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Abstract
A population of Hammerschmidtiella diesingi was detected in specimens of Periplanteta americana collected in Córdoba city

(Argentina) was studied. Nematodes were characterized based on morphological, morphometric and genetic (D2-D3 expansion

segment) analyses. New data are provided, especially on particular morphological characters that were a matter of controversy

in previous studies. H. diesingi is reported in Argentina for the first time.
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Introduction

Cockroaches occupy a wide variety of habitats, including trop-

ical and temperate forests, deserts, grasslands, and saltmarshes

(Bell et al. 2007). To date, more than four thousand species

have been identified worldwide, of which only 1% are related

to human environment (Thyssen et al. 2004). In Argentina 

33 genera and 84 species have been cited (Crespo and

Valverde 2005), Periplaneta americana (family Blattidae)

being one of the most important domestic pests.

Nematodes belonging to the family Thelastomatidae (order

Oxyurida) are parasitic or commensal in saprophytic terrestrial

arthropods (Shah 2007). It is a large family, currently represented

by about 31 genera. These nematodes live within the hindgut of

the host and would feed on the bacterial microfauna found there

(Adamson 1994). Several studies conducted to detect nematodes

associated with P. americana (Rao 1958, Biswas and

Chakravarty 1963, Singh and Kaur 1988, Shah 2007) found that

some species of Leidynema, Thelastoma, and Hammer-
schmidtiella are common in the hindgut of this insect. The latter

nematode genus currently comprises 12 validated species, some

of which parasitize cockroaches as well as diplopods. Each

species is associated with a given group of arthropods, such as

H. diesingi and the order Blattaria (Kloss, 1966).

In Argentina, studies on nematodes associated with

P. americana are scarce (Camino et Marino, 2002), T. do-
mesticus Camino et Quelas, 2008 being the only species 

reported to date (Camino and Quelas 2008). Recently,

H. diesingi was detected in the province of Córdoba in

P. americana (Lax 2008, Lax et al. 2009). Although the

species was first described about 174 years ago (Hammer-

schmidt 1838), its populations have received limited investi-

gation. Some previous descriptions have incomplete and

inaccurate information and are often poorly illustrated. 

Molecular tools provides the prospect for the specific iden-

tification of members of the superfamily Thelastomatoidea, as

a basis for systematic, ecological and/or population genetic

investigations (Jex et al. 2006). The expansion segments or

divergent (D) domains in the large subunit (LSU) of the ribo-

somal DNA have been suggested as genetic markers for tax-

onomic and/or phylogenetic studies of parasites (Zhang et al.
2007). The D3 domain has been indicated as useful in deter-
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mining genetic relationships of thelastomatoids and its use was

proposed in systematic and ecological studies in this nema-

tode group (Jex et al. 2006). Currently, a single sequence of

D2-D3 expansion segment is known for H. diesingi (Spiri-

donov and Guzeeva 2009). The aim of the present work was

to provide a morphological, morphometric and molecular

characterization of the nematode population detected in Ar-

gentina and to contribute to the knowledge of the species. 

Materials and methods

Insect collection

Live specimens of P. americana were collected in the Centro

de Zoología Aplicada, located in the city of Córdoba (Capital

department, province of Córdoba, Argentina) using baited

traps placed in drains. Cockroaches were dissected and the

hindgut was excised and placed in a Petri dish containing

Ringer solution. The hindgut was then cut longitudinally to

extract nematodes. 

Morphological and morphometric analyses

Hammerschmidtiella diesingi females and males were fixed

in 70% alcohol at 60°C. After 7–10 days, the alcohol was re-

placed with a solution composed of 97.5 parts of 70% alcohol

and 2.5 parts of pure anhydrous glycerine. After 4 days, the

solution was replaced with another solution consisting of 95

parts of 70% alcohol and 5 parts of pure anhydrous glycerine.

At 72 h, the specimens were transferred to a Petri dish con-

taining the latter solution; the dish was left half covered at

room temperature (15–25°C) to allow the alcohol to evapo-

rate, leaving nematodes in glycerine. Specimens were indi-

vidually mounted between slides. Observations were made

using an optical microscope equipped with an ocular mi-

crometer and a drawing tube. 

The morphological and morphometric characters recorded

were those usually considered of taxonomic importance for

the species (Chitwood 1932, Lee 1958, Rao 1958, Leiber-

sperger 1960, Kloss 1966, Singh and Agarwal 1998, Shah

2007). The specimens were photographed in vivo using a dig-

ital camera mounted on the microscope. To ensure that the in-

formation obtained was representative of the population, 30

specimens of each sex were considered. All measurements are

in micrometres unless otherwise stated.

Molecular analysis 

For molecular studies, two species besides H. diesingi were

processed: Thelastoma sp. collected from P. americana (Cór-

doba city, Córdoba, Argentina) and Leidynema appendiculata
obtained from Blaptica sp. (unknown locality, province of

Buenos Aires, Argentina). Three individuals of each nematode

species were transferred to a sterile 0.5 ml tube containing 

5 µl of distilled water. DNA was extracted following the pro-

tocols of Lax et al. (2007). The D2-D3 domain was amplified

using the primers D2A (5´-ACA AGT ACC GTG AGG GAA

AGT TG-3´), and D3B (5´-TCG GAA GGA ACC AGC TAC

TA-3´) (Spiridonov and Guzeeva 2009). 

PCR reaction was performed in a total volume of 25 µl

containing: 2 µl of DNA, 2.5 µl 10x reaction buffer (500 mM

KCl, 15 mM MgCl
2
, 100 mM Tris-HCl, pH 9.0), 2.5 mM

MgCl
2
, 0.2 mM of each dNTP, 15 ng of each primer, and 

0.5 U of Taq DNA Polymerase (Amersham Biosciences). The

PCR conditions for amplification were: an initial denaturation

at 94°C for 5 min, followed by 40 cycles of 30 sec at 94°C, 

60 sec at 50°C, 80 sec at 72°C, and a final extension of 10 min

at 72°C. Reactions were performed in a thermal cycler (Mas-

tercycler Eppendorf). Amplified PCR products were separated

in 1.5% agarose gel stained with ethidium bromide with 

100 bp DNA ladder (Promega, USA) as size markers. Gels

were photographed with a Kodak-DC digital camera using a

UV transilluminator. PCR products were purified and se-

quenced in both directions. 

All the sequences obtained were aligned using default set-

tings in ClustalX 2.0 (Larkin et al. 2007) with sequences de-

posited in GenBank for H. diesingi (EU365628), H. cristata
(EU365629), as well as for other related taxa belonging to the

family Thelastomatidae, which inhabit the hindgut of several

cockroach species: Cranifera cranifera (EU365632), L. ap-
pendiculata (EU365630), L. portentosae (GQ401114), Seve-
rianoia sp. (EU365631), and Thelastoma sp. (GQ368468).

Sequences were submitted to the NCBI database.

The sequence data were subjected to phylogenetic analy-

sis using maximum parsimony (MP) and neighbour joining

(NJ) algorithms in MEGA v. 4 software (Tamura et al. 2007).

The data were also subjected to analysis using Bayesian in-

ference (BI). Sequences of Singhiella sp. (GQ368465) and As-
caris lumbricoides (AY210806) were included as an outgroup.

MP analysis was performed using heuristic search settings

with 100 replicates of random taxon addition. The Kimura 

2-parameter model of base substitution (Kimura 1980) was

used to obtain distance measures which were then displayed in

a NJ tree. Bootstrap analysis with 1000 replicates was con-

ducted to assess the degree of support for each branch on the

MP and NJ trees. Bayesian inference analysis was performed

using MRBAYES 3.1.2 (Ronquist and Huelsenbeck 2003). To

determine the most appropriate model of nucleotide substitu-

tion for the data set, sequences were analysed with jMODEL-

TEST 0.1.1 (Posada 2008). The GTR + G model was selected

using the Akaike criterion. Two independent runs were per-

formed simultaneously on the data set, each using one cold

and three heated chains. After discarding burn-in samples and

evaluating convergence, the remaining samples were retained

for further analysis. After one million generations, the average

standard deviation of split frequencies between the two inde-

pendent runs was 0.0038. A 50% majority rule consensus tree

was generated; it was displayed using the TreeView (Win32)

program (Page 1996).



Results

Description (Tables I, II; Figs 1, 2)

Female. Body cylindrical, fusiform, greatest diameter at

vulva. Cuticle annulated; the first six body annules wide and

extending up to beginning of oesophageal pseudobulb. The

remaining body annules narrow posteriorly. Lip annule with

triangular stoma opening. Buccal cavity as long as wide. Oe-

sophageal corpus clearly differentiated into two parts, an an-

terior cylindrical part and a posterior part represented by a

large pseudobulb. Nerve ring located at the cylindrical por-

tion of corpus, near beginning of pseudobulb. Isthmus cylin-

drical, short, followed by a voluminous spheroid basal bulb

Table I. Morphometric characters of females and males of Hammerschmidtiella diesingi detected in Periplaneta americana in Córdoba city
of Argentina

Character Females (n = 30) Males (n = 30)

Body length 2666.7 (1717.6–3435.3) 701.4 (481.1–1018.9)

a (Body length/maximum body width) 11.2 (7.5–14.4) 12.4 (8.9–16.3)

b (Body length/oesophagus length) 11.4 ( 9.5–16.0) 5.6 (4.6–7.9)

c (Body length/tail length) 3.1 (2.6–4.0) 7.0 (4.8–9.6)

c´ (Tail length/ width at anus) 11.5 (6.6–14.7) 4.4 (3.4–5.5)

V 23.2 ( 20.0–32.6) –

Maximum body width 240.5 (166.2–312.5) 57.4 (39.0–88.0)

Buccal cavity width 10.9 (8.0–12.0) 4.8 (4.0–8.0)

Buccal cavity length 9.6 ( 7.0–12.0) 3.8 (3.0–6.0)

Labial ring width 22.0 (19.0–25.0) –

First body annule length 14.0 (13.0–17.0) –

Second body annule length 18.0 (15.0–20.0) –

Third body annule length 19.0 (16.0–22.5) –

Forth body annule length 21.0 (18.0–27.0) –

Fifth body annule length 23.0 (19.0–28.0) –

Six body annule length 24.0 (19.0–29.0) –

Oesophagus length 297.8 ( 260.0–342.5) 124.7 (102.0–152.0)

Pseudobulb-anterior end 185.7 (162.5–218.7) 64.1 (52.0–79.0)

Corpus length 105.0 (87.5–127.5) 46.2 (38.0–58.0)

Corpus width 24.8 (20.0–30.0) 9.6 (8.0–11.0)

Pseudobulb length 89.4 ( 71.3–120.0) 18.2 (14.0–23.0)

Pseudobulb width 58.7 ( 45.0–71.2) 13.3 (11.0–16.0)

Isthmus length 38.5 ( 30.0–50.0) 33.9 (22.0–43.0)

Isthmus width 22.9 (17.5–28.7) 9.8 (7.5–13.0)

Basal bulb length 73.1 (57.5–83.7) 27.9 (22.0–54.0)

Basal bulb width 76.4 (62.5–90.0) 21.0 (13.0–26.0)

Nerve ring-anterior end 97.1 (81.0–115.0) 83.8 (66.0–103.0)

Excretory pore-anterior end 355.4 (287.5–445.0) 170.5 (122.5–219.0)

Vulva-anterior end 615.6 (438.6–836.4) –

Spicule length – 30.3 (25.0–35.0)

Gubernaculum length* – 12 (12–14)

Width at anus 75.8 (60.0–95.0) 23.1 (20.0–30.0)

Tail length 871.6 (479.4–1132.2) 101.3 (78.0–115.0)

*n = 12. Measurements in µm.

Table II. Morphometric characters of eggs and second-stage larvae of Hammerschmidtiella diesingi detected in Periplaneta americana 
in Córdoba city of Argentina

Character Eggs (n = 30) Second-stage larvae (n = 10)

Total length 76.9 (61.0–85.0) 52 (50–56)

Maximum width 31.1 (25.0–35.0) 20.5 (19–22)

Measurements in µm.



Fig. 1. Hammerschmidtiella diesingi from Córdoba city, Argentina. Females. A. Anterior region, showing oesophagous, intestine and vulvar
region. B. Detail of vulvar region, with vagina posteriorly directed. C. Detail of vulvar region, with vagina directed to midbody. D. Female
with eggs containing second-stage larvae. E. Detail of an egg inside the uterus. F. Egg with operculum (arrow) and second-stage larvae with
con molt cuticle (arrow with dashed line). G. Location of phasmids (arrows)



with a prominent valve apparatus. Presence of narrow lateral

alae originating at level of isthmus and extending near be-

ginning of caudal filament. Diameter of anterior portion of

intestine slightly smaller than body width. Excretory pore

situated slightly behind of oesophagus-intestine junction, at

approximately 13.5% (11–17) of body length. Reproductive

system didelphic. Vulva located about 23% of body length;

vulvar opening small (about 35 μm in length) and lips

slightly protuberant. Vagina connected to common uterus. In

some individuals, vagina may flex immediately to posterior

or be directed to midbody. Common uterus directed posteri-

orly, flexed between 198–330 μm before the anus and then

continues to anterior. Then it divides into two uteri; taking

into account these uteri, the reproductive system is prodel-

phic. Each uterus is connected to an oviduct that usually con-

tains sperm. Sperm with oval body (3 μm long and 2 μm

wide) and a filament of about 7 μm in length. The long

ovaries reflexed many times, extend anterior to the vulva and

end anterior or posterior to it. Uterus containing numerous

eggs. Intestine simple and tubular. Phasmids located later-

ally, behind the anus, not opposite each other. Tail filiform,

forming 25–38% of body length. 

Eggs. Ellipsoidal; egg shell with numerous pores irregu-

larly distributed on the surface; presence of an operculum on

one end. Operculum separated from the remainder of the shell

by a groove. Eggs in the uterus usually in one cell stage, gen-

erally arranged in a single or double row. Three females had

eggs in the uterus containing second-stage larvae; body of this

stage oval, with conical posterior end. Larva oriented with its

tail to the operculated part of the egg. In the anterior region,

the buccal capsule is differentiated; oesophagus slightly

curved with a basal bulb. The first-stage cuticle loose, sur-

rounding the larva; the loose cuticle is observed at the poste-

rior end. 

Male. Body fusiform, truncate in the posterior region at

anus level, terminating in a caudal filament. Cuticle annulated;

very narrow annules at anterior region, widening at isthmus

level; annule size is maintained along the remainder body.

Labial annule small; stoma opening triangular. Buccal cavity

small, wider than long. Oesophageal corpus cylindrical, ter-

minating in a slight widening. Isthmus short, followed by a

conspicuous, slightly oval basal bulb; isthmus has a refringent

valvular apparatus. Presence of a pair of lateral alae extending

from isthmus level to proximity of anus. Nerve ring located at

mid isthmus. Excretory pore located at about 24% (20–28%)

of body length, behind the oesophago-intestinal junction. An-

terior portion of intestine occupying almost the entire body

width. One testis of large size, extending from the cloacal

opening to mid body. Presence of three pairs of caudal papil-

lae (one subventral, one adanal and one subventral postanal)

and a conspicuous double papilla at base of caudal filament.

Spicule straight; gubernaculum slightly curved, difficult to dis-

tinguish in cleared specimens. Tail with a caudal filament. No

phasmids were observed.

Fig. 2. Hammerschmidtiella diesingi from Córdoba city, Argentina. Males. A. Double papillae at base of caudal filament. B. Spicule and 
gubernaculum (arrow) 



Molecular analysis 

A 736-bp fragment of the D2-D3 domain was amplified from

the specimens of H. diesingi. Nucleotide frequencies (percent)

were T = 25.5, C = 20.5, A = 24.0, and G = 29.9. Phylogenetic

trees of LSU sequences showed similar grouping using the

different methods employed (Fig. 3); H. diesingi from Ar-

gentina grouped with the only sequence known, to date, for a

population of the same species (99% similarity) from Russia,

collected in the Oriental cockroach Blatta orientalis. Our se-

quence of Thelastoma sp. clustered with a sequence of an in-

dividual of the same genus (94% similarity), also extracted

Fig. 3. Phylogenetic relationships between the Hammerschmidtiella diesingi population from Argentina and other oxyurids. A. Maximum 
parsimony tree (1000 bootstrap replicates); bootstrap values are indicated in the nodes. B. Bayesian consensus tree obtained after one 
million generations under the GTR + G model; posterior probabilities are given in nodes. Newly sequenced samples are indicated in bold



from the gut of P.americana in Russia, whereas L. appendic-
ulata was related to a sequence of the same nematode (99%

similarity), obtained from P. americana according to Spiri-

donov and Guzeeva (2009). This nematode species was asso-

ciated with L. portentosae, a parasite of Gromphadorhina
portentosae.

Discussion

The close relationship between H. diesingi and P. americana
suggests that the nematode would have been spread world-

wide via the dispersal of its host (Adamson and van Waere-

beke 1992). To date, H. diesingi has been found parasitizing

the same insect in several countries, such as Germany

(Leibersperger 1960), Brazil (Kloss 1966), India (Rao 1958,

Jain and Kaur 2001, Shah 2007), Malaysia (Khairal and Paran

1977), Poland (Gabryelow and Lonc 1986), and USA (Do-

brovolny 1933). The present work reports the first record of

the nematode in Argentina. 

Some of the morphological characters of the population

studied are consistent with records for the species (Chitwood

1932, Leibersperger 1960, Kloss 1966, Gupta and Kaur 1978,

Yu and Crites 1986, Gupta 1997, Shah 2007); however, there

are some differences from previous descriptions. In nematodes

from the locality of Manipur, India, the presence of a terminal

cap-like structure in the caudal filament of females was men-

tioned and illustrated (Shah 2007). In the present work, as in

previous descriptions (Lee 1958, Leibersperger 1960, Kloss

1966, Gupta 1997), that characteristic was not observed. 

According to Maggenti (1981), the position and direction

of the uteri – and not of the ovary – are important for the

nomenclature of the female reproductive system; these terms

were usually mistakenly used as synonymous. This may ex-

plain the contradictions observed not only within Hammer-
schmidtiella, but also among descriptions of H. diesingi
populations. When Chitwood (1932) created the genus, he in-

dicated that the female reproductive system was amphidel-

phic. Later, Adamson and van Waerebeke (1992) provided the

diagnosis of the genus, indicating that it was prodelphic. In

populations of H. diesingi, the female reproductive system

was described as prodelphic (Kloss 1966, Shah 2007), opisth-

odelphic (Wharton 1979) and amphidelphic (Leibersperger

1960), whereas in other populations, it was not described (Lee

1958, Gupta 1997). Kloss (1966) also indicated the presence

of a single uterus for two ovaries; however, according to ob-

servations in the present work, the common uterus is divided

into two uteri, each one connected with an oviduct and its cor-

responding ovary. 

Another morphological character that has led to contradic-

tory interpretations is the papilla present at the base of caudal fil-

ament in males. In the specimens analyzed in the present work,

a double papilla was observed, in agreement with previous

records for other populations of the species (Leiber-

sperger 1960, Shah 2007). That characteristic, however, was de-

scribed as a simple papilla in other studies based on optical mi-

croscopy (Lee 1958, Rao 1958) and SEM (Yu and Crites 1986).

In the latter work, the papilla was mentioned by the authors but

not illustrated in apical view (only in dorsolateral view). 

The influence of the environment on the development of

thelastomatid eggs would be a rewarding area for study (Ho-

minick 1972). Lee (1958) stated that eggs of H. diesingi are

deposited in two- or four-cell stage, whereas Todd (1944)

mentioned that at the time of extrusion, eggs are usually in the

one-cell stage. This is in disagreement with some results of

the present work, because females with the uterus containing

eggs at the infective stage were observed; this aspect has never

been indicated previously for this species. In H. diesingi, the

first molt occurs outside the host and results in a “resting (in-

fective) stage”; the second molt occurs after the ingestion of

the egg by the cockroach and is followed by a second active

stage and the egg hatches in the digestive tract of the host

(Todd 1944). Length and width measurements as well as mor-

phological aspects provided by Adamson and Clease (1989)

for the “resting stage” (second-stage larva) are consistent with

our results. Hominick (1972) also found females of L. appen-
diculata containing eggs at the infective stage. A similar situ-

ation was observed in dead females of this nematode, which

were recovered when treating specimens of P. americana with

an anthelminthic (Pawlik 1966). It should be noted that in the

present work, during dissection of cockroaches, live and active

nematodes were extracted and immediately fixed. The eco-

logical role of the infective stage in thelastomatoids is to en-

sure the parasite persistence over time (Adamson and Clease

1989). For this reason, it would be important to evaluate the

development of eggs retained in the uterus of H. diesingi fe-

males when the nematode (and even its host) is exposed to dif-

ferent environmental factors. 

The gubernaculum is another character whose description

was controversial in the different characterizations of H. die-
singi. When describing the characteristics of this species,

Kloss (1966) indicated the absence of this structure, whereas

other authors did not mention it (Lee 1958, Rao 1958, Gupta

1997, Shah 2007). In the description of H. andersoni, Adam-

son and Nasher (1987) remarked that this was the only species

with a gubernaculum within the genus. However, Leiber-

sperger (1960) mentioned and even illustrated the gubernacu-

lum in H. diesingi, which is consistent with what was observed

in the present work. In addition, its length falls within the

range provided by that author. These contradictions about such

important character are possibly due to the difficulty in ob-

serving it in cleared specimens. 

Phasmids have not been mentioned in some descriptions

(Lee 1958, Kloss 1966, Gupta 1997, Shah 2007). In the pres-

ent work, they were observed in females but were not visible

in males, which is consistent with previous SEM observations

(Yu and Crites 1986). According to the latter authors, phas-

mids in males may be internal without external openings.

Most of the morphometric characters were within the

ranges known for the species (Lee 1958, Rao 1958, Leiber-



sperger 1960, Kloss 1966, Sharma and Gupta 1983, Shah

2007). Females identified as H. diesingi (Carreno and Tuhela

2011) were recently found in peppered cockroach, Archiman-
drita tesselata Rehn, 1903; however, some measurements,

such as buccal cavity length, isthmus length and vulva-anterior
end were much higher than the values known for the species.

The range obtained for location of nerve ring in males agrees

with previous descriptions (Chitwood 1932, Lee 1958, Leiber-

sperger 1960, Kloss 1966, Shah 2007). However, illustrations

provided in some of the mentioned works are confusing.

Leibersperger (1960) and Chitwood (1932) did not include the

nerve ring in the male drawings, whereas in the illustrations of

Kloss (1966), Shah (2007) and Gupta (1997), the nerve ring

was situated anteriorly to the pseudobulb. According to Lee

(1958), it is located in the middle of the oesophageal isthmus,

as it was observed in the present work. These considerations

show that some descriptions of H. diesingi are neither com-

plete nor fully accurate. Therefore, other populations of the

nematode should be studied to evaluate the controversial char-

acters mentioned above, some of which are of taxonomic im-

portance for the species. 

Jex et al. (2006) stated that the D3 domain provides suffi-

cient information to resolve thelastomatoids at the genus level.

Hammerschmidtiella diesingi and H. cristata, the only two

species of the genus for which there is information available

on the D2-D3 segment, were clearly discriminated based on

the comparison of the sequences obtained in the present work

and in others already documented for the family Thelastom-

atidae. A similar situation was also observed between the two

species of Leidynema. Hence, further molecular studies con-

ducted with other species of the genus Hammerschmidtiella
would be important to evaluate the validity of some of them,

mainly of those whose descriptions are incomplete and which

have also been detected in P. americana in several locations

worldwide, such as: H. bisiri, H. aspiculus, H. neyrai and

H. poinari. Because of the differences observed in the de-

scribed populations of H. diesingi, the morphological charac-

terization should be complemented with molecular studies

using the D2-D3 domain data and/or data for other marker re-

gions.
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