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Diphyllobothrium pacificum Infection is Seldom Associated with Megaloblastic Anemia
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Abstract. Twenty cases of Dyphillobothrium pacificum (fish tapeworm) infections were prospectively studied to
determine whether this tapeworm is associated with megaloblastic anemia, as commonly reported for D. latum infec-
tions. The most frequent symptoms were fatigue and mild abdominal pain, which were identified in approximately 66.6%
of the 18 patients interviewed. Fourteen patients received treatment with niclosamide and all were cured. The other six
patients spontaneously eliminated the tapeworms. One patient, who also had chronic diabetes and gastric atrophy, had
low vitamin B12 levels and megaloblastic anemia. In all other patients, including three other patients with anemia,
baseline vitamin B12 levels were in the reference range and did not significantly change when re-assessed three months
later. UnlikeD. latum, infection withD. pacificum is seldom associated with megaloblastic anemia or vitamin B12 deficit.

INTRODUCTION

Human diphyllobothriasis (fish tapeworm infection) is
mainly caused by two species, Dyphillobothrium latum and
D. pacificum, and rarely by D. nihonkaiense, D. cordatum,
D. ursi, D. dendriticum, D. lanceolatum, D. dalliae, or D.

yonagoensis.1–3 Humans are an accidental definitive host of
these parasites, which usually infect sea lions or fur seals,1

and usually harbor a single tapeworm, which in the case of
D. latum, may reach 12 meters in length.1,4

Diphyllobothrium eggs are ovoid, operculated, and non-
embryonated, and have a maximal diameter of 50–60 mm. A
ciliated embryo is released in an aquatic environment and
infects microcrustaceans, which serve as intermediate inverte-
brate hosts for the parasite. Inside microcrustaceans, the par-
asite develops into an infective procercoid larva. Fish become
infected by ingesting microcrustaceans carrying the procer-
coid larva. Inside the fish, the larva will migrate to the muscles
and develop into a plerocercoid larva that is infective to
humans and other animals, which can serve as definitive hosts.
Infection in humans is usually caused after ingestion of
undercook fish infected with the plerocercoid larva.2

Diagnosis of diphyllobothriasis can be achieved by micro-
scopic identification of operculated eggs in fecal samples.2,5

Spontaneous elimination of proglottids in feces provides his-
tologic differentiation and occasionally might enable species
confirmation when it is possible to identify specific morphologic
features of the genital pore.However,molecular techniques have
been extensively used to differentiate Diphyllobothrium spp.6,7

Symptoms of infection are mild and include abdominal pain,
bloating, diarrhea, anorexia, headaches, constipation, and vomit-
ing.1,2 Treatment with niclosamide or praziquantel is highly
effective.8,9 Vitamin B12 deficiency resulting in megaloblastic
anemia and rarely mechanic intestinal obstruction has been
reported in associationwithD. latum.10–13

Megaloblastic anemia results from altered DNA synthesis
of all blood cells, usually resulting from vitamin B and or folic
acid deficiencies.14 Diphyllobothrium latum competes with
the host for vitamin B12.1,2,10–13 In Nordic countries, meg-

aloblastic anemia secondary to dyphillobothriasis has been
reported.13 In these cases, oral or parenteral vitamin B12
administration after parasite expulsion brings levels back to
reference range.13

Diphyllobothrium pacificum infection (Nybellin 1931,
Margolis 1956)15 is endemic to the Pacific coasts of South
America and southern Asia,1,6 and is the only type of diphyllo-
bothriasis described in Peru to date. It was present before the
European colonization, as demonstrated by the finding of
characteristic eggs in pre-Hispanic mummies.15–17 Its preva-
lence may reach 2% in some coastal communities,15 and it can
also be found in high mountain towns because of the wide-
spread distribution and commercialization of marine fish for
ceviche, which consists of raw fish marinated in lemon juice
and other ingredients.15

Before molecular biology techniques were available, spe-
cies were identified by detecting transversal sulci between the
anterior border of the proglottid and the common genital
pore.14,18 Unlike the Nordic species D. latum, which is a par-
asite of freshwater fish, D. pacificum is a parasite of saltwater
fish, and it is much smaller, usually < 1 meter in length.2

Megaloblastic anemia has not been systematically assessed in
persons infected with D. pacificum. We evaluated a consecu-
tive series of patients infected with D. pacificum to assess
whether this parasite was associated with vitamin B12 defi-
ciency or megaloblastic anemia.

MATERIALS AND METHODS

Study population. The study was performed during March
2009–January 2011 and included patients with a confirmed diag-
nosis of diphyllobothriasis by demonstration of parasite eggs or
parasite material in feces. Most patients were identified during
a region-wide cysticercosis control program in northern coastal
Peru. Patients were asked to provide additional fecal samples
and baseline and day 90 blood samples for hematologic analy-
sis and determination of vitamin B12 levels. Exclusion criteria
included pregnancy or unwillingness to comply with the day
90 follow-up visit. Patients given a diagnosis > 15 days before
initial contact with the study team were requested to provide
new baseline fecal samples and were only included if current
infection was proven. The study and informed consent forms
were reviewed and approved by the institutional review board
of the Universidad Peruana Cayetano Heredia in Lima, Peru.
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Patients with Diphyllobothirum eggs in feces received anti-
parasitic treatment with niclosamide, as per standard of care.2

Post-treatment fecal samples were collected for 48 hours for
detection of parasite material. Cure was confirmed by micro-
scopic analysis of feces at day 30. Patients had additional fecal
examinations performed at days 60 and 90 post-treatment to
rule out treatment failure or early re-infection. Fecal samples
were analyzed macroscopically to detect proglottids, then pre-
served in phosphate-buffered saline containing 5% formalde-
hyde at a final dilution of 1:5. Twenty milliliters of sample was
concentrated by using the spontaneous tube sedimentation
technique5 and read by microscopy at 100 +. Fecal examina-
tions were performed by a microscopist in a local laboratory,
and results were confirmed by a second microscopist in a
reference laboratory.
After a case report questionnaire that included demographic

and epidemiologic information was completed, 5-mL blood
samples were collected by venipuncture at baseline (not more
than 15 days after treatment or spontaneous parasite expul-
sion) and 90 days later for determination of hematocrit and
vitamin B12 levels. Hematocrits were determined by using
heparinized capillary tubes after centrifugation of blood at
10,000 rpm for 5 minutes. The reference values used for this
study were 40–54% in males and 38–48% in females.19

Patients with anemia were given their hematocrit and vitamin
B12 results and referred to the local health center for treat-
ment. Serum was separated and frozen at –20 °C until trans-
port to a private reference laboratory where vitamin B12
levels were measured by using an electrochemoluminescence
immunoassay in a E170 Cobas apparatus (Roche, Mannheim,
Germany). Reference values for this assay ranged from 243
to 894 pg/mL for persons from the United States and from
197 to 866 pg/mL for persons from Europe.20 Because no
specific reference values for the population in Peru were
available, we conservatively used the reference range for
persons from the United States.

RESULTS

The study included 20 patients, mostly from the area of

the cysticercosis elimination study (northern Coastal Peru,
Tumbes [n = 17] and Piura [n = 2]), plus one patient who lived

in Lima. There were 13 women and seven men in the study

(mean age = 25 years, age range = 3–66 years). Patients had

either received niclosamide treatment as part of a mass chemo-

therapy campaign aimed to control Taenia solium cysticercosis

in their region (n = 4) or treatment at their local health centers.

Dyphyllobothrium pacificum specimens or proglottid material

were recovered from 15 patients either by spontaneous eli-

mination or after anti-parasitic treatment. Three specimens

were confirmed by polymerase chain reaction as D. pacificum,

as part of another study that genotyped isolates obtained from

parasite-positive persons.6 Recovered worms were of similar

sizes, approximately 70 cm in length (Figure 1).
At baseline, 18 of the 20 participants answered the study

survey (two refused to provide a blood sample) and two pro-
vided a baseline blood sample but did not answer the survey.
Of the 18 respondents to the questionnaire, all reported fre-
quent consumption of fish, mostly fried (94%, 17 of 18), stewed
(83%, 15 of 18), or as ceviche (72%, 13 of 18). Most frequently
consumed fish species were Trachurus symmetricus murphyi

(jurel) by 67% of the persons, Sarda chiliensis (bonito) by

17%, Coryphaena hippurus (perico) by 17%, Mugil cephalus

(lisa) by 17%, orParalonchurus polyclemus peruanus (coco) by
11%. The most frequently reported symptoms were fatigue
andmild abdominal pain (12 of 18, 66.6%), followed by consti-
pation and diarrhea in 44% (8 of 18), weight loss (3 of 18, 16%),
and loss of appetite (2 of 18, 11%).
Baseline hematologic and vitamin B12 levels. Of 18 base-

line blood samples, 16 had a hematocrit determined. The
mean (SD) hematocrit value was 38.94 (4.12). Five patients
had anemia, which was defined as a hematocrit < 40% for
men and < 38% for women19 (Table 1).

Figure 1. Diphyllobothrium pacificum specimens. 1, Top left: heart-shaped scolex. 2, Top center: proglottid showing the uterus (U), transver-
sal sulci (ST), and uterine pore (UP). 3, Top right: egg (operculum = 60 mm). 4, Bottom: strobila of D. pacificum (approximate length = 70 cm).
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Seventeen persons had baseline vitamin B12 levels deter-
mined. All vitamin B12 levels were in reference range except
for the patient above described, whose baseline level was 199
pg/mL (reference range for her age was 243–894 pg/mL). The
median vitamin B12 level was 437 pg/mL and the interquartile
range was 332–572.5 pg/mL (Figure 2).
The patient with a low hematocrit (33%, reference range =

36–46) and a low vitamin B12 level (198.7 pg/mL, reference

range = 243–894 pg/mL) was a 66-year-old women with a
10-year history of diabetes mellitus, which caused a neurogenic
bladder, repeated Escherichia coli urinary tract infections in
the past five years, and endoscopy-diagnosed gastric atrophy.
Examination of a peripheral blood smear from the anemic

patient showed 2–3% macroovalocytes without neutrophil
hypersegmentation. A diagnosis of megaloblastic anemia was
made and the patient received vitamin B12 for seven days,

Table 1

Vitamin B12 levels and hematocrits in patients in Peru infected with Diphyllobothrium pacificum*

Patient Sex Age, years

Serum vitamin B12 level, pg/mL Hematocrit

Diagnostic finding Symptoms† Dietary habits‡Baseline Day 90 Baseline Day 90

1 M 14 377 – 38 – Eggs 1 a, b, c
2 F 41 283.1 480,1 37 – Eggs 1, 2, 3 a, b, c
3 F 10 647.9 626,6 40 40 Eggs 1, 2, 3 a, b, c
4 F 48 387.1 352,4 44 42 Eggs 1 a, b, c
5 M 3 585.6 670,7 38 39 Eggs 1, 2, 4, 5 a, b, c
6 F 66 198.7 143,3 33 36 Eggs 1, 2, 3 a, b, c
7 M 21 317.1 348,6 37 45 Proglottids 1, 5 a, b, c
8 M 41 486.8 – 41 – Proglottids 2, 4 a, b, c
9 M 28 293.8 – 48 – Proglottids 2, 5 a, b, c

10 M 23 377.2 360,3 45 41 Proglottids 1, 2, 4, 6 a, b, c
11 F 8 1,120 – 35 – Proglottids 6 a, c
12 F 17 399.6 – – – Proglottids None None
13 F 24 740.7 – 40 – Proglottids 2, 3 a, b
14 F 56 517 649,5 33 39 Proglottids 2, 4 a, b, c
15 F 50 532.2 620,5 39 39 Proglottids 1, 2, 3, 4 a, b, c
16 F 23 308.7 – – – Eggs None None
17 F 14 929 1120 39 39 Proglottids 3, 4 None
18 F 33 – – – – Proglottids 1, 2, 3 a, b, c
19 F 27 –– –– 36 –– Proglottids 1, 2, 4 a, b, c
20 M 26 – – – – Eggs 1, 3, 4 a

*Patients with anemia are shown in bold.
†1 = abdominal pain; 2 = fatigue; 3 = constipation; 4 = diarrhea; 5 = weight loss; 6 = loss of appetite.
‡Reported consumption of fish: a = fried; b = stewed; c = ceviche.

Figure 2. Serum vitamin B12 levels at baseline and 90 days after treatment in 17 patients in Peru infected withDiphyllobothrium pacificum.
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plus oral hypoglycemic drugs (glibenclamide) for treatment
of diabetes.
Day 90 hematologic and vitamin B12 levels. Ten partici-

pants complied with the 90-day follow-up and provided a fol-
low-up blood sample. The hematocrit was the reference value
for all persons, including the patient with anemia at baseline,
who now had a borderline value of 36%.All vitamin B12 levels
were in the reference range (median = 550.5 pg/mL, inter-
quartile range = 351–638 pg/mL) except for the patient who
had low vitamin B12 levels at baseline and now had a level of
143 pg/mL 90 days after successful treatment for dyphillobo-
thriasis. A follow-up smear at this time showed erythrocytes
with normal size and slight hypochromia.
Paired comparison between baseline and 90-day vitamin B12

levels in these 10 patients demonstrated an increase of border-
line statistical significance (477.49 pg/mL versus 537.20 pg/mL:
P = 0.075, by paired Student’s t-test).

DISCUSSION

Diphyllobothriasis is endemic to different regions in
Europe, Asia, and South America. This parasitosis is caused
by consumption of poorly cooked fish. The common causative
agent (D. latum) is a large tapeworm that can reach a length
of 20 meters. One of its more conspicuous clinical manifesta-
tions in humans is megaloblastic anemia, which is caused by
the parasite intake of vitamin B12 or folic acid within the
host.1–4 Clinically evident megaloblastic anemia is found in
2–3% of persons harboring a D. latum tapeworm, and > 50%
of D. latum carriers have low levels of serum vitamin B12
levels (< 100 pg/mL compared with 350–450 pg/mL in non-
infected persons).13 In Pacific coast regions of South America,
diphyllobothriasis is usually caused by D. pacificum, which is
a shorter tapeworm (approximately 1 meter in length), but
can have a length of £ 4 meters on rare occasions.
We evaluated a series of consecutive patients with D.

pacificum infections to assess whether they had vitamin B12
deficiency or megaloblastic anemia. Our study demonstrated
that vitamin B12 deficiency and megalobastic anemia are not
common in persons infected with D. pacificum. However, we
identified a patient with a moderately low hematocrit (33%)
associated with a low vitamin B12 level (199 pg/mL [reference
value = 243 pg/mL], which decreased to 143 pg/mL at day 90 of
follow-up). All other infected persons had levels > 290 pg/mL
(median = 437 pg/mL). In the patient with anemia and low
vitamin B12 levels, erythrocytes showed changes suggestive
of megaloblastosis. At 90 days, despite an increase in hemato-
crit, disappearance of erythrocytic megaloblastic changes, and
appearance of signs of iron deficiency, vitamin B12 levels for
this patient decreased from 199 pg/mL to 143 pg/mL. This
patient likely had combined vitamin B12 and iron deficiency,
and the presence of D. pacificum was unrelated to her macro-
cytic anemia. The provision of exogenous B12may have driven
her into an iron deficiency state, resulting in hypochromasia.
Only a few case series of manifestations of D. pacificum

infection have been reported. In 21 children infected with
D. pacificum, only two cases of anemia were associated with
chronic renal insufficiency and iron deficiency anemia. Unfor-
tunately, there were no data were reported on vitamin B12
levels in these patients.21

Reduced absorption of vitamin B12 is the major pathophys-
iologic mechanism in megaloblastic anemia and may be

caused by several mechanisms. Under usual circumstances, a
protein known as intrinsic factor is secreted by the stomach.
This factor is essential for absorption of vitamin B12 and
combines with it to form a stable complex. Vitamin B12 defi-
ciency anemia (classically known as pernicious anemia) usu-
ally refers to decreased vitamin B12 levels secondary to a loss
of intrinsic factor secretion. Vitamin B12 deficiency anemia,
once known as tapeworm anemia or bothriocephalus anemia
because it is exacerbated by the worm uptake of vitamin B12,
was common in Finland22 but is now rarely seen because of
improved diet, prenatal care, and treatment.
As an alternative mechanism, competition for available

vitamin B12 and intrinsic factor cleavage may occur in the
blind loop syndrome (in which bacterial overgrowth con-
sumes existing vitamin B12) or during tapeworm infestations,
particularly diphyllobothriasis. In the case of tapeworm infec-
tions, most carriers have normal secretion of intrinsic factor.
Worm extracts can degrade vitamin B12–intrinsic factor com-
plexes.23 Other factors contributing to the development of
megaloblastic anemia may include genetic components of the
host, poor nutrition, gastrointestinal disorders (achlorhydria,
gastritis), and biological aspects of the parasite.24 Attachment
of Diphyllobothrium spp. to the intestinal wall usually occurs
in the ileum, less commonly in the jejunum or other regions.
It has been suggested that worm activity in competing for
vitamin B12 would be more efficient when attached at the
jejunal level or in large tapeworms.24

We saw no reason to apply molecular biology techniques to
identify the worms to the species level in more than three
patients because worms detected had the typical morphologic
characteristics of D. pacificum, e.g., transversal sulci and heart-
shaped scolex.More importantly,D. latumhas not been reported
in Peru. In two published studies using polymerase chain reac-
tion, all specimens (n = 8) collected in PeruwereD. pacificum.6,7

Spontaneous elimination of Diphyllobothrium tapeworms
occurred in seven (35%) of our patients, which is consistent
with the rate of 25% reported in the literature. In all patients,
treatment or spontaneous worm expulsion were followed by
negative fecal examination results at 30 days. Diphyllo-
bothrium pacificum is phylogenetically distant from other spe-
cies in the Diphyllobothrium genus,6 and may have first
evolved as a parasite of large sea mammals before than human
populations colonized the coasts of the southern Pacific region.
We found that 1 of 20 patients infected with D. pacificum

had mild megaloblastic anemia, which demonstrates that it
can occur, albeit at a low frequency. Thus, infection with
D. pacificum infection is a benign entity, resolves by spontane-
ous expulsion of worms, and is not commonly associated with
vitamin B12 deficiency or megaloblastic anemia. Conversely,
D. latum is frequently associated with low vitamin B12 levels.13

The difference in worm size (and thus increased competition
with the host for nutrients, including vitamin B2 and folic acid)
and other factors such as dietary profile might contribute to
the absence of megaloblastic anemia in our study.
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