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SUMMARY
Introduction—Unlike other tapeworms, T. solium infections carry risk for neurocysticercosis.
Differential diagnosis of human tapeworm infections relies on morphology of the scolex or
proglottids, frequently unavailable. DNA-based assays are poorly available in endemic areas.
Ziehl Neelsen staining has been suggested but not tested in controlled designs. We validated
whether Ziehl Neelsen staining could differentiate T. solium and T. saginata eggs.

Methods—Tapeworm proglottids (33 specimens, 23 T. solium and 10 T. saginata) and eggs (31
specimens, 13 T. solium and 10 T. saginata) were stained. Four eggs from each sample were
measured and average diameters were recorded.

Results—T. saginata eggs stained entirely magenta in seven of 13 cases. T. solium eggs stained
entirely blue/purple in 4/18 cases and entirely magenta in one. Eggs of T. saginata were slightly
larger and always ovoid, while T. solium eggs were smaller and were mostly spheric.

Conclusions—Ziehl Neelsen staining can occasionally distinguish fully mature T. solium from
T. saginata eggs. This distinction is poorly sensitive and not completely specific. Differential
staining suggest differences in embryophore components between species, evident along egg
maturation. In this small series, egg morphology (shape, maximal diameter) provided appropriate
differentiation between T. solium and T. saginata eggs.
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INTRODUCTION
Three big tapeworms lodge in the human intestine: Diphyllobothrium sp, Taenia solium, and
Taenia saginata, with a fourth, Taenia asiatica, still in debate on whether it is a new species
or a T. saginata subspecies.(Flisser et al., 2004; Garcia et al., 2007) From these, only Taenia
solium can lead to severe disease because of its capacity to infect the human brain with its
larval form causing neurocysticercosis, the major cause of acquired epilepsy in most of the
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world.(Garcia & Del Brutto, 2005) The differential diagnosis between these tapeworms is
based on morphology of the adult tapeworm scolex or proglottids. In most cases, however,
only tapeworm eggs are found in stool samples, and no parasite tissue is available. Although
Diphyllobothrium eggs are easily distinguishable, eggs from T. solium and T. saginata can
not be differentiated by microscopical examination. Only DNA-based probes have obtained
specific identification between these eggs; this type of assays are hardly available in
endemic areas.(Flisser et al., 2004; Garcia et al., 2007; Gonzalez et al., 2000; Mayta et al.,
2000)

A few decades ago, Capron, A. and Rose, F. (1962) described the use of the acid-fast (Ziehl
Neelsen) staining to distinguish T. solium from T. saginata.(Capron & Brygoo, 1959;
Capron & Rose, 1962) While their work is occasionally quoted, it has neither been
replicated nor refuted. We examined fresh and preserved material from both parasite species
to validate whether this method can differentiate between these two tapeworm species.

MATERIAL AND METHODS
Species diagnosis of tapeworm material

Expelled parasite material from human origin was used for this study. Cases were defined as
T. solium or T. saginata on the basis of carmine staining and counting of main uterine
branches (Flisser et al., 2004; Garcia et al., 2007; Mayta et al., 2000) as well as PCR in
tapeworm material.(Mayta et al., 2000) There were no discordances between results with
either method.

Tapeworm proglottids
Pre-existing archive parasite material was used for this part of the study, comprising mature
and gravid proglottids obtained from 33 patients (23 T. solium carriers, 10 T. saginata
carriers) after anti-parasitic treatment.(Jeri et al., 2004) In some cases multiple gravid and
pre-gravid proglottids were available (14 and 9 proglottids from two T. solium tapeworms,
and 7 and 4 proglottids from two T. saginata tapeworms) and were processed to assess
changes in staining according to proglottid maturation. As per our standard routine,
proglottids were washed with distilled water, fixed in 10% formalin-phosphate buffered
saline (PBS) and stored at room temperature to be later processed by histology.

Defined fresh and archive stool samples
Eggs from 8 pre- or post- treatment stool samples (2 T. saginata and 6 T. solium) were
examined and stained in fresh, before any fixation. Also archive stool samples from 23
patients, preserved in 5% formalin-PBS, were used for staining (11 T. saginata, 12 T.
solium). Stool samples were concentrated by tube sedimentation. Sediments were placed in
microscopy slides with polilysine and left to dry for staining. Four eggs from each sample
were measured and the average maximal and transversal diameters were recorded (Table 1).

Histology
Proglottids were washed to eliminate the excess of formalin and then passed through
increasing ethanol concentrations (70°, 80°, 90°, and 100°) and then three times in xilol.
Proglottid samples were then placed in paraffin blocks, sliced in 6 um sections, de-
paraffined, and placed on microscopy slides with polilysine for staining (Luna, 1968).

Ziehl-Neelsen staining
Samples were stained with carbol-fuchsin 3% for 15′, washed with tap water, and then
decolored with 70% ethanol 1% HCl for 2′. After a second washing the slide was contrasted
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with 3% methylene blue for 5′, washed again, and left to dry at room temperature.(Chapin
& Lauderdale, 2007; Clavel et al., 1999).

RESULTS
Staining of Taenia eggs in proglottid material

Staining of more proximal and more distal gravid T. solium and T. saginata proglottids
showed that the oncospheres always stain blue in both species, with magenta hooks. As the
eggs mature, a blue oncospheral membrane is clearly defined, around which magenta blocks
begin to form the embryophore. A substance apparently secreted from the oncosphere then
begins to fill the space between blocks. This substance is initially blue in both species. As
the embryophore matures and becomes thicker, coloration gets more intense, departing from
blue to gradually acquire some mixed magenta tones in T. solium, and a more marked
magenta color in material from T. saginata (Figure 1).

Staining of Taenia eggs from stool samples
There was no difference in staining of eggs from fresh versus preserved stool samples. In T.
saginata eggs the external cover or embryophore was colored entirely magenta on Ziehl
Neelsen in 7/13 cases (Figure 2a), and magenta with dark blue (some close to dark purple)
areas in the remaining six. In T. solium eggs the embryophore stained usually in a mix of
magenta and blue being entirely blue in four of the 18 cases (Figure 2b) and entirely
magenta in one case (Table 1).

Some apparent morphological differences could also be observed. The eggs of T. saginata
were slightly larger, with a maximal diameter of 35.58 +/− 0.91 μm compared with 32.08 +/
− 1.45 μm for T. solium eggs (n=13 for T. saginata, n=18 for T. solium; mean +/− SD;
p<0.001, Mann Whitney test). T. saginata eggs were always ovoid (ratio between larger
diameter and its transverse diameter was 1.14+/− 0.07), while most T. solium eggs were
spheric (ratio was 1.03+/− 0.03; p<0.001 compared to T. saginata, Mann Whitney test). In 3
out of 18 cases, however, T. solium eggs looked ovoid in shape (ratios 1.11, 1.08, and 1.07)
(Table 1).

In direct comparison of sensitivity and specificity with T. saginata and T. solium eggs, egg
size and form were better predictors for species differentiation than Ziehl Neelsen staining
(Table 2).

DISCUSSION
Taenia spp. eggs are covered by a thick embryophore composed by prismatic keratin blocks
(which give it its typical radial appearance), kept together by a cement substance. By the
time they reach the environment the embryophore is still surrounded by a colloid vitellum
layer. It has been previously described that the vitelogen glands in the oncosphere produce a
acid-fast resistant substance which takes the spaces between embryophoric blocks, likely
responsible by the changes in coloration along egg maturation.(Capron & Brygoo, 1959;
Capron & Rose, 1962)

This series showed that Ziehl Neelsen staining can occasionally distinguish fully mature T.
solium from T. saginata eggs, in cases where the cover is entirely magenta (7/13 T.
saginata), or entirely blue/purple (4/18 T. solium). Staining was mixed in 19/31 cases, and
equivocal (magenta) in one case of T. solium. While this distinction provided a species
diagnosis in 35% of cases, it is by no means absolute and seems poorly useful in practice. Its
application assumes eggs are fully mature (which is not possible to determine in a
proglottid), and carries some degree of subjectivity because color differences may be subtle,
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adding to the requirement of highly trained personal. In most centers, the numbers of
specimens to be tested for species differentiation will be small, as will be the experience of
the operators. Oncospheres stained blue in both species, not helping in differentiation.
Morphological criteria (diameter and shape) seemed more consistent in this series. In this
small series, an arbitrary cut off of 35 μm had 100% predictive value for differentiation.
This had been reported before (Verster, 1969) but not really replicated. Morphological
differences are however minor and would need to be replicated with T. saginata and T.
solium material from other parts of the world.

Of interest, our data suggest differences in specific components of the embryophore between
these two species, evident along egg maturation, compatible with previous data on different
chemical composition of embryophoric blocks.(Morseth, 1966) Given that the ability of the
oncosphere of T. solium to infect the human host and cause cysticercosis is not shared by T.
saginata, further understanding and characterization of the enzymes and other active
molecules present in one species but absent in the other may provide species-specific
diagnostics and potential vaccine targets.
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Figure 1.
Histological sections showing stages of maturation of eggs in proglottids of Taenia saginata
(left) and Taenia solium (right) showing oncospheres surrounded by an oncospheral
membrane, small, magenta embryophoric blocks, and interstitial substance.
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Figure 2.
Mature eggs of Taenia solium (left) and Taenia saginata (right) as seen in stool samples,
showing differences in staining tonalities.
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Table 2

Sensitivity and specificity of Ziehl Neelsen staining and egg morphological to differentiate T. solium and T.
saginata eggs.

Criteria Species Sensitivity Specificity Youden’s J

Entirely magenta T. saginata 54% (7/13) 96% (17/18) 0.50

Entirely blue/purple T. solium 50% (4/8) 100% (13/13) 0.50

Ovoid T. saginata 100% (13/13) 83% (15/18) 0.83

Spheric T. solium 83% (15/18) 100% (13/13) 0.83

> 35 μm T. saginata 100% (13/13) 100% (18/18) 1.00

< 35 μm T. solium 100% (18/18) 100% (13/13) 1.00

*
Values for spheric shape or maximal diameter < 35 μm as criteria to define T. solium are inverse to those of ovoid shape or larger eggs for T.

saginata, due to direct group comparison
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