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INTRODUCTION

On the South Pacific coast, diphyllobothriosis is caused by 
Adenocephalus pacificus (syn. Diphyllobothrium pacificum) being 
the first human case identified for Peru in 1967 [1]; and about 
1,000 cases have been reported since 1950 by this etiological 
agent. Human infection is probably due to the frequent habit of 
eating raw or undercooked fish such as “cebiche” and “tiradito”, 
typicals Peruvian dishes whose main ingredient is fish marinat-
ed in lemon juice with chili peppers prepared from different 
species of fish, where the plerocercoids larvae is located [2,3].

The adult cestode has as permanent hosts otarids, piscivo-
rous mammals as well as accidentally in man and dog [4,5]. A 
potential first intermediate host would be the copepods where 
the procercoids would be present and the second intermediate 
host are different marine fish species like Sarda chiliensis chil-

iensis, Sciaena deliciosa, Trachurus picturatus murphyi, Scomber ja-
ponicus, or Paralabrax humeralis [2,6-8]. This study is describing 
3 new cases of diphyllobothriosis in Peru based on morpho-
logical as well as molecular data confirmed by mitochondrial 

cytochrome c oxidase subunit 1.

CASE RECORD

The case 1 is an 8-year-old boy, who expelled the live tape-
worm from the feces without previous treatment, the mother 
transferred immediately it to the government health center in 
the San Juan of Lurigancho district, Lima province, in 2016. 
She mentioned that his son had not symptom and he con-
stantly consumed “cebiche”, for the reason that she works in a 
restaurant based in dishes of fish products. An alive incom-
plete mild yellowish 46 cm long by 7 mm wide headless piece 
of strobila was obtained. The worm was washed in saline solu-
tion and fixed in hot water (Fig. 1A). Subsequently, the patient 
received praziquantel (10 mg/kg) treatment and was moni-
tored for 1 month with no evidence of infection.

The case 2 was a 37-year-old man in 2005, he regularly con-
sumed “cebiche”. The patient without symptoms expelled after 
praziquantel (20 mg/kg) treatment some mild yellowish frag-
ments of headless strobila measuring 12 cm long by 10 mm 
wide in his feces.

In 2002, the case 3 was observed in a 25-year-old asymp-
tomatic woman, who liked eating insufficiently cooked ma-
rine fish. She expelled in her house some proglottids. The stro-
bila measured of 8 cm long by 5.4 mm wide tapeworm with a 
spatula-shaped scolex measuring 3.38 mm long by 2.97 mm 
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wide (Fig. 1B). It is unknown if the patient were treated.
The samples were transferred and analyzed in the Wildlife 

and Zoonoses Parasitology Laboratory of the National Univer-
sity of San Marcos.

In this study, the 3 isolated adult cestodes were identified as 
A. pacificus based on presence of transverse papilla-like tegu-
mental protuberances on ventral surface of proglottids that 
were observed on proglottids of all 3 cases (Fig. 1C-E).

Tapeworms were washed in saline solution, fixed in hot wa-
ter and stored in 70% alcohol, kept refrigerated at 4˚C for fur-
ther study. The gravid and mature proglottids were stained 
with Semichon’s acetic carmine and mounted in Canada bal-
sam according to the laboratory protocol. Sagittal sections of 
the strobila were stained with Semichon’s acetic carmine and 
mounted in Canada balsam, using standard histological meth-
odology [9] (Fig. 1F). The scolex, proglottids and eggs were ex-
amined with a Leica DM750 compound microscope with 
phase contrast. The pictures were taken in a Leica EZ 4HD ste-
reomicroscope. 

The specific identification of the tapeworm was made by 
molecular analysis using PCR. Proglottids were washed 3 
times with phosphate buffered saline (PBS), then the genomic 
DNA was extracted with the ADN DNeasy tissue Kit (Qiagen, 
Chatsworth, California, USA), following the manufacturer's 

protocol. Purity and concentration of the DNA was checked 
by Nanodrop 2000C spectrophotometer (Thermo Scientific, 
Waltham, Massachusetts, USA). The primers used were con-
structed as follows: DipPaCO1r (reverse, 5́ -ATGATAAGGGAY-
AGGRGCYCA-3́ ) common for all diphyllobothriids and Dip-
PaCO1f (forward, 5́ -ACATGTGTGTAGTAACCTTGGC-3́ ) spe-
cific to A. pacificus, both designed by [10]. The locus was am-

plified by PCR in a Veriti™ 96-well thermocycler (Applied Bio-
systems, Foster City, California, USA) with a final volume of 
50 μL, including 5 μL of genomic DNA. The reaction mixture 
contained 2.5 U/μl Taq polymerase (HotStarTaq DNA Poly-
merase Qiagen Kit, Hilden, Germany), and 0.5 μM of each 
primer (Macrogen, Korea). The amplification condition was 
optimized as follows: 1 cycle at 95˚C for 5 min; 40 cycles of 
94˚C for 30 sec, 50˚C for 90 sec, and 72˚C for 2 min 30 sec; 
and a final cycle of 72˚C for 10 min; storage at 4˚C. The ampli-
fied fragments were visualised on 1% agarose gel. The nucleo-
tide sequences obtained by PCR were subjected to known se-
quences by BLAST search (http:// blast.ncbi.nlm.nih.gov/Blast.
cgi). The lengths of the partial cox1 sequences for cases 1, 2 
and 3 were 657 bp (GenBank no MN127948), 659 bp (Gen-
Bank no MN127949) and 643 bp (GenBank no MN127950), 
respectively. Phylogenetic relationships were evaluated with 
maximum likelihood (ML) in the MEGA version X program 
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Fig. 1. Morphological features of Adenocephalus pacificus. (A) A strobila expelled alive from a child in case 1. (B) Scolex in spatulate 
shape stained with Semichon’s acetocarmine in case 3. (C, D, E) Gravid proglottids stained with Semichon’s acetic carmine in cases 1,  
2 and 3, respectively. (F) Sagittal section of a gravid proglottid. (G) An egg  in stool sample.
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[11] using the Kimura’s 2-parameter substitution model and 
the nodal support values were calculated by running 1,000 
bootstrap replicates [12]. Bayesian inference criteria were ana-
lyzed in the Bayesian Evolutionary Analysis program by Sam-
pling Trees (BEAST) version 1.7 [13]. The BIC model selected 
was GTR+G running a chain of 20 million generations and 
sampling tree topologies every 10,000 generations. The burn-
ing fraction was set at 10%.

Molecular and phylogenetic diagnostics confirmed that all 
studied cases belonged to the species Adenocephalus pacificus 
(Fig. 2).

DISCUSSION

Adenocephalus pacificus, a zoonotic parasite that cause diphyl-
lobothriosis, is directly related to the habit of consuming raw 
or undercooked marine fish in the form of “cebiche”, “tiradito” 
or “chinguirito” by the habitants of the Pacific coast [14]. In 

this study we reported 3 new cases of infection by the same 
habit of consume raw fish. Health workers generally identify 
diphyllobothriid species based on morphological characteris-
tics and the geographic area where their patients live. However, 
molecular analysis is an indispensable for accurately identify-
ing the correct species, further, allow the acquisition of reliable 
epidemiological.

On the coast of Peru, the first confirmed case of human in-
fection with A. pacificus was identified in 1967 and until now 
around of 1,000 cases have been reported [1,2]; therefore, only 
17 human cases of A. pacificus were identified by molecular 
analysis between 1994 to 2008 [10]. Since 2015, no more cases 
have been recorded. Neighboring countries such as Chile and 
Ecuador have reported few cases of infection by A. pacificus 
compared to Peru [2].

Recently, unusual cases of human tapeworm infection have 
been reported in Europe, being identified by molecular analy-
sis as A. pacificus, the presence is due to the commercial impor-

Fig. 2. A phylogenetic tree of Adenocephalus pacificus partial cox1 sequences. The relationship was drawn using maximum likelihood 
(ML) and Bayesian inference (BI) methods. Taenia solium was used as an outgroup. Nodal support is shown as bootstrap value (first) 
and posterior probability value (second) on the basis of 20 million generations for BI and 1000 replicates for ML, respectively. GenBank 
accession numbers are shown in parentheses. Scale bar indicate nucleotide substitutions per site.
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tation of marine fish from South America, this is critical in the 
spread of the parasite and more attention should be paid to 
this emerging fish-borne zoonosis [15,16]. Currently, plerocer-
coids have been reported in other marine fish species such as 
Engraulis ringens, Mugil cephalus and Isacia conceptionis, poten-
tial intermediate hosts in the Pacific Ocean [17], for this, it’s 
necessary identify potential be sources of human infection. 

The eggs obtained from studied cases measured 52–55×38–
41 μm (case 1), 53–55×39–42 μm (case 2) and 52–54×38–
40 μm (case 3) (Fig. 1G), this ranges are similar to egg size of 
A. pacificus, 43–51×35–42 μm (Human, Peru), 46–54×36–42 
μm (Arctocephalus pusillus, Australia) and from other registered 
definitive hosts [18].

Adenocephalus pacificus should be considered important in ep-
idemiology and public health contexts, as they point to a re-
emerging of human diphyllobothriosis in South America, espe-
cially in Peru where the majority clinical cases are reported (>99%) 
the predominant habit of eating raw or undercooked fish [2].

In conclusion, studies should be carried out on marine fish 
commercialized locally and exported from our country, to pre-
vent and control this zoonotic disease. Furthermore, it is nec-
essary to perform molecular diagnosis as a mandatory practice 
in health centers for the reliable identification of clinical sam-
ples and to obtain important epidemiological records.
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