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Abstract
Developmental plasticity in helminth life cycles serves, in most cases, to increase the probability of
transmission between hosts, suggesting that the necessity to achieve transmission is a prominent
selective pressure in the evolution of this phenomenon. Some evidence suggests that digenean
trematodes from the genus Schistosoma are also capable of limited developmental responses to host
factors. Here we review the currently available data on this phenomenon and attempt to draw
comparisons with similar processes in the life cycles of other helminths. At present the biological
significance of developmental responses by schistosomes under laboratory conditions remains
unclear. Further work is needed to determine whether developmental plasticity plays any role in
increasing the probability of schistosome transmission and life cycle propagation under adverse
conditions, as it does in other helminth life cycles.
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1. Introduction
In comparison to other infectious agents such as protists and viruses, helminths are metazoans
with significantly larger genomes that encode for complex programmes of development. One
aspect of the increased developmental complexity of helminths is that, for a given species,
different developmental outcomes may be possible at certain stages in the life cycle. In the
context of a helminth infection, developmental plasticity on the part of the pathogen may have
important consequences for the host, determining the type and degree of pathology that
develops, or whether pathology occurs at all. Variability of infection outcome is a hallmark of
helminth infections (Maizels et al., 1993) and variability in helminth development between
individual hosts may contribute to the variability of infection outcomes observed in an affected
host population.

In most cases, developmental responses in helminth life cycles serve to increase the probability
of transmission between hosts, suggesting that the necessity to achieve transmission is a
dominant selective force in the evolution of plastic developmental programmes in helminths.
The most widely studied and best understood examples of developmental plasticity are the
various facultative forms of arrested larval development and hypobiosis observed in the life
cycles of many nematodes. Comparisons have been drawn between developmental arrest in
parasitic species and the well known dauer pathway of the free-living nematode Caenorhabditis
elegans (Riddle and Albert, 1997). Arrested development of parasitic nematodes has received
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extensive and scholarly review by Michel (1974) and Gibbs (1986). Here we provide only a
brief overview of this important subject and the reader is referred to these sources for more
detailed information. Other examples of developmental plasticity can be found in nematodes.
Paratenesis, the use of transport hosts to facilitate transmission, involves plasticity in host usage
and a form of facultative arrested development. Members of the Strongyloididae display unique
developmental plasticity in the form of developmental switching between free-living and
parasitic forms.

While developmental plasticity is most thoroughly documented in nematodes, notable
examples are also known from various platyhelminths. We briefly review examples from the
Platyhelminthes and draw parallels, where possible, with developmental plasticity in
nematodes. Finally, we review the evidence for the occurrence of developmental plasticity in
schistosomes. The prevailing view is that schistosome development does not vary between
individual hosts but proceeds in a similar fashion in all infected individuals. Clearly,
schistosome development is not subject to the dramatic developmental plasticity observed in
the life cycles of Toxocara or Alaria (see below), but limited developmental responses to host
factors can be observed under laboratory conditions. It remains to be seen whether these
developmental responses have implications for the epidemiology of these medically significant
pathogens.

2. The dauer larva of C. elegans and homologous stages of parasitic
nematodes

The dauer larvae of C. elegans and other free-living nematodes are facultative arrested third
stage (L3) larvae that are adapted for dispersal and survival when environmental conditions
(food availability, pheromone concentration, temperature) are unsuitable for life cycle
completion (Riddle and Albert, 1997). Dauer formation is initiated in response to
environmental factors and many of the genes controlling the dauer response in C. elegans have
been identified (Riddle and Albert, 1997). Compared with reproductive L3 larvae, the C.
elegans dauer displays anatomical, behavioural and metabolic adaptations that facilitate
survival and dispersal (Riddle and Albert, 1997): for example, radial shrinkage of the body and
closure of the buccal capsule and anus occurs, feeding is suspended, nictation behaviour is
initiated and tricarboxylic acid cycle activity is reduced. It is now clear that the infectious larval
stages (which are also frequently L3 stages) of many parasitic nematodes are morphologically,
behaviourally and metabolically analogous to the C. elegans dauer larva (Hawdon and Schad,
1991; Hotez et al., 1993; Blaxter and Bird, 1997). Homologues of some of the genes involved
in the C. elegans dauer programme have been identified in the genomes of parasitic nematodes
(Gomez-Escobar et al., 1997, 1998, 2000). Given the conserved nature of many of the genes
involved in dauer formation, their representation in the genomes of parasitic nematodes is not
surprising, but it will be of considerable interest to determine whether these genes function in
the development of infectious larvae. Most parasitic species, however, are obligate parasites,
the infectious dauer larva being a constitutive, rather than facultative, component of the life
cycle, resembling dauer-constitutive mutants of C. elegans (Hotez et al., 1993), and dauer larva
formation in many nematode parasites does not therefore constitute a form of developmental
plasticity. As discussed below, many parasitic nematodes, including some important
pathogens, exhibit an additional facultative state of diapause after initiation of the parasitic
phase of the life cycle. Given that the dauer programme has already been completed in these
organisms, it is unclear whether this second arrested state represents a reiteration of the dauer
pathway, involving the same or similar genes, or an additional parasite-specific developmental
programme, involving different genes, for which there is no analogue in C. elegans.
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3. Facultative arrested development in parasitic nematodes
Gibbs (1986) defined two broad categories of facultative developmental arrest in nematodes,
distinguished by the factors believed to provide the impetus for arrest: (i) seasonally induced
arrest and (ii) immune-mediated arrest. Seasonally induced arrest occurs in response to
environmental factors, such as temperature, and resembles the diapause of many insects
(Horak, 1981). Immunemediated arrest appears to occur in response to poorly defined or
undefined host factors, which may in some cases be immunological and in other cases not. We
therefore prefer the term host-induced arrest and while we discuss it here as a single entity, we
acknowledge that this category may represent a heterogeneous group of different phenomena,
as the host factors involved and the developmental responses to those factors are varied.
Facultative developmental arrest occurs in a wide variety of nematodes from several clades
(Blaxter et al., 1998), some examples of which are provided in Table 1.

Facultative, seasonally induced arrest, frequently referred to as hypobiosis, occurs in parasitic
nematodes where a significant portion of the life cycle occurs outside the host and is subject
to potentially adverse environmental conditions. Hypobiosis is therefore particularly prevalent
in the Strongylida, where it has been most extensively studied (Gibbs, 1986). Seasonally
induced arrest has evolved to synchronise release of free-living larvae with environmental
conditions suitable for their survival and subsequent development to infectious stages (Schad
et al., 1973). To achieve synchronisation, development within the host is suspended at a pre-
adult stage when environmental conditions unsuitable for free-living larval development
prevail, and resumed as suitable environmental conditions return. This developmental response
is particularly prevalent at high and low latitudes, where excessive cold and heat/dryness at
specific times of year mitigates against survival of free-living larval stages. Environmental
factors experienced by infectious larvae determine whether development is arrested after
infection, and environmental temperatures are particularly relevant in this regard (Armour and
Bruce, 1974; Schad, 1982; Fernandez et al., 1999). There is also a significant genetic
component to the propensity of a nematode population to undergo hypobiosis (Smeal and
Donald, 1981). Resumption of development in seasonally arrested larvae appears to occur
spontaneously after a fixed period of arrest (Blitz and Gibbs, 1971), although roles for host
factors in stimulating reactivation of arrested larvae have not been ruled out (Gibbs, 1986).

The selective advantage of this form of developmental plasticity where seasonally adverse
environmental conditions occur is obvious, as parasites unable to continue transmission from
one favourable season to the next would soon be eliminated from the population.

Host-induced arrest has also evolved to synchronise generation of infectious stages with
conditions suitable for their survival, transmission and development. In contrast to seasonally
induced arrest, however, the signals for host-induced arrest do not emanate from the
environment but are host factors that exert their effect after infection. In some cases, immunity
against the invading nematode has been implicated as a host factor that induces arrest (Behnke
and Parish, 1979), and suppression of immunity can allow for resumption of nematode
development (Behnke and Parish, 1979). In other species, obvious patterns of developmental
arrest are clear, but the exact identity of the host factors signalling arrest is unknown. For
example, in Toxocara canis, patent infections develop only in young dogs, while in older
animals somatic migration ensues and larvae arrest in various tissues throughout the body
(Sprent, 1958, 1961; Michel, 1974). In female hosts, arrested T. canis larvae reactivate when
the host becomes pregnant and opportunity for transmission to a susceptible generation of new
hosts arises, by transplacental and transmammary routes. Reactivated larvae are also capable
of establishing a patent infection in the dam around the time of parturition, providing yet
another opportunity for transmission. In this example, host factors to which parasite
developmental responses occur are associated with host age, pregnancy and lactation.
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Developmental responses to these host factors increase the probability of transmission to new
hosts and would be expected to confer a significant selective advantage to the parasite.

Transmammary infection has been demonstrated in other nematode species, for example in
Neoascaris vitulorum (Warren and Needham, 1969), Ancylostoma caninum (Enigk and Stoye,
1968), Uncinaria lucasi (Olsen and Lyons, 1962, 1965) Strongyloides ransomi (Moncol and
Batte, 1966) and Strongyloides stercoralis (Shoop et al., 2002). In these cases, host-induced
arrest is presumably involved in establishment of arrested larvae in the tissues of the dam so
that these larvae can subsequently provide a source of infectious larvae in the milk. The term
amphiparatenesis has been used to describe this phenomenon, where adult hosts act essentially
as paratenic hosts and juveniles act as definitive hosts (Shoop and Corkum, 1987). The specific
host factors that induce parasite arrest in the adult female host are unknown, but presumably
are associated with host age and/or sex. Resumption of development and passage into the milk
is logically believed to be stimulated by host factors associated with lactation, such as systemic
endocrine and local growth factors, and in some cases there is experimental evidence to support
this (Stoye and Krause, 1976; Arasu, 2001).

As with seasonally induced arrest, the role of host-induced arrest in increasing the probability
of transmission to young susceptible hosts is obvious and would presumably confer a
significant selective advantage to the parasite.

4. Paratenesis in nematodes
Paratenic hosts are not permissive to parasite development but act as hosts for arrested
infectious larvae, participating in their dispersal and transmission to permissive hosts. In most
examples, paratenesis involves a developmental response by the parasite to host factors related
to the species of the host. A form of host-induced arrest occurs in the paratenic host, host factors
eliciting a developmental response in the parasite that results in cessation of development and
induction of diapause. T. canis again provides an example of this form of developmental
plasticity, where rodents act as paratenic hosts (Sprent, 1958; Michel, 1974). The utilisation
of prey species as paratenic hosts to facilitate transmission to definitive predator hosts provides
another example of how developmental plasticity is utilised to increase the probability of
transmission.

5. Developmental switching in Strongyloididae
Members of the Strongyloididae display remarkable developmental plasticity that results in
life cycles with both parasitic and free-living phases. For example, in Strongyloides ratti,
parasitic female worms in the small intestine produce offspring by mitotic parthenogenesis
(Viney, 1994) that are capable of either developing into free-living males and females or into
infectious female L3 larvae that are analogous to C. elegans dauer larvae. Further emphasising
the developmental and physiological homology between the infectious L3 larva of
Strongyloides spp. and the C. elegans dauer larva, laser ablation studies have demonstrated
that development of the infectious L3 larva in S. stercoralis is under control of the ASF and
ASI amphidial neurons (Ashton et al., 1998), homologues of the ADF and ASI neurons that
control dauer formation in C. elegans.

Experiments with naïve, immune and immunosuppressed hosts demonstrate that immunity to
Strongyloides infection is a host factor that favours development of free-living forms of both
sexes and favours an increase in the ratio of male to female progeny (Gemmill et al., 1997;
Harvey et al., 2000). Further, environmental temperature influences development of the female
progeny to either free-living or infectious forms and the sensitivity of females to this
environmental factor is increased by previously experienced immune-related host factors
(Harvey et al., 2000). The apparent net effect of these developmental responses is that free-
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living development is favoured when susceptible hosts are not available, increasing the
probability of dispersal and transmission to new, susceptible hosts.

6. Developmental plasticity in platyhelminths
The levels of developmental plasticity outlined above for the Nematoda are not generally
recognised to occur in the Platyhelminthes. One explanation for this is that developmental
responses such as hypobiosis do not occur in the life cycles of platyhelminths of veterinary
and medical importance. However, there is ample evidence that developmental plasticity does
occur in the life cycles of many parasitic flatworms, so the conclusion that platyhelminths are
incapable of developmental responses similar to those exhibited by nematodes is not justified.

Obvious analogues of the dauer pathway have yet to be recognised in flatworms and it is
possible that, strictly defined, dauer development is a nematode-specific phenomenon.
However, that platyhelminths are capable of entering diapause, be it similar to dauer formation
or not, is demonstrated by, for example, the metacercaria stage of many trematodes, an arrested
infectious larval stage that is functionally analogous to infectious larvae of nematodes. As with
the majority of infectious nematode larvae however, the metacercaria is an obligatory stage in
the life cycles of most trematodes and does not constitute a form of facultative diapause.

Some trematodes exhibit developmental responses with obvious parallels to those outlined
above for T. canis. For example Alaria marcianae, and some other members of the
Diplostomatidae, are now known to be capable of transmammary transmission (Harris et al.,
1967; Shoop and Corkum, 1984, 1987), achieved by mesocercariae migrating to the mammary
gland of the lactating female host. This represents another example of amphiparatenesis (Shoop
and Corkum, 1987) and, as discussed above for nematodes, host factors related to lactation and
developmental responses by parasites to those factors are presumably involved. Furthermore,
A. marcianae can also utilize paratenic hosts in a manner similar to that of Toxocara. When a
mesocercaria-infected frog intermediate host is preyed upon by a cat or raccoon definitive host,
migration is initiated and development to metacercariae and adult parasites occurs. However,
when a mesocercaria-infected frog is preyed upon by a reptile, bird or mammal other than the
definitive cat or raccoon host, the mesocercariae penetrate the tissues of the paratenic host and
await its ingestion by the appropriate definitive host. As with T. canis, host factors related to
species and plastic developmental responses by the parasite to those factors are presumably
involved in this life cycle.

Other examples of developmental plasticity can be found in archaic trematodes, the
Aspidogastrea (Rohde, 1994). In some species, e.g. Aspidogaster conchicola, vertebrates serve
only as facultative hosts and the life cycle can be completed by parasitism of the molluscan
host alone (Rohde, 1994). For other aspidogastreans, such as Lobatostoma manteri, the
vertebrate host is obligatory but the larval parasites are able to survive outside the host for
prolonged periods if necessary (Rohde, 1994). These life cycles superficially resemble that of
Strongyloides spp., but there is no evidence yet that precise developmental switching in
response to environmental or host factors regulate the developmental responses of
aspidogastreans.

7. Developmental responses in schistosomes
Evidence that host immune factors may influence schistosome development was first presented
by Coker (1957) who demonstrated that, contrary to expectations, administration of
immunosuppressive doses of corticosteroid to Schistosoma mansoni-infected mice inhibited
the establishment of the parasite. Similar results were produced by Weinmann and Hunter
(1960), although in both of these cases it was not possible to discriminate between a direct
effect of steroids on the parasite and an indirect effect mediated via the immune system.
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Evidence in support of the latter explanation was provided by Doenhoff et al. (1978) and by
Harrison and Doenhoff (1983). In these studies, corticosteroids, other immunosuppressants
and depletion of T lymphocytes were all found to also delay schistosome maturation and the
onset of oviposition in S. mansoni-infected mice, suggesting that T lymphocytes are a host
factor that elicits developmental responses in S. mansoni.

The importance of the adaptive immune system as a host factor in normal schistosome
development in mice was further delineated by Amiri et al. (1992), who found that schistosome
fecundity was reduced in animals that are homozygous for the prkdcscid allele, a mutation that
reduces levels of both B and T lymphocytes. In these animals, normal schistosome fecundity
could be restored by administration of exogenous tumour necrosis factor (TNF), a
proinflammatory cytokine (Amiri et al., 1992).

These results prompted us to next examine S. mansoni development in animals that completely
lack an adaptive immune system (Davies et al., 2001). For this purpose, mice that are
homozygous for targeted deletions of recombination activating gene-1 (RAG-1) were used
(Mombaerts et al., 1992). Deletion of the RAG-1 genes blocks V (D) J recombination, prevents
expression of all rearranged antigen receptors and renders the animal deficient in all B and T
lymphocytes. Surprisingly, S. mansoni parasites isolated from these animals display a severe
phenotype, characterised by overall reduction in body size, delayed development and a
reduction in fecundity (Davies et al., 2001). Further experiments confirmed that a T lymphocyte
population that expresses the CD4 cell surface molecule is the dominant host factor in
determining the outcome of schistosome development (Davies et al., 2001). Administration of
cytokines alone, including TNF, was not sufficient to rescue the profoundly attenuated
phenotype of S. mansoni in RAG-1−/− mice (Davies, Lim and McKerrow, unpublished).

Despite the grossly abnormal phenotype of S. mansoni in RAG-1−/− animals (Davies et al.,
2001), the available data suggest that parasite development is merely altered and that the
parasites are not crippled or dying. For example, there is no difference in parasite recovery
rates between wild type mice and RAG-1−/− mice (Davies, Lim and McKerrow, unpublished).
Further, the small numbers of eggs produced by S. mansoni in RAG-1−/− mice are viable and
the miracidia that hatch from them are infectious for Biomphalaria glabrata snails. In one
experiment, exposure of 79 B. glabrata to 160 miracidia derived from RAG-1−/− mice produced
infections in 17 snails, an infection rate of 22% and similar to rates obtained with miracidia
from wild type animals in our laboratory. Cercariae produced by these snails are also infectious
for mice (Davies, Lim and McKerrow, unpublished), indicating that the entire S. mansoni life
cycle can be maintained in immunodeficient hosts.

The selective advantage of a developmental response to immunodeficient hosts that results in
the development of smaller, less fecund parasites is not immediately obvious. However, some
insights may be gained from the examination of survival rates of infected RAG-1−/− mice and
those of other immunodeficient animals that support normal S. mansoni development. One
such example is the doubly deficient β2-microglobulin (β2-m)−/− /major histocompatability
complex (MHC) class mouse (Grusby et al., 1993), which lacks all conventional T cells but
supports normal schistosome development, possibly because of an unusual CD4+ T cell
population that is retained at the site of parasite development in the liver (Davies et al.,
2001). The absence of CD4+ T helper (TH) cells in both RAG-1−/− and β2-m−/− /MHC II−/−

mice renders them unable to form granulomas around schistosome eggs that lodge in the liver
(Pearce and MacDonald, 2002) and both are therefore equally susceptible to hepatocellular
damage during schistosome infection (Byram et al., 1979). However, the greatly reduced rates
of egg production in RAG-1−/− animals significantly prolongs their survival and the survival
of their parasite burdens (Fig. 1). Whether prolonging survival of an immunodeficient host

Davies and McKerrow Page 6

Int J Parasitol. Author manuscript; available in PMC 2010 June 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



confers some advantage to the parasite, such as increasing the probability of transmission to a
snail intermediate host, remains to be seen but this is a hypothesis we are currently testing.

Evidence for developmental responses by schistosomes to other host factors has come from
studies that manipulate levels of the host cytokine interleukin (IL)-7 (Wolowczuk et al.,
1999; Roye et al., 2001; Saule et al., 2002). Infection of IL-7−/− mice with S. mansoni results
in a dramatically abnormal parasite phenotype (Wolowczuk et al., 1999) similar to that
observed in RAG-1−/− mice (Davies et al., 2001). These results extended previous findings
that IL-7 is expressed in the skin at the time of schistosome infection and that administration
of exogenous IL-7 to infected mice enhanced schistosome survival when compared to control
animals (Wolowczuk et al., 1997). Similarly, overexpression of IL-7 in the skin of transgenic
mice also enhanced schistosome survival (Roye et al., 2001). One interpretation of these results
is that IL-7 is a host factor that directly influences the growth and survival of S. mansoni
(Wolowczuk et al., 1999). Alternatively, the effects of IL-7 deficiency on parasite development
may be mediated indirectly, as IL-7 is critical for lymphocyte development and IL-7−/− mice
are lymphopenic (von Freeden-Jeffry et al., 1995). Parasite development is also impaired in
IL-7 receptor-deficient mice (Davies, Lim and McKerrow, unpublished), which produce IL-7
but are unable to respond to it, suggesting that the parasite phenotype in IL-7−/− mice is an
indirect result of lymphocyte deficiency.

Observations by Wahab et al. (1971) regarding the interaction between host thyroid hormones
and S. mansoni development in mice are of interest. Pharmacologically decreasing thyroid
hormone levels produced worms that were smaller than normal, while increasing thyroid
hormone levels produced worms that were bigger than those from control animals and which
initiated oviposition earlier in infection (Wahab et al., 1971). The results suggest that S.
mansoni has additional developmental capacity that is not realised in normal mice. These
observations were recently repeated, manipulation of thyroid hormone signalling being
achieved by administration of exogenous thyroid hormones, by restricting access to dietary
iodine, and by targeted deletion of thyroid hormone receptor genes (Saule et al., 2002). Again,
augmentation of thyroid hormone levels resulted in the development of worms that were larger
than normal and this effect was enhanced further by simultaneous treatment with IL-7 (Saule
et al., 2002). While intriguing, it is not possible to determine whether these effects are mediated
directly on the parasite or whether the effects are indirect. Thyroid hormone in particular has
profound, global effects on the host, affecting metabolic rate (Wahab et al., 1971), growth and
development, reproduction and metabolism of carbohydrates, fats and proteins. Further,
thyroid hormones exert specific effects within the immune system on processes such as
lymphocyte development (Arpin et al., 2000).

While developmental responses by schistosomes to immune factors are clearly observable
under laboratory conditions, the question of whether this phenomenon bears any relevance to
schistosome infections under field conditions has not yet been addressed. Theoretically, a
mechanism that allows for enhanced host survival in immunocompromised hosts (Fig. 1) could
convey a selective advantage, particularly to parasites infecting host populations that display
a high frequency of compromised immune function. In areas where schistosome infection is
endemic, two possible causes of immune dysfunction are prevalent—(i) malnutrition (Desai
et al., 1980), and (ii) co-infection with other pathogens (Keusch and Migasena, 1982;Ashford
et al., 1992;Chunge et al., 1995;Thiong’o et al., 2001;Keiser et al., 2002)—suggesting that
schistosome infection and compromised immune function might coincide in the same patients
at high frequency. In a study that examined the relationship between human immunodeficiency
virus (HIV) infection and S. mansoni egg excretion rates in a population of co-infected patients
in Western Kenya (Karanja et al., 1997), it was shown that HIV infection and subsequent
depletion of circulating CD4+ T cell numbers correlated with a reduction in faecal egg output.
This observation suggests that developmental responses to immune factors might also occur
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in humans. However, it is possible that impairment of egg excretion in these patients was the
cause of reduced faecal egg output, not reduced egg production, as egg transit across the wall
of the intestine is facilitated by immune responses (Doenhoff et al., 1978).

8. Conclusions
Evidence from several areas suggests that schistosomes are capable of developmental
responses to host immune factors. Given the prevalence of developmental plasticity in
helminths to both environmental and host factors, perhaps these findings are to be expected.
In other helminths, developmental responses have apparently evolved to increase the
probability of parasite survival and transmission. Further work is now needed to (i) fully
characterise schistosome responses to host factors, (ii) fully characterise the host factors that
elicit developmental responses in schistosomes, and (iii) determine the biological relevance of
these responses to the clinical manifestations and epidemiology of schistosomiasis in the field.
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Fig. 1.
Survival of wild type, β2-m−/− /MHCII−/− and RAG-1−/− mice infected with S. mansoni.
Groups (four to five mice per group) of age- and sex-matched wild type, β2-m−/− /MHCII−/−

and RAG-1−/− mice with C57BL/6 background were exposed to 100 S. mansoni cercariae and
survival was monitored for 9 weeks post infection. Results are representative of two
independent experiments.
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Table 1

Facultative developmental arrest in nematodes

Genus Cladea Type of arrest Reference

Dictyocaulus V Seasonal Ayalew et al., 1974; Michel, 1974

Ostertagia V Seasonal Armour and Bruce, 1974

Cooperia V Seasonal Sommerville, 1960; Michel et al., 1970

Hyostrongylus V Seasonal Burden et al., 1970; Connan, 1971

Obeliscoides V Seasonal Fernando et al., 1971

Haemonchus V Seasonal Eysker, 1981

Nematospiroides V Host-induced Behnke and Parish, 1979

Nematodirus V Seasonal Waller and Thomas, 1983

Oesophagostomum V Seasonal? Gordon, 1949; Rossiter, 1964

Cyathostome spp. V Seasonal Gibson, 1953; Chiejina and Mason, 1977

Ancylostoma V Seasonal and host-induced? Schad et al., 1973; Schad, 1982

Uncinaria V Seasonal? Olsen and Lyons, 1962, 1965

Strongyloides IV Host-induced Moncol and Batte, 1966

Ascaridia III Seasonal Ikeme, 1970

Toxocara III Host-induced Sprent, 1958, 1961; Michel, 1974

Neoascaris III Host-induced Warren and Needham, 1969

Habronema III Seasonal Schwartz et al., 1931

a
Clades defined by Blaxter et al. (1998).
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