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a  b  s  t  r  a  c  t

A  coprological  survey  including  476  2–18  year old  school  children  from  six rural  localities  between  2627
and  3061  m  altitude  was performed  in  Cajamarca  province,  Peru.  Prevalences  of fascioliasis  ranging  from
6.7 to 47.7%  (mean  24.4%)  proved  to be  the  highest  so far recorded  in that  human  hyperendemic  area.
Higher  prevalences  in females  and  in  the  2–5  year  old  group  were  not  significant.  Intensities  ranged
from  24 to  864  eggs  per  gram  (arithmetic  mean:  113;  geometric  mean:  68),  the  majority  shedding  less
than  100,  and without  significant  differences  according  to gender  or age  group.  Fasciola  hepatica  was
the  most  common  helminth  within  a spectrum  of 11–12  protozoan  and  9–11  helminth  species,  97.3%
of  the children  showing  infection  with  at least  one  parasite.  The  highest  levels  corresponded  to  coin-
pidemiology
oinfections
ltitude
eru

fection  with  seven  different  species  in  females  and  subjects  older  than  5  years.  Fascioliasis  prevalence
correlation  with  altitude  appeared  significant.  An  epidemiological  characterisation  of  the  valley  transmis-
sion pattern  of  fascioliasis  in  Cajamarca  is  made  by comparison  with  other  better  known  hyperendemic
areas.  Results  suggest  that  human  fascioliasis  may  be  widespread  throughout  different  parts  of  Caja-
marca  province,  even  far away  from  the  city,  and  that  long-term  fascioliasis  chronicity  and  superimposed

 be pr
repetitive  infections  may

. Introduction

Fascioliasis was only considered a secondary disease in humans
ue to the relatively small number of only around 2500 reported
ases before the 90s (Chen and Mott, 1990), despite its high
athogenicity well known in livestock since very long ago
Torgerson and Claxton, 1999). The human fascioliasis scenario
egan to change from that decade, due to the description of large
ndemic areas including even human hyperendemic situations in
ifferent continents. The recent fascioliasis emergence has been
elated to climate change, at least in part and in given coun-

ries (Mas-Coma et al., 2008, 2009b), given the dependence of
ascioliasis transmission on climate and environmental character-
stics (Ollerenshaw and Smith, 1969; Fuentes et al., 1999, 2001).

Abbreviations: epg, eggs per gram of faeces; AM,  arithmetic mean; GM, geomet-
ic mean.
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itología, Facultad de Farmacia y Bioanálisis, Universidad de Los Andes, Urb. Campo
e  Oro, 5101, Mérida, Estado Mérida, Venezuela.
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obably  frequent.
© 2011 Elsevier B.V. All rights reserved.

Additionally, pathogenicity and immunity studies have shown this
disease to be pronouncedly more complicated and with a greater
impact in long-term infection than what was believed until the 90s
(Valero et al., 2003, 2006, 2008; Girones et al., 2007). Emergence,
long-term pathogenicity and immunological interactions are in the
background of the decision taken by WHO  to include this disease
within the so-called neglected tropical diseases (NTDs). Their con-
trol and elimination is now recognized as a priority for achieving
United Nations Millennium Development Goals and targets for sus-
tainable poverty reduction (Hotez et al., 2007, 2008).

In the Americas, animal fascioliasis is caused by only Fasciola
hepatica (Mas-Coma et al., 2009a)  mainly transmitted by lymnaeid
snail vectors of the Galba/Fossaria group (Bargues et al., 2007). Areas
of high human impact seem to focus on Andean countries, above all
in high altitude areas where fascioliasis transmission is increased
as a consequence of the adaptation of both liver fluke and lym-
naeid vectors to the extreme environmental conditions (Mas-Coma
et al., 2001). Among Andean countries, Peru appears as the coun-
try presenting a larger human fascioliasis health problem. Human

infection has been diagnosed in inhabitants from almost all Andean
areas, including from the Altiplano (Esteban et al., 2002) up to inter-
Andean valleys (e.g., Storck et al., 1973; Ortiz et al., 2000), and even
urban areas surrounding the capital of Lima (Blancas et al., 2004)

dx.doi.org/10.1016/j.actatropica.2011.07.002
http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
mailto:S.Mas.Coma@uv.es
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nd low altitude areas closer to the Pacific coast (Picoaga et al.,
980). Many of these areas have proved to be human endemic. A
ural population of almost 8 million people is estimated at risk in
his country (WHO, 1995).

Within the human fascioliasis high altitude transmission pat-
ern related to F. hepatica transmitted by lymnaeid vectors of
he Galba/Fossaria group, two different subpatterns have been
istinguished in Peru according to physiographic and seasonal
haracteristics (Mas-Coma, 2005; Mas-Coma et al., 2009a): (a) the
ltiplanic pattern, with endemicity distributed throughout an area
f homogeneous altitude and transmission throughout the whole
ear due to high evapotranspiration rates leading lymnaeid vectors
o concentrate in permanent water bodies (Mas-Coma et al., 1999);
xamples are the Northern Bolivian Altiplano and the Peruvian Alti-
lano of Puno; (b) the valley pattern, with endemicity distributed
hroughout an area of heterogeneous altitude and seasonal trans-

ission related to climate (Claxton et al., 1997, 1999); Peruvian
xamples are the valleys of Cajamarca and Mantaro.

In recent years, WHO  has launched a worldwide initiative
gainst human fascioliasis (WHO, 2007, 2008), including action
n different epidemiological situations and transmission patterns
Mas-Coma, 2005). The Cajamarca province was selected as repre-
entative of the valley pattern of human hyperendemic. The aim
f the present study is to analyse the results obtained from the
uman surveys performed in different rural areas of Cajamarca
rovince, to establish a baseline on which to carry out the pilot
ctivities. The article focuses on the main epidemiological char-
cteristics of prevalences, intensities and geographic distribution
f human infection, as well as of coinfections of fascioliasis with
ther protozoan and helminth infections, in the way to character-
ze human fascioliasis by comparison with human hyperendemic
reas in other Andean regions which have been more widely and
eeply studied.

. Materials and methods

.1. Study area and population

Coprological studies were made in the Departmento de Caja-
arca, which covers an area of around 35,400 km2 in the northern
ndean part of Peru and is inhabited by 1,416,000 people. This
epartment comprises 13 provinces and the province of Caja-
arca in its turn includes 12 districts. Surveys were performed

n the schools of six communities (population data from 2005
ensus): La Colpa (07◦13′24.9′′S; 78◦26′44.0′′W)  and Yanamango
07◦13′35.7′′S; 78◦25′47.2′′W)  (Jesus district, with a total of 14,075
nhabitants and a density of 52.6/km2); Llimbe (07◦12′33.9′′S;
8◦24′03.5′′W)  and Shaullo Grande (07◦10′31.2′′S; 78◦25′04.3′′W)
Llacanora district, with 4651 inhabitants and a density of
4.1/km2); Huayrapongo Grande (07◦10′58.7′′S; 78◦26′55.6′′W)
Baños del Inca district, with 31,764 inhabitants and a den-
ity of 114.9/km2); and Santa Rosa de Chaquil (07◦07′48.2′′S;
8◦21′06.8′′W)  (Encañada district, with 22,397 inhabitants and a
ensity of 35.3/km2) (Figs. 1 and 2).

The Departmento de Cajamarca includes many inter-Andean
alleys irrigated by more or less wide and fast-flowing rivers. The
ean yearly temperature is 15.3 ◦C, with pronounced daily varia-

ion (July: −5.0 to 23.8 ◦C; January: 0.2–24.2 ◦C) and wide monthly
ifferences (extreme mean temperatures of 3 ◦C in July and 22 ◦C in
ovember). The relative humidity is 64%, and the total yearly pre-

ipitation is 769 mm,  with a monthly minimum of 6 mm in July and

 maximum of 107 mm in October. The rainy season includes from
ctober to April (mainly December to March), and the dry season

rom May  to October. Mean annual evapotranspiration is 99 mm,
ica 120 (2011) 119– 129

with monthly variation between 84 mm in April–May and 109 mm
in December.

Main economic activities are agriculture and mining, the lat-
ter above all in the western mountainous area. Around 75.3%
of the population is rural, with agriculture focusing mainly on
potato, barley, wheat, and corn. Dwellings are constructed with
traditional materials and there is insufficient sanitary availability.
About 33% of people does not have access to a treated water sys-
tem and hence water is directly obtained from rivers and other
natural water collections. A 76% of the population lacks access
to a sewer system and rubbish removal service, and 80% lacks
electricity (Instituto Nacional de Estadística e Informática, Peru:
http://www.inei.gob.pe).

2.2. Stool collection and laboratory methods

The coprological survey involved 476 subjects (246 males and
230 females) of 2–18 years of age (mean ± S.D. = 9.1 ± 2.6). The sur-
veys were made on randomly selected subjects on a given day
among all participating students. The beginning of September was
the period selected for the surveys, given the information on dis-
ease seasonality which indicates that livestock shows highest faecal
egg shedding in August–September (Claxton et al., 1997, 1998). A
clean, plastic, wide-mouth, numbered container with a snap-on lid
was given to every participant. All subjects were then asked to try
to fill the container with their own  faeces and to return it immedi-
ately. One stool sample per subject was  collected and personal data
(name, sex, and age) were noted on delivery of the container. Fae-
cal specimens were transported to a laboratory of the Universidad
Nacional de Cajamarca within 1–3 h of collection. In this laboratory,
a Kato-Katz slide was  made from each stool sample following WHO
recommendations, using a template delivering about 41.7 mg of
faeces (Ash et al., 1994). These slides were initially examined within
1 h of preparation to avoid overclarification of some helminth eggs.
If sufficient material of each stool sample was present, one aliquot
was preserved in 10% formalin solution (1:3).

Coproparasitological studies were carried out at the Departa-
mento de Parasitología (Valencia, Spain). Samples fixed in 10%
formalin were processed by a formol-ether concentration tech-
nique (Knight et al., 1976) and one aliquot of sediment obtained
with this technique was stained using a modified Ziehl–Neelsen
technique (Henriksen and Pohlenz, 1981). Two  slides per specimen
were fully examined by one of the authors (LCG) and finally by
the second author (JGE). Microscopic slides and materials from the
human parasite collection of the Parasitology Department of the
University of Valencia were used for quality control when needed.
Recent corrections introduced into liver fluke egg characteristics for
the coprological diagnosis in both human and animals were taken
into account (Valero et al., 2009).

The sediments of the concentration technique and the Kato-Katz
slides were used for prevalence data. According to the techniques
used, prevalence results of the pinworm, Enterobius vermicularis,
may not be considered definitive because anal swabs would be the
adequate technique for the detection of the eggs of this nematode
species. The Kato-Katz slides were analysed for egg counts. Inten-
sity of infection, measured as eggs per gram (epg) as an indicator
of F. hepatica burden in infected subjects, was  described by range,
arithmetic mean (AM), geometric mean (GM) and intensity classes.

2.3. Statistical analysis

Statistical analyses were done using SPSS 15 software package

(SPSS Institute, Chicago, IL) for Windows. For the evaluation of cat-
egorical variables, the chi-square test or Fisher’s exact test was
used. The Mann–Whitney U test and Kruskal–Wallis (H) test were
used for non-normally distributed data. Associations between liver

http://www.inei.gob.pe/
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ig. 1. Maps showing location of the Department of Cajamarca within Peru (A), the
el  Inca and Encañada within Cajamarca province (C), and the schools surveyed and
uke infection and other parasite species were investigated by 2 × 2
ontingency tables, from which the chi-square statistical was  calcu-
ated. By processing with PASW statistics 17, bivariant correlations
Pearson’s correlation) were calculated to assess the relationship
nce of Cajamarca within the department (B), the districts of Jesus, Llacanora, Baños
ective accession roads from Cajamarca and Baños del Inca cities (D).
(i) between locality altitude and prevalence of F. hepatica or any
other parasite species found, as well as (ii) between prevalence of
F. hepatica and prevalence of any other parasite species. A P value
less than 0.05 was  considered significant.
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Fig. 2. Views of schools surveyed showing environmental characteristics: (

.4. Institutional ethical review procedure

Surveys and diagnostic analyses were carried out after informed
onsent was obtained from the local authorities of the communi-
ies, as well as from child parents and directors and teachers of
ach school, following the principles expressed in the Declaration
f Helsinki. Each community surveyed was informed in previous
eetings about the public health relevance and impact of the

ntestinal and hepatic parasitic infections, and on the need for the
evelopment of control programmes at national, regional, district
nd village levels. The initiative was performed with the Dirección
egional de Salud de Cajamarca, and approved by the Dirección
eneral de Zoonosis of the Ministerio de Salud (MINSA) of Lima and
y the Centro de Investigación y Control de Enfermedades Trans-
isibles of the Universidad Nacional de Cajamarca, Cajamarca.

. Results

The overall prevalences of fascioliasis by communities, and
ccording to sex and age groups are shown in Table 1. The highest
revalences of F. hepatica were recorded in Santa Rosa de Chaquil
47.7%) and Huayrapongo Grande (25.0%), both significantly dif-
erent from those found in the other communities (X2 = 61.2,

 = 0.0001).
Prevalence difference between males and females was  not sig-

ificant, although females (26.5%) showed a higher prevalence than
ales (22.4%). Age groups were established according to the follow-

ng criterion: infants (1–5 years old); school children (6–11 years
ld); and adolescents (12–18 years old). The highest prevalences
ere detected in the infant group (32.0%), but no statistically sig-
ificant differences between the prevalence rates by age groups
ere detected. All the ages appeared to be susceptible to infection.

The overall intensities of fascioliasis by communities, and

ccording to sex and age groups, are shown in Table 2. Absolute egg
ounts in the infected subjects ranged from 24 to 864 epg, with AM
nd GM of 113 and 68 epg, respectively. No statistical differences
ere found in intensities between communities, nor according to
Colpa; (B) Yanamango; (C) Shaullo Grande; and (D) Santa Rosa de Chaquil.

sex and age groups within communities, although the highest over-
all egg counts were detected in the community of La Colpa, in males
and in the adolescent group, although the range was  of higher level
in the 6–11 year old group.

Results on fascioliasis intensity levels in the total of the commu-
nities surveyed according to sex and age groups (Fig. 3) revealed no
statistical differences, although females and mainly the school chil-
dren group included a greater number of subjects shedding more
epg than subject number in males and other age groups, respec-
tively. The highest percentage (68.9%) of students infected was
shedding not more than 100 epg. Students excreting more than
400 epg were only detected in La Colpa (11.1%), Santa Rosa de
Chaquil (4.8%) and Shaullo Grande (4.2%).

F. hepatica, with an overall mean prevalence of 24.4%, proved
to be the most common helminth within the total spectrum of
parasites found. This coprological study revealed 11–12 proto-
zoan and 9–11 helminth species. Parasite prevalences obtained
in each community surveyed and in the total study are shown
in Table 3. Blastocystis hominis (76.1%) and Entamoeba coli (74.6%)
were the most prevalent within protozoans, and among helminths
Hymenolepis nana and Ascaris lumbricoides followed F. hepatica,
although with pronouncedly lower prevalences (15.1% and 14.7%,
respectively). It is worth mentioning that the 97.3% of the students
analysed showed infection with at least one parasite species.

Numerous multiparasitism cases associated with Fasciola infec-
tion were detected. The highest levels corresponded to coinfection
with seven different species and were detected in females and in
subjects older than 5 years. The extreme was the finding of up
to 10–11 species in a 7 year old girl from Santa Rosa de Chaquil,
namely E. coli, Entamoeba histolytica/Entamoeba dispar/Entamoeba
moshkowskii, Entamoeba hartmanni,  Endolimax nana, Chilomastix
mesnili, B. hominis, F. hepatica, Trichuris trichiura, A. lumbricoides
and E. vermicularis. A detailed analysis of Fasciola coinfection with

other parasites showed only a significant positive association with
E. hartmanni (X2 = 5.4, P = 0.002).

The bivariant correlation analysis showed that the relation-
ship between fascioliasis prevalence and altitude was significant
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Table 1
Prevalence of fascioliasis in the communities studied by sex and age-group.

Communities surveyed Total prevalence Sex Age-group (years)a

No. inf./no. tes.b % (CI)c Male Female 2–5 6–11 12–18
No.  inf./no. tes. (%)d No. inf./no. tes. (%) No. inf./no. tes. (%) No. inf./no. tes. (%) No. inf./no. tes. (%)

La Colpa 18/101 17.8 (10.3–25.3) 11/41 (26.8) 7/60 (13.3) 1/7 (14.3) 12/76 (15.8) 5/18 (27.8)
Yanamango 6/90 6.7 (1.5–11.9) 3/51 (5.9) 3/39 (7.7) 0/0 (0.0) 4/76 (5.3) 2/14 (14.3)
Llimbe 4/30 13.3 (1.1–25.5) 2/15 (13.3) 2/15 (13.3) 0/0 (0.0) 3/24 (12.5) 1/6 (16.7)
Shaullo  Grande 24/117 20.5 (1.3–39.7) 11/68 (16.2) 13/49 (26.5) 0/3 (0.0) 20/92 (21.7) 4/22 (18.2)
Huayrapongo Grande 2/8 25.0 (0.0–55.0) 1/4 (25.0) 1/4 (25.0) 0/0 (0.0) 2/6 (33.3) 0/2 (0.0)
Santa  Rosa de Chaquil 62/130 47.7 (39.1–56.3) 27/67 (40.3) 35/63 (55.6) 7/15 (46.7) 40/86 (46.5) 15/29 (51.7)

Total 116/476 24.4 (20.5–28.3) 55/246 (22.4) 61/230 (26.5) 8/25 (32.0) 81/360 (22.5%) 27/91 (29.7%)

a According to infants (2–5), school children (6–11) and adolescents (12–18) criteria.
b Number of F. hepatica infected subjects/number tested.
c Percentage (95% confidence interval).
d Number of F. hepatica infected subjects/number tested (percentage with respect to the number tested).

Table 2
Intensity of fascioliasis in the communities studied by sex and age-group.

Communities surveyed Total intensity (epg)b Sex Age-group (years)a

Male Female 2–5 6–11 12–18
Range  (AM/GM) Range (AM/GM) Range (AM/GM) Range (AM/GM) Range (AM/GM) Range (AM/GM)

La Colpa (n = 18)c 24–864 (156/77) 24–864 (177/77) 24–228 (123/79) 24 (–) 24–864 (188/88) 24–216 (106/73)
Yanamango (n = 6)c 24–384 (124/66) 24–384 (208/126) 24–72 (40/35) –(–) 24–216 (84/35) 24–384 (204/96)
Llimbe  (n = 4)c 24–72 (36/32) 24 (24/24) 24–72 (48/42) –(–) 24–72 (40/35) 24 (–)
Shaullo  Grande (n = 24)c 24–456 (138/100) 24–456 (164/117) 24–240 (116/88) –(–) 24–456 (128/92) 72–360 (186/156)
Huayrapongo Grande (n = 2)c 48–96 (72/68) 48 (–) 96 (–) –(–) 48–96 (72/68) –(–)
Santa  Rosa de Chaquil (n = 62)c 24–504 (96/59) 24–408 (91/65) 24–504 (100/55) 24–264 (93/68) 24–504 (92/54) 24–408 (109/70)

Total  (n = 116)c 24–864 (113/68) 24–864 (126/75) 24–504 (102/62) 24–264 (84/60) 24–864 (112/66) 24–408 (124/78)

a According to infants (2–5), school children (6–11) and adolescents (12–18) criteria.
b epg, eggs per gram of faeces; AM,  arithmetic mean; GM,  geometric mean.
c Number of F. hepatica infected subjects.



124 L.C. González et al. / Acta Trop

F
i

(
d
i
t
a
p
i

F
I
a

ig. 3. Fascioliasis intensity levels in children from Cajamarca province: (A) accord-
ng to gender and (B) according to age groups.

R = 0.949, P = 0.014) (Fig. 4), after excluding Huayropongo Grande
ue to the insufficient number of subjects studied in this local-

ty (Table 4). A similar correlation with altitude was  detected in
he prevalence of Iodamoeba buetschlii (R = 0.950; P = 0.013) (Fig. 4),

nd that of B. hominis was almost significant too (P = 0.064). The
revalences of both protozoans showed, moreover, an interest-

ng correlation with F. hepatica prevalence (R = 0.908, P = 0.033 and

ig. 4. Significant bivariant correlation lines of infection by Fasciola hepatica and
odamoeba buetschlii in school children from Cajamarca province with regard to
ltitude of the localities surveyed.
ica 120 (2011) 119– 129

R = 0.884, P = 0.047, respectively). Additionally, the appearance of
B. coli and Taenia sp. only in the highest altitude locality is worth
mentioning (Table 4).

4. Discussion

The fascioliasis problem in Cajamarca appears early up in the
literature (Chavez, 1961; Lumbreras, 1964; Cosme-Contreras et al.,
1971) and attracted many multidisciplinary studies from that
moment. Research initiatives focused on livestock infection and its
epidemiology and control (Claxton et al., 1997, 1998, 1999), fasci-
oliasis in other local domestic animals as guinea-pigs (Gamarra,
1996; Dittmar, 2002), diagnostic methods and drug assays in
humans (Knobloch, 1985; Knobloch et al., 1985; Jave et al., 1999;
Ortiz et al., 2000; Hillyer et al., 2001; Favennec et al., 2003; Espinoza
et al., 2007), clinical aspects (Alban Olaya et al., 2002), and even also
related knowledge and behaviour of the inhabitants (Rivera-Jacinto
et al., 2010). Thus, an appropriate study concentrating on main epi-
demiological aspects of human fascioliasis in the rural areas was
still lacking.

4.1. Prevalences

Prevalences found in the present study indicate that they are
pronouncedly higher, both in average and local maximum, than
what was mentioned before: 3.5% in Cajamarca city (Ortiz et al.,
2000); 6% in Asuncion district (Sanchez, 1992 in Ortiz et al., 2000);
8% in Cajamarca (Knobloch et al., 1985); 13% in Shaullo Grande,
Shaullo Chico and Baños del Inca (Caceda, 1991 in Ortiz et al.,
2000); 15% in San Juan rural community at 2800 m altitude (Ortiz
et al., 2000). In a retrospective analysis of 101 fascioliasis patients
coprologically diagnosed when attending the Regional Hospital of
Cajamarca, the geographical origins of the patients included the
districts of Cajamarca (52.5% of the cases), Namora (8.9%), Jesus
(6.9%) and Baños del Inca (6.9%) (Alban Olaya et al., 2002). This,
together with our finding in Santa Rosa de Chaquil (Encañada dis-
trict), relatively far away from Cajamarca city, suggests that human
infection by F. hepatica is widespread throughout different parts of
the province of Cajamarca, most probably even far away from the
capital given the widespread presence of livestock raising. Unfor-
tunately, studies on livestock infection have also concentrated on
particular farms (Claxton et al., 1997, 1998, 1999), so that infor-
mation on livestock infection in different parts of the province is
lacking, similarly as with human infection. Establishing geograph-
ical extent, prevalences and intensities in domestic animals should
be one of the future priorities, in the way to assess where fasciolia-
sis transmission occurs and consequently where human infection
risk is present.

Both overall prevalence (24.4%) and local maximum (47.7%)
demonstrate that Cajamarca province is a high human hyperen-
demic area, according to the WHO  epidemiological classification
(Mas-Coma et al., 1999, 2009a; Mas-Coma, 2005). These data are
similar to those described in school children in the Peruvian Alti-
plano of Puno by coprology (mean: 24.3%; local maximum: 31.3%)
(Esteban et al., 2002), and in Junin at the Mantaro valley (Storck
et al., 1973: 34.2% by coprology; Marcos et al., 2004: 28.3% by copro-
logy and 36.3% by serology), and also to those found in the Northern
Altiplano of Bolivia, at the other side of the Lake Titicaca, by copro-
logy (mean: 14.8%; local maximum: 72.0%) (Esteban et al., 1997a,b,
1999; Mas-Coma et al., 1999) and also serology (27.0%) (Hillyer
et al., 1992).
The very high level of fascioliasis prevalences in Cajamarca is
highlighted when comparing with human prevalences known in
other regions of the world: 0.64–0.75% (mean 0.70%) in Chile (Apt
et al., 1993), 2.7–7.3% (mean 3.2%) in Portugal (Sampaio Silva et al.
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Table 3
Prevalences of parasite species detected in the communities surveyed in the Cajamarca province.

District Jesús Llacanora Baños del Inca La Encañada Total survey

Community La Colpa Yanamango Llimbe Shaullo Grande Huayrapongo Grande Santa Rosa de Chaquil
Parasite species (nd = 101) (n = 90) (n = 30) (n = 117) (n = 8) (n = 130) (n = 476)

Protozoa 92.1 93.3 93.3 98.3 100.0 99.2 96.0
Entamoeba coli 65.3 71.1 70.0 81.2 75.0 79.2 74.6
Entamoeba histolyticaa 42.6 18.9 40.0 33.3 75.0 60.8 41.2
Entamoeba hartmanni 57.4 24.4 46.7 38.5 87.5 72.3 50.4
Endolimax nana 38.6 45.6 36.7 52.1 12.5 56.9 47.7
Iodamoeba buetschlii 33.7 35.6 40.0 38.5 25.0 53.8 41.0
Chilomastix mesnili 10.9 2.2 10.0 9.4 0.0 10.0 8.4
Giardia intestinalis 27.7 28.9 13.3 29.1 25.0 28.5 27.5
Enteromonas hominis 0.0 1.1 0.0 0.0 0.0 1.5 0.6
Retortamonas intestinalis 1.0 0.0 0.0 0.9 0.0 0.0 0.4
Blastocystis hominis 68.3 66.7 60.0 78.6 87.5 89.2 76.1
Balantidium coli 0.0 0.0 0.0 0.0 0.0 2.3 0.6

Helminths 41.6 46.7 30.0 47.0 100.0 59.2 48.9
Fasciola hepatica 17.8 6.7 13.3 20.5 25.0 47.7 24.4
Hymenolepis nana 7.9 22.2 13.3 22.2 50.0 7.7 15.1
Taenia spp. 0.0 0.0 0.0 0.0 0.0 3.1 0.8
Trichuris trichiura 7.9 11.1 0.0 12.0 25.0 4.6 8.4
Ascaris lumbricoides 17.8 22.2 3.3 6.8 37.5 16.2 14.7
Enterobius vermicularisb 3.0 5.6 3.3 0.9 12.5 3.1 3.2
Strongyloides stercoralis 0.0 0.0 0.0 1.7 0.0 0.0 0.4
Ancylostomatidaec 1.0 0.0 0.0 0.0 0.0 1.5 0.6
Trichostrongylus sp. 1.0 1.1 0.0 0.0 0.0 1.5 0.8

Total 95.0 95.6 96.7 98.3 100.0 99.2 97.3

a And/or Entamoeba dispar/E. moshkowskii.
b Detected in stool samples.
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c Ancylostoma duodenale and/or Necator americanus.
d Number of school children studied.

n WHO, 1990), 0.61/100,000 year in France (Vaillant et al., 2003),
.2–19.0% (mean: 12.8%) in Egypt (Esteban et al., 2003), 0.9–6.1%

n Turkey (Demirci et al., 2003), undetermined low prevalences but
ith large epidemics in Iran (Moghaddam et al., 2004; Ashrafi et al.,

006; Rokni, 2008), up to 8% seropositivity in Vietnam (Hien et al.,
008).

The non-significant difference in prevalence by gender although
ith a trend to somewhat higher prevalences in females, agrees
ith the findings in 101 fascioliasis patients passively detected in

he Regional Hospital in Cajamarca (66.3% in females) (Alban Olaya
t al., 2002) and also with the data from the Peruvian Altiplano
f Puno (Esteban et al., 2002) and the Northern Bolivian Altiplano
Esteban et al., 1997a,b, 1999). When analysing prevalences found
ith regard to age groups, the peak in the 9–11 year age group
etected in Bolivia (Esteban et al., 1999) does not appear evident,
nd the non-significant but higher prevalences in the infant group
gree with the results found in Puno (Esteban et al., 2002), but not
ith the age spectrum of Cajamarca hospital patients, in whom

here were more patients among the 10–19 year age group (34.7%)
han in the 0–9 year age group (27.7%) (Alban Olaya et al., 2002).
nyway, studies in Bolivia have already shown that rural young
hildren do not usually attend hospitals for diagnosis. All in all, the
igh prevalences in the three different age groups surveyed in rural
reas suggest long-term fascioliasis chronicity and superimposed
epetitive infections to be probably frequent in Cajamarca province,
imilarly as in the Northern Bolivian Altiplano (Esteban et al., 1999).

.2. Intensities

The intensities found in the present study (range: 24–864,
M/GM: 113/68) appear to be pronouncedly higher than those of

nly up to 4 epg previously noted in Cajamarca province (Knobloch
t al., 1985; Ortiz et al., 2000). Anyway, these intensities are
ower than those known in the Peruvian Altiplano of Puno (range:
4–2496, AM/GM: 279/123) (Esteban et al., 2002) and the North-
ern Bolivian Altiplano (range: 24–5064, AM/GM: 446/191) (Esteban
et al., 1999).

Interestingly, overall intensities in Cajamarca province showed
to be somewhat higher in males than in females, which is oppo-
site to findings in Puno where females shed more eggs although
with no significant difference (Esteban et al., 2002), and in Bolivia
where females shed significantly more eggs (Esteban et al., 1999).
With regard to age, the slightly higher mean intensities found in the
adolescent group differs from results described in Puno, where chil-
dren of 5–9 years were those presenting higher epg counts (Esteban
et al., 2002), and in Bolivia where the epg AM was higher in the 9–12
year age group (Esteban et al., 1999). However, the intensity range
in Cajamarca, of higher level in 6–11 year old children does fit with
these other endemic areas.

In the analysis of intensity levels in Cajamarca, the very few cases
(5.2%) in whom epg proved to be higher than 400 and the relatively
low epg maximum of 864 are worth mentioning. This situation is
similar to that in Puno in that the majority of children shed less than
100 epg, although in Puno a 18.2% shed more than 400 epg of whom
7.3% more than 1000 epg (Esteban et al., 2002). With regard to sex,
in Cajamarca, despite arithmetic and geometric epg averages being
higher in males than in females, the number of subjects shedding
comparatively more epg is greater in females, a situation opposite
to that detected in Puno (Esteban et al., 2002).

Summing up, intensities in both Peruvian Cajamarca and Puno
appear markedly lower than in the Northern Bolivian Altiplano
(Esteban et al., 1999), where children shedding up to 8000 epg
have been recently found (Aguirre et al. in Mas-Coma et al., 2009a).
The low intensity levels in Cajamarca province suggest that spe-
cial care in treatment should be only sporadic in that endemic area,
according to international recommendations (WHO, 2007).
Studies are needed in Cajamarca to assess whether epg counts
differ throughout the different year seasons, as a consequence of the
different seasonal infection risk. A marked seasonality has already
been demonstrated in fascioliasis transmission in the Cajamarca
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Table 4
Analysis of correlation (i) between locality altitude and prevalence of F. hepatica or of other parasite species, as well as (ii) between prevalence of F. hepatica and prevalence of other parasite species, according to parasite species
selected  as bioindicators of hygiene characteristics and different infection sources and localities ordered by increasing altitude.

School locality (District) Altitude a.s.l. (m) Distance by route from
nearest urban locality
with sewage systemb

Prevalence of fascioliasis
%/no. studied

Bioindicators of hygiene characteristics (prevalences in %)c

Indicators of mainly
soil-borne infectiond

Indicators of mainly water- and
food-borne infection

Indicators of mainly
zoonotic-borne
infection

Ascaris Trichuris Endolimax Iodamoeba Giardia Blastocystis Balantidium Taenia

Huayrapongo Grande
(Baños del Inca)

2627 3.0 km from Baños del
Inca by secondary
route

25.0%/8 37.5 25.0 12.5 25.0 25.0 87.5 0.0 0.0

Yanamango (Jesus) 2647 11.0 km from
Cajamarca by main
route

6.7%/90 22.2 11.1 45.6 35.6 28.9 66.7 0.0 0.0

La  Colpa (Jesus) 2685 9.4 km from Cajamarca
by main route

17.8%/101 17.8 7.9 38.6 33.7 27.7 68.3 0.0 0.0

Llimbe  (Llacanora) 2764 14.0 km from
Cajamarca by main
route

13.3%/30 3.3 0.0 36.7 40.0 13.3 60.0 0.0 0.0

Shaullo  Grande (Llacanora) 2840 6.0 km from Baños del
Inca by tertiary route

20.5%/117 6.8 12.0 52.1 38.5 29.1 78.6 0.0 0.0

Santa  Rosa de Chaquil
(Encañada)

3061 23.0 km from
Cajamarca by main
route

47.7%/130 16.2 4.6 56.9 53.8 28.5 89.2 2.3 3.1

P  value for correlation of
altitude vs prevalencea

– – 0.014 0.751 0.649 0.131 0.013 0.832 0.064 – –

P  value for correlation of
fascioliasis vs
prevalences of other
parasitesa

– – – 0.959 0.698 0.172 0.033 0.659 0.047 – –

a P values obtained when discarding Huayropongo Grande due to the insufficient number of subjects studied in this locality. A P value less than 0.05 was considered significant.
b Route distances noted for additional information only. Not considered in correlation analyses.
c Bioindicator parasite species selected because of presenting evident prevalence differences according to localities; Giardia included because of its correlation with fascioliasis verified in other Andean human hyperendemic

areas;  Balantidium included in the mainly zoonotic-borne group due to the importance of pigs as reservoirs of fascioliasis in Andean human endemic areas (Valero and Mas-Coma, 2000); see other parasite species presenting
similar  prevalences according to localities in Table 3).

d Prevalences may  be distorted due to previous albendazole treatments.
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nter-Andean valley, including higher infection rates of lymnaeid
ectors in the January–March period, an infection peak in live-
tock during December–May, and a maximum of egg production in
omestic animals in August–September (Claxton et al., 1997, 1998,
999).

.3. Coinfections

All of the localities studied show a similarly very high mul-
iparasitism degree, suggesting similar hygienic-sanitary and
ocio-economic conditions. Given the immunomodulation capac-
ty of fascioliasis during its acute phase (O’Neill et al., 2000, 2001)
nd its immunosuppression effect on the advanced chronic stage
f the disease (Girones et al., 2007), a high morbidity by clinical
ynergism may  be expected in children affected by fascioliasis in
he Cajamarca province when taking into account the high num-
er of both protozoans and helminths of recognized pathogenicity
resent in the endemic area.

When analysing the spectrum of protozoans, the absence of
ryptosporidium, although similar as in Puno (Esteban et al., 2002),
as to be highlighted, as indeed cryptosporidiasis prevalences
roved to be very high (range: 30.2–32.1%; mean: 31.6%) in the
olivian Altiplano human fascioliasis hyperendemic area, suggest-

ng a close contact with livestock (Esteban et al., 1998a). The
bsence of B. coli in four of the five localities studied in Cajamarca,
lthough again similar to in Puno (Esteban et al., 2002), should
lso be emphasized, as this protozoan appeared in several endemic
ommunities of the Bolivian Altiplano hyperendemic area (range:
.0–5.3%; mean: 1.2%) suggesting a relationship with infected pigs
Esteban et al., 1998b). Among helminths, the sporadic presence of
trongyloidiasis, ancylostomid infection and Trichostrongylus infec-
ion remembers the Puno area (Esteban et al., 2002), but differs
rom their absence in the Northern Bolivian Altiplano (Esteban et al.,
997a).

The lack of association between fascioliasis and giardiasis in
ajamarca differs from results found in Puno (Esteban et al., 2002)
nd Bolivia (Esteban et al., 1997a)  and suggests that infection
hrough drinking water may  not be so usual as in both Peruvian and
olivian Altiplanos. The unexpected fascioliasis association with
. hartmanni infection is difficult to interpret. Interestingly also is
hat prevalences of trichuriasis and ascariasis in Cajamarca do not
ppear to differ from those found in Puno (T. trichiura: 8.7–21.4%,
ean 18.3%; A. lumbricoides: 1.5–14.5%, mean 8.0%) (Esteban et al.,

002) and in the Bolivian Altiplano (T. trichiura: 1.9–24.0%, mean
.4%; A. lumbricoides: 1.2–28.0%, mean 11.6%) (Flores et al., 2000),
espite the lower altitudes (geo- and pseudogeohelminths gener-
lly decrease in prevalence with increasing altitudes – see review
n Flores et al., 2000) and official treatment initiatives with alben-
azole in Cajamarca.

.4. Correlation with altitude

The significant bivariant correlation found between fascioliasis
nd altitude is outstanding. This is in agreement with results of pre-
ious experimental studies which proved that, at higher altitudes,
nfected lymnaeid vectors survive longer (Bargues et al., 1995; Mas-
oma et al., 2001), the cercarial shedding period is longer, and the
umber of metacercariae produced per snail is larger (Mas-Coma
t al., 2001). Additionally, the appearance of B. coli and Taenia sp.
nly in the highest altitude locality of Santa Rosa de Chaquil sug-
ests that the contact with livestock may  be closer.

Nevertheless, an influence of remoteness cannot be ruled out, as

n fact Santa Rosa de Chaquil is the locality more far away by road
rom an urban area with sewage system availability. Unfortunately,
emoteness is difficult to be measured, because it does not only
nclude distance but also the complex concept of accessibility (kind
ca 120 (2011) 119– 129 127

of roads and their status in the rainy season when non-asphalted,
frequency of public transport if any, availability of electricity, water
pipelines, population density, access to physicians and pharmacy,
presence/absence of local health centre, livestock density and prox-
imity, etc.). All in all, results obtained suggest that rural localities
at higher altitudes, more far away from Cajamarca and Baños del
Inca cities, and without accessibility by asphalted roads, may  have
a higher human infection risk. Unfortunately, studies carried out so
far have, with the exception of San Juan rural community at 40 km
southeast of Cajamarca city (Ortiz et al., 2000), only focused on
localities relatively near to Cajamarca city. Consequently, appro-
priate surveys in high altitude remote areas become priority for
future epidemiological surveys.

A patchy distribution of infection is typical within fascioliasis
endemic areas given its water-borne transmission linked to fresh-
water lymnaeid vectors (Mas-Coma et al., 1999). Within this patchy
epidemiological frame, given that the infectivity of the metacercar-
ial stage from different livestock species isolates has shown to be
similar (Valero and Mas-Coma, 2000; Valero et al., 2001), our field
work did not allow us to see evident livestock reservoir popula-
tion differences throughout as to explain different altitude-linked
human infection risks in Cajamarca province. Thus, future priority
should be given to the lymnaeid vector species as the crucial factor
for the epidemiology of the disease in that area. Indeed, geograph-
ical distribution, prevalences and intensities of both human and
animal infection are known to pronouncedly depend on the lym-
naeid species involved in the local transmission and characteristics
such as their population dynamics, anthropophylic characteristics,
type of water bodies, etc. (Bargues and Mas-Coma, 2005). Accord-
ing to previous vector studies in Cajamarca (Claxton et al., 1999), it
appears that the focus would be on the fossarine group of lymnaeid
species (Bargues et al., 2007).
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de Cooperación Internacional (AECI), Ministry of Foreign Affairs,
Madrid, Spain, and the Universidad de los Andes-CONICIT,
Venezuela.

Special thanks are given to Dr. Zoila Villavicencio, Dirección
Regional de Salud de Cajamarca, for collaboration in coordination
tasks, to postgraduate student Miss Sandra Sáez Durán (Valencia,
Spain) and nurses Felicita Ynolopu, Victor Cusquisiban and Rosa
Paredes (Cajamarca) for collaboration in field work, and to the Uni-
versidad Nacional de Cajamarca and the General Office for Technical
Cooperation of this university, for kindly providing laboratory facil-
ities.

References

Alban Olaya, M.,  Ortiz, J.J., Quispe Lazo, T., 2002. Fasciolasis en Cajamarca. Rev.

Gastroenterol. Perú 22, 28–32.

Apt, W.,  Aguilera, X., Vega, F., Alcaino, H., Zulantay, I., Apt, P., Gonzalez, V., Retamal, C.,
Rodriguez, J., Sandoval, J., 1993. Prevalencia de fascoliasis en humanos, caballos,
cerdos y conejos silvestres en tres provincias de Chile. Bol. Oficina Sanit. Panam.
115, 405–414.



1  Trop

A

A

B

B

B

B

C

C

C

C

C

C

D

D

E

E

E

E

E

E

E

E

F

F

F

F

G

G

28 L.C. González et al. / Acta

sh,  L.R., Orihel, T.C., Savioli, L., 1994. Bench Aids for the Diagnosis of Intestinal
Parasites. World Health Organization, Geneva.

shrafi, K., Valero, M.A., Massoud, J., Sobhani, A.R., Solaymani-Mohammadi, S.,
Conde, P., Khoubbane, M.,  Bargues, M.D., Mas-Coma, S., 2006. Plant-borne human
contamination by fascioliasis. Am.  J. Trop. Med. Hyg. 75, 295–302.

argues, M.D., Mas-Coma, S., 2005. Reviewing lymnaeid vectors of fascioliasis by
ribosomal DNA sequence analyses. J. Helminthol. 79, 257–267.

argues, M.D., Oviedo, J.A., Funatsu, I.R., Rodriguez, A., Mas-Coma, S., 1995. Survival
of lymnaeid snails from the Bolivian Northern Altiplano after the parasitation by
different Bolivian isolates of Fasciola hepatica (Linnaeus, 1758) (Trematoda: Fas-
ciolidae). In: Guerra, A., Rolán, E., Rocha, F. (Eds.), Unitas Malacologica. Instituto
de Investigaciones Marinas, CSIC, Vigo, pp. 443–445.

argues, M.D., Artigas, P., Mera y Sierra, R.L., Pointier, J.P., Mas-Coma, S., 2007. Char-
acterisation of Lymnaea cubensis, L. viatrix and L. neotropica n. sp., the main
vectors of Fasciola hepatica in Latin America, by analysis of their ribosomal and
mitochondrial DNA. Ann. Trop. Med. Parasitol. 101, 621–641.

lancas, G., Terashima, A., Maguiña, C., Lujan, L., Alvarez, H., Casanova, R.T., 2004.
Fasciolosis humana y compromiso gastrointestinal: estudio de 277 pacientes en
el  Hospital Nacional Cayetano Heredia, 1970–2002. Rev. Gastroenterol. Perú 24,
143–157.

havez, C.E., 1961. La lucha contra la distomatosis. Bol. Infectol. Asoc. Med. Vet. Perú
8,  3–9, and 9, 3–7.

hen, M.G., Mott, K.E., 1990. Progress in assessment of morbidity due to Fasciola
hepatica infection: a review of recent literature. Trop. Dis. Bull. 87, R1–R38.

laxton, J.R., Sutherst, J., Ortiz, P., Clarkson, M.J., 1999. The effect of cyclic tem-
peratures on the growth of Fasciola hepatica and Lymnaea viatrix.  Vet. J. 157,
166–171.

laxton, J.R., Zambrano, H., Ortiz, P., Amoros, C., Delgado, E., Escurra, E., Clarkson, M.J.,
1997. The epidemiology of fasciolosis in the inter-Andean valley of Cajamarca,
Peru. Parasitol. Int. 46, 281–288.

laxton, J.R., Zambrano, H., Ortiz, P., Delgado, E., Escurra, E., Clarkson, M.J., 1998.
Strategic control of fasciolosis in the inter-Andean valley of Cajamarca, Peru.
Vet. Rec. 143, 42–45.

osme-Contreras, J., Burga-Hernandez, A., Geldres-Moreno, L., Bazan-Vasquez, C.,
1971. Estudio clínico y epidemiológico de la distomatosis hepática en escolares
de  la zona rural de Cajamarca. Rev. Peru Pediatría 29, 165–171.

emirci, M., Korkmaz, M.,  Kaya, S., Kuman, A., 2003. Fascioliasis in eosinophilic
patients in the Isparta region of Turkey. Infection 31, 15–18.

ittmar, K., 2002. Arthropod and helminth parasites of the wild guinea pig, Cavia
aperea,  from the Andes and the Cordillera in Peru, South America. J. Parasitol.
88, 409–411.

spinoza, J.R., Maco, V., Marcos, L., Saez, S., Neyra, V., Terashima, A., Samalvides, F.,
Gotuzzo, E., Chavarry, E., Huaman, C., Bargues, M.D., Valero, M.A., Mas-Coma, S.,
2007. Evaluation of Fas2-ELISA for the serological detection of Fasciola hepatica
infection in humans. Am.  J. Trop. Med. Hyg. 76, 977–982.

steban, J.G., Flores, A., Aguirre, C., Strauss, W.,  Angles, R., Mas-Coma, S., 1997a.
Presence of very high prevalence and intensity of infection with Fasciola hepatica
among Aymara children from the Northern Bolivian Altiplano. Acta Trop. 66,
1–14.

steban, J.G., Flores, A., Angles, R., Strauss, W.,  Aguirre, C., Mas-Coma, S., 1997b. A
population-based coprological study of human fascioliasis in a hyperendemic
area of the Bolivian Altiplano. Trop. Med. Int. Health 2, 695–699.

steban, J.G., Aguirre, C., Flores, A., Strauss, W.,  Angles, R., Mas-Coma, S., 1998a.
High Cryptosporidium prevalences in healthy Aymara children from the Northern
Bolivian Altiplano. Am.  J. Trop. Med. Hyg. 58, 50–55.

steban, J.G., Aguirre, C., Angles, R., Ash, L.R., Mas-Coma, S., 1998b. Balantidiasis in
Aymara children from the Northern Bolivian Altiplano. Am. J. Trop. Med. Hyg.
59,  922–927.

steban, J.G., Flores, A., Angles, R., Mas-Coma, S., 1999. High endemicity of human
fascioliasis between Lake Titicaca and La Paz valley, Bolivia. Trans. R. Soc. Trop.
Med. Hyg. 93, 151–156.

steban, J.G., Gonzalez, C., Bargues, M.D., Angles, R., Sanchez, C., Naquira, C., Mas-
Coma, S., 2002. High fascioliasis infection in children linked to a man-made
irrigation zone in Peru. Trop. Med. Int. Health 7, 339–348.

steban, J.G., Gonzalez, C., Curtale, F., Muñoz-Antoli, C., Valero, M.A., Bargues, M.D.,
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