarely used due to its limited role in
the diagnosis of amoebiasis, trichinellosis and cysticercosis.
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Counter-current" immunoelectrophoresis. This is a highly
specific technique and has been successfully employed for
the detection of antibodies in amoebiasis, hydatid disease,
visceral leishmaniasis, lymphatic filariasis, American
trypanosomiasis and other parasitic infections. However, a
low sensitivity is its major disadvantage.

Indirect haemagglutination (IHA) test. Since it has a high
sensitivity and specificity and is easy to perform, this is being
increasingly used. The IHA is most frequently used in the
serodiagnosis of amoebiasis, hydatid disease, filariasis,
cysticercosis and strongyloidiasis.

Indirect immunofluorescent antibody (IFA) test. This
is characterized by a high sensitivity and specificity t and
easy reproducibility. It is generally used for screening
and follow up. It has been used in amoebiasis, American
trypanosomiasis, malaria, toxoplasmosis and other parasitic
infections. The drawbacks are that it requires technical
expertise, an immunofluorescence microscope and is often
difficult to perform and interpret.

Immunoenzymatic and radioimmunological assays. These
have been developed successfully for many parasitic diseases.
ELISA is based on the same principle as IFA except that
instead of fluorescence, an enzyme conjugate and colour
read-out is used. The ELISA is highly sensitive but false-
positive results frequently occur due to serological cross-
reactivity.
Use of purified specific antigens or competitive inhibition

assay with monoclonal antibody is important because it is
sensitive and specific. The test is now widely used. All these
tests require sophisticated and expensive equipment and
skilled manpower. .

Other immunological tests. (a) Latex agglutination assay
has been used as a rapid assay for the diagnosis of
trypanosomiasis, amoebiasis, hydatid disease and many
other parasitic infections. The test is simple, economical and
can be easily performed. (b) Bentonite flocculation test is
being used in the serodiagnosis of trichinellosis and other
parasitic infections. (c) Recently, a simple and economical
direct agglutination test using trypsin-treated Coomassie
blue-stained promastigotes of L. donovani has been
developed for the diagnosis of visceral leishmaniasis. The
test has been shown to be practical and effective in field
conditions. (d) Card agglutination test for trypanosomiasis
(CAIT) is a classical example of a simple direct agglutination
test. (e) India ink immunoassay (toxoplasmosis, amoebiasis).
(f) Staphylococci adherence test (amoebiasis).

Antigen detection. A recent approach involves detection of
circulating parasite antigens in the serum, urine and other
body fluids. It suggests the presence of an acute infection

289

and is more useful than antibody detection in assessing the
effectiveness of medical treatment. CIEP, bacterial co-
agglutination (Co-A) and ELISA are being employed to
detect circulating antigens in the serum in amoebiasis,
malaria, filariasis, hydatid disease, cysticercosis and
schistosomiasis.

Skin tests
These are performed by intradermal injection of a low
volume of antigen and noting whether erythema and induration
occur after 30 minutes (immediate hypersensitivity) or after
48 hours (delayed hypersensitivity). Immediate hyper-
sensitivity is used in the diagnosis of hydatid disease, filariasis
and other helminthic infections and delayed hypersensitivity
in the diagnosis of protozoal infections such as toxoplasmosis,
leishmaniasis and trypanosomiasis. Skin tests are popular
because of their low cost, speed and simplicity. The tests
can be performed and the results interpreted by laboratory
personnel with little training. In a protozoal infection, the
result can be read within 45 minutes of performance of the
test. However, the difficulty in the availability of purified and
standardized antigens, frequent occurrence of non-specific
reactions and variations in the reactivity of the host have
restricted the wider use of skin tests.

CONCLUSION
Parasitic infections continue to be a serious health problem
in India. As the clinical symptoms are non-specific, highly
variable and slow to develop, it is imperative to make an
early diagnosis. The identification of the parasite remains the
mainstay of diagnosis. These methods, in the hands of
trained technical personnel, are reliable procedures and can
achieve considerable accuracy. The immunodiagnostic
methods available at present are effective in the detection
of individual cases and for epidemiological studies. The
selection of a test by a particular laboratory depends upon
the availability of equipment, technical expertise and other
facilities required for its performance; the volume of specimen
to be processed and the special requirements offield surveys.
The reliability and reproducibility of the test is improved by
careful collection of the specimen and rigorous standardiza-
tion of reagents and test procedures.

REFERENCES
1 Banerjee DP. DialllOSis of parasitic zoonoses. In: Parija SC (cd). Review of

ptmuiric zoonoses. Dclhi:AlTBS Publishcn Distributors. 1990;15-17.
2 Kagan IG. Serodiagnosis of parasitic diseases. In: Lenneue EJ. Balows A.
Hausler JP Jr. Truant JP (cds). ManUilI of clinical microbiology. Washington
D.C. :American Society for Microbiology. 1980:n4-50.


