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Abstract: A Bangladeshi patient with prior travel to Saudi Arabia was hospitalized in the United
States for a presumptive liver abscess. Praziquantel was administered following a positive Schistosoma
antibody test. Ten days later, a subadult worm migrated to the skin surface and was identified
morphologically as Gnathostoma spinigerum. This case highlights the challenges of gnathostomiasis
diagnosis, raising questions on potential serologic cross-reactivity and the possible role of praziquantel
in stimulating outward migration of Gnathostoma larvae/subadults.
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1. Introduction

Gnathostomiasis is a foodborne zoonosis with diverse and sometimes serious clinical outcomes.
Transmission occurs via consumption of advanced third-stage (AL3) larvae encysted in undercooked
meat of intermediate or paratenic hosts, commonly freshwater fish, frogs, snakes, and fowl. Larvae
undergo an invasive course of migration in the aberrant human host after penetrating the gastrointestinal
wall, first migrating to the liver parenchyma and then other organs [1]. The usual presentation is
cutaneous gnathostomiasis, frequently preceded by a nonspecific prodrome due to larval migration.
Other presentations include urogenital, visceral, ocular, and neurological gnathostomiasis [1,2].
Management can be challenging with frequent relapses or treatment failures [3].

The known zoonotic species are Gnathostoma spinigerum, G. hispidum, G. doloresi, G. nipponicum,
G. binucleatum, and possibly G. malaysiae [1,2]. Among these, G. spinigerum is the best-studied with
the broadest occurrence; this species is endemic across Southeast Asia, East Asia, India, Africa, and
possibly Australia [1]. Gnathostomiasis has been recognized as a parasitic infection of travelers and
refugees from endemic regions [2,4], however, awareness among general practitioners in nonendemic
countries may be limited.

2. Case Report

In June 2018, a 46-year-old female originally from Bangladesh (emigrated to the USA in 2017)
presented to her primary care physician with complaints of diarrhea. The patient had traveled to Saudi
Arabia for ten days and developed symptoms one week after returning to the USA. She was prescribed
a 7-day course of metronidazole, though she only complied for 2 days due to religious fasting. Two
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weeks following symptom onset, the patient was admitted to the hospital with diffuse intermittent
abdominal pain that began two days earlier and continuing diarrhea. She reported epigastric and
right upper abdominal quadrant (RUQ) pain and increased belching. No other signs/symptoms were
reported or observed.

Upon admission she was afebrile and had stable vital signs. Physical examination revealed mild
discomfort to deep palpation of the epigastrium and RUQ. Her white blood cell (WBC) count was
elevated at 20.64 × 109/L (normal (4.70–10.30) × 109/L) with 57.8% eosinophils, 18.8% neutrophils,
19.7% lymphocytes, and 0.5% basophils. A CT scan of the abdomen showed diffuse gastric wall
thickening with mild adjacent inflammatory change, suggestive of gastritis, and a hypodensity in the
left lower liver measuring 2.2 cm with a rim enhancing wall, suspicious for abscess. Metronidazole and
ceftriaxone treatment was initiated. Interventional radiology was consulted for liver abscess drainage,
but the procedure was deferred in view of the small size. The abdominal pain resolved on the second
day of hospitalization, but the patient remained admitted for continuation of IV antibiotic treatment.

On the third day of hospitalization, serum and stool specimens were collected and sent for
testing for various parasitic etiologies, including schistosomiasis, to determine the cause of peripheral
eosinophilia and liver abscess. Antibody tests for Entamoeba histolytica, Strongyloides, and Toxocara
and a pan-filarial assay were negative. Three of four stool examinations were negative (one positive
for Blastocystis). The patient was discharged on day 8 following placement of a peripherally-inserted
central catheter for the continuation of intravenous ceftriaxone (6-week course) and oral metronidazole
for liver abscess treatment.

Five weeks following discharge, a RUQ sonogram showed abscess resolution, however,
blood work revealed persistent WBC elevation (17.66 × 109/L) with 46.1% eosinophils, 29.0%
neutrophils, 20.6% lymphocytes, 2.9% monocytes, and 0.5% basophils. She was advised to
continue ceftriaxone/metronidazole for another week. A few days later, a low positive result was
returned for the previously-ordered Schistosoma antibody test (FAST-ELISA value 13.0 (0–10 normal));
ceftriaxone/metronidazole was ceased and praziquantel (40 mg/kg in 2 doses taken in one day) was
prescribed. Ten days after praziquantel treatment, the patient reported epigastric pain with localized
rash, pruritus, and hyperesthesia. Clinical examination identified a serpiginous track with an emerging
worm over the upper abdomen (Figure 1) which was extracted. Photos of the parasite were submitted
for telediagnosis to the Centers for Disease Control and Prevention (Atlanta, Georgia, USA). The
specimen was stored in 70% ethanol and shipped for morphologic examination.
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By microscopy, the gross appearance and the presence of a cephalic bulb and broad caudal alae
(Figure 2) were characteristic of a subadult male Gnathostoma. The total length was 0.66 cm; other
morphometric characteristics are summarized in Table 1. The cephalic bulb had two lips and cephalic
spines were simple, arranged in eight alternating rows. The blunt posterior was difficult to assess in
detail due to the position in which the worm was fixed; caudal alae were broad and rounded. The
extremities were deep red in color, and body spines began after the cephalic bulb. Anterior spines
were mostly tricuspidate, occasionally quadricuspidate, with points of roughly even length. Further
posteriad, spines became elongate and bicuspidate and eventually became single points before an
aspinous area at ~60% of the distance from the anterior. Sparse, simple spines were present on the
interior portion of caudal alae (Figure 2).
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Figure 2. Subadult male Gnathostoma spinigerum extracted from the patient. (A) Whole worm, measuring
0.66 cm; (B) short, three-pointed spines just behind cephalic bulb; (C) longer spines on anterior half of
body; (D) aspinous area of the posterior body; (E) caudal alae showing round pedunculate papillae
and surface texture with simple spines. Photos of spines taken under 200×magnification.

Table 1. Morphometric characteristics of the subadult Gnathostoma spinigerum male extracted from
the patient.

Aspect Size

Total length 0.66 cm
Cephalic bulb maximal width 575 µm
Cephalic bulb length 300 µm
Width immediately behind cephalic bulb 675 µm
Width at midbody 950 µm
Width before posterior 700 µm

Caudal alae 260 µm widest
210 µm narrowest

Based on detailed microscopic examination and characteristics of the body spines, this worm
was identified as Gnathostoma spinigerum. The shape and distribution of spines were sufficient to rule
out other zoonotic Gnathostoma spp. using published descriptions. PCR was also attempted on a
small fragment of the worm, but insufficient DNA was extracted and amplification was unsuccessful.
The patient was treated with ivermectin (0.2 mg/kg, 2 days) following confirmation of the diagnosis,
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resulting in resolution of symptoms and eosinophilia. A follow-up abdominal CT scan one month later
was normal.

3. Discussion

We identified an imported case of cutaneous gnathostomiasis caused by a subadult male G.
spinigerum with some interesting characteristics. Gnathostoma spp. diagnosed in cases of deeper tissue
involvement (e.g. brain, urogenital, liver) are typically of a larval stage, but worms from cutaneous
cases may show a variable degree of maturation, although never reaching sexual maturity [2,5].
Recovery of the intact, subadult worm allowed for species determination based on body spines, which
is more straightforward than on advanced third-stage larvae (AL3). For example, all but one zoonotic
Gnathostoma species have AL3 with four rows of cephalic hooklets, and body spines are not sufficiently
developed [1,5]. Histological sectioning allows examination of intestinal cell morphology, but this may
be difficult to distinguish except in ideal lateral sections [6].

Spontaneous percutaneous emergence is relatively rare in gnathostomiasis cases; however,
this may apparently be induced by drug treatment. Albendazole was demonstrated to stimulate
outward migration of G. spinigerum larvae in a clinical trial involving Thai patients presenting with
serologically-confirmed cutaneous gnathostomiasis [7]. Emergence did not occur among 40 patients in
the placebo-treated group but was recorded three times in the group receiving albendazole (400 mg,
2× daily for 12 days). These events occurred 8–14 days following treatment and were preceded by
erythematous linear or papular lesions on areas where worms eventually emerged. In two patients, the
larvae were superficial enough that they were removed by squeezing or with a needle [7]. Percutaneous
emergence has also been noted sporadically following single-dose ivermectin treatment (0.2 mg/kg),
though more detailed clinical information is unavailable [8,9]. The development of migratory, swollen
nodules was also reported in association with interferon alpha-2b injections for hepatitis C, although
in this patient the worm did not emerge percutaneously until after nine months of therapy [10]. While
additional targeted studies will be necessary to definitively implicate praziquantel as a larval migratory
stimulus, the emergence of the worm in this patient mirrors the presentation and timing observed
in the albendazole trial, suggesting that the emergence could possibly have been stimulated by the
drug. The mechanism by which outward migration is stimulated is not known, including whether
it represents directional or random motility; it is also not clear why a drug with no appreciable
nematocidal activity would induce emergence. The nematode cuticle is believed to confer resistance to
the calcium-channel-disrupting effects observed in Platyhelminthes, but nematodes may still uptake
small amounts of praziquantel orally [11,12].

As some cases of gnathostomiasis have also been initially misdiagnosed as schistosomiasis [13,14],
it is important that clinicians consider the likelihood of exposure, clinical features, and serologic results
in differential diagnosis. However, the overlapping geographic ranges of these parasites, nonspecific
clinical manifestations, and difficulty of serologic interpretation present a challenge—particularly
if patients report complex travel history. Our patient presented with eosinophilia and was positive
for Schistosoma antibody, prompting praziquantel treatment. She had recently returned from Saudi
Arabia, but the testing was within the five-week minimum period required for seroconversion in
schistosomiasis [15,16]. Exposures within a year or two prior were unlikely since Bangladesh is
schistosomiasis nonendemic [17]. This raises the possibility that the G. spinigerum infection generated
antibodies that reacted with the schistosomiasis antigen in the FAST-ELISA. Some schistosomiasis
seroassays have known cross-reactivity with nematode infections, and anti-Gnathostoma antibodies
were shown to cross-react in the Schistosoma mekongi-specific SmkAWA ELISA [15]. Similarly to our
case, serologic testing for Schistosoma mansoni in one reported gnathostomiasis case from Brazil was
weakly positive, which lead to an initial incorrect diagnosis of schistosomiasis [14]. The low value of
the FAST-ELISA result, lack of follow-up, and negative stool examination suggest that cross-reactivity
was likely in our patient’s case. Alternately, the low level of Schistosoma antibody could possibly
indicate a very old infection; it unknown if the patient had visited Saudi Arabia on multiple occasions
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prior to the reported visit. Overall, these findings highlight the importance of investigating potential
serological cross-reactivity created by Gnathostoma infections, which may go undetected and mislead
treatment decisions. Adding to the diagnostic challenge presented by gnathostomiasis is the very
limited availability of serologic testing for Gnathostoma spp. (not available in the United States). As far
as clinical evidence, gastric wall and liver involvement observed in this patient are more consistent
with gnathostomiasis, as migration of Gnathostoma larvae involves the stomach penetration and liver
parenchyma invasion and long latent periods (months to years) can occur, supporting the notion that
the G. spinigerum was acquired some time ago in the endemic region [1,3,6].

Further research is necessary to understand the relationship between Gnathostoma emergence
and praziquantel. Drug-induced stimulation of worm migration presents a hypothetical risk if such
stimulation represents an increase in random migration. Larvae could perhaps invade deeper tissues
rather than emerging through skin, with more dire clinical outcomes. Clinicians should be aware of the
possibility of “uncovering” latent Gnathostoma infections following anthelmintic treatment in patients
from endemic regions.

Author Contributions: S.G.H.S. and M.K. wrote manuscript; S.G.H.S., H.S.B., M.N., M.F., and R.S.B. performed
specimen intake, examination, and interpretation; M.A. and M.K. managed patient and provided clinical history.

Funding: This research received no external funding.

Acknowledgments: We would like to thank John Quale (New York City Health and Hospitals Corporation) for
specimen submission and coordinating communication between laboratories. The patient in this case report
provided written informed consent for publication (CDC Division of Parasitic Diseases and Malaria human
subjects project ID 0900f3eb81932f08).

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent
the official position of the Centers for Disease Control and Prevention.

References

1. Miyazaki, I. An Illustrated Book of Helminthic Zoonoses; International Medical Foundation of Japan: Tokyo,
Japan, 1991.

2. Waikagul, J.; Chamacho, S.D. Gnathostomiasis. In Food-Borne Parasitic Zoonoses; Springer: New York, NY,
USA, 2007; pp. 235–261.

3. Strady, C.; Dekumyoy, P.; Clement-Rigolet, M.; Danis, M.; Bricaire, F.; Caumes, E. Long-term follow-up
of imported gnathostomiasis shows frequent treatment failure. Am. J. Trop. Med. Hyg. 2009, 80, 33–35.
[CrossRef] [PubMed]

4. Herman, J.S.; Chiodini, P.L. Gnathostomiasis, another emerging imported disease. Clin. Microbiol. Rev. 2009,
22, 484–492. [CrossRef] [PubMed]

5. Radomyos, P.; Daengsvang, S. A brief report on Gnathostoma spinigerum specimens obtained from human
cases. Southeast Asian J. Trop. Med. Public Health 1987, 18, 215–217. [PubMed]

6. Miyazaki, I. On the genus Gnathostoma and human gnathostomiasis, with special reference to Japan. Exp.
Parasitol. 1960, 9, 338–370. [CrossRef]

7. Suntharasamai, P.; Riganti, M.; Chittamas, S.; Desakorn, V. Albendazole stimulates outward migration of
Gnathostoma spinigerum to the dermis in man. Southeast Asian J. Trop. Med. Public Health 1992, 23, 716–722.
[PubMed]

8. Kraivichian, K.; Nuchprayoon, S.; Sitichalernchai, P.; Chaicumpa, W.; Yentakam, S. Treatment of cutaneous
gnathostomiasis with ivermectin. Am. J. Trop. Med. Hyg. 2004, 71, 623–628. [CrossRef] [PubMed]

9. Nontasut, P.; Bussaratid, V.; Chullawichit, S.; Charoensook, N.; Visetsuk, K. Comparison of ivermectin and
albendazole treatment for gnathostomiasis. Southeast Asian J. Trop. Med. Public Health 2000, 31, 374–377.
[PubMed]

10. Sangchan, A.; Sawanyawisuth, K.; Intapan, P.M.; Mahakkanukrauh, A. Outward migration of Gnathostoma
spinigerum in interferon alpha treated Hepatitis C patient. Parasitol. Int. 2006, 55, 31–32. [CrossRef] [PubMed]

11. Harnett, W. The anthelmintic action of praziquantel. Parasitol. Today 1988, 4, 144–146. [CrossRef]

http://dx.doi.org/10.4269/ajtmh.2009.80.33
http://www.ncbi.nlm.nih.gov/pubmed/19141836
http://dx.doi.org/10.1128/CMR.00003-09
http://www.ncbi.nlm.nih.gov/pubmed/19597010
http://www.ncbi.nlm.nih.gov/pubmed/3672184
http://dx.doi.org/10.1016/0014-4894(60)90040-0
http://www.ncbi.nlm.nih.gov/pubmed/1298079
http://dx.doi.org/10.4269/ajtmh.2004.71.623
http://www.ncbi.nlm.nih.gov/pubmed/15569795
http://www.ncbi.nlm.nih.gov/pubmed/11127342
http://dx.doi.org/10.1016/j.parint.2005.09.002
http://www.ncbi.nlm.nih.gov/pubmed/16243581
http://dx.doi.org/10.1016/0169-4758(88)90192-5


Trop. Med. Infect. Dis. 2019, 4, 145 6 of 6

12. Andrews, P.; Thomas, H.; Weber, H. The in vitro uptake of 14c-praziquantel by cestodes, trematodes, and a
nematode. J. Parasitol. 1980, 66, 920–925. [CrossRef] [PubMed]

13. Hale, D.C.; Blumberg, L.; Frean, J. Case report: Gnathostomiasis in two travelers to zambia. Am. J. Trop. Med.
Hyg. 2003, 68, 707–709. [CrossRef] [PubMed]

14. de Sousa Vargas, T.J.; Kahler, S.; Dib, C.; Cavaliere, M.B.; Jeunon-Sousa, M.A. Autochthonous gnathostomiasis,
Brazil. Emerg. Infect. Dis. 2012, 18, 2087. [CrossRef] [PubMed]

15. Hinz, R.; Schwarz, N.G.; Hahn, A.; Frickmann, H.J.M. Serological approaches for the diagnosis of
schistosomiasis–a review. Mol. Cell. Probes 2017, 31, 2–21. [CrossRef] [PubMed]

16. Colley, D.G.; Bustinduy, A.L.; Secor, W.E.; King, C.H. Human schistosomiasis. Lancet 2014, 383, 2253–2264.
[CrossRef]

17. World Health Organization. Schistosomiasis: Status of Schistosomiasis Endemic Countries; World Health
Organization: Geneva, Switzerland, 2017. Available online: https://www.who.int/gho/neglected_diseases/
schistosomiasis/en/ (accessed on 1 June 2019).

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.2307/3280390
http://www.ncbi.nlm.nih.gov/pubmed/7218112
http://dx.doi.org/10.4269/ajtmh.2003.68.707
http://www.ncbi.nlm.nih.gov/pubmed/12887031
http://dx.doi.org/10.3201/eid1812.120367
http://www.ncbi.nlm.nih.gov/pubmed/23171480
http://dx.doi.org/10.1016/j.mcp.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/27986555
http://dx.doi.org/10.1016/S0140-6736(13)61949-2
https://www.who.int/gho/neglected_diseases/schistosomiasis/en/
https://www.who.int/gho/neglected_diseases/schistosomiasis/en/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Case Report 
	Discussion 
	References

