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Abstract

Purpose:  This is t o determine the prevalence of  bacterial and parasit ic fl ora in asymptomat ic 

disposable and extended contact  lens wearers in Lagos State, Nigeria.

Methods:  The study was carried out  on 156 contact  lenses from 78 asymptomat ic wearers between 

the ages of 12 to 38 years. Eighty two disposable daily wear (DWCL) and 74 extended wear (EWCL) 

contact  lenses were examined. The contact  lenses’  swabs and the t rays were t ransferred to the 

laboratory for microbial examinat ion.

Resul t s:  Fif t y two (70.27 %) extended wear contact  lenses and 50 (60.98 %) disposable contact  

lenses examined were contaminated.  St rept ococcus spp. (4.23 %) were found in extended contact  

lenses and (3.9 %) in disposable cont act  lenses.  Escher ichia col i  (15.49 %) were more in t he 

extended contact  lenses and were in higher proport ion (14.74 %) than the other microorganisms in 

all t he contact  lenses.  Klebsiel la spp. (12.99 %) were more in the disposable lenses than in the 

extended wear lenses (12.69 %). there were more disposable lenses (41.56 %) with ‘ no growth’ . 

Amoebae were isolat ed f rom (6.49 %) disposable and (4.23 %) ext ended wear cont act  lenses. 

Seventeen (32.69 %) DWCL had mixed fl ora. There were signifi cant  dif ferences between disposable 

and extended contact  lenses, p < 0.05.

Conclusions:  EWCL present  more microorganisms and pose threat  to the users. DWCL had more 

amoebae, which calls for suitable lens care methods. Further studies may be needed to determine 

the level of care required for contact  lens users in developing count ries.

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.
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PALABRAS CLAVE

Lentes de contacto;

Cult ivo;

Parasitológico;

Sin crecimiento;

Lentes de contacto 

desechables 

de hidrogel;

Lentes de contacto 

de uso prolongado de 

hidrogel de silicona

Bacterias y parásitos en las lentes de contacto de usuarios asintomáticos en Nigeria

Resumen

Obj et ivo:  determinar la prevalencia de la fl ora bacteriana y parasitaria en usuarios asintomát icos 

de lentes de contacto desechables y de uso prolongado en el Estado de Lagos (Nigeria).

Mét odos:  se estudiaron 156 lentes de contacto de 78 usuarios asintomát icos con edades compren-

didas ent re los 12 y los 38 años.  Se examinaron 82 lentes de contacto de uso diario (LCUD) y 

74 lentes de contacto de uso prolongado (LCUP).  Los hisopos y los recipientes de las lentes de 

contacto se enviaron al laboratorio para realizar un análisis microbiano.

Result ados:  de las lentes de contacto examinadas, 52 (70,27 %) de uso prolongado y 50 (60,98 %) 

desechables estaban contaminadas. Se encont ró St reptococcus spp. en lentes de contacto de uso 

prolongado (4,23 %) y en lentes de contacto desechables (3,9 %). Se encont ró más Escherichia col i  

en las lentes de contacto de uso prolongado (15,49 %) y en una proporción mayor (14,74 %) en com-

paración con el resto de microorganismos de todas las lentes de contacto. Se encont ró más Kleb-

siel la spp. en las lentes desechables (12,99 %) que en las lentes de uso prolongado (12,69 %). Hubo 

más lentes desechables sin crecimiento (41,56 %). Se aislaron amebas en las lentes de contacto 

desechables (6,49 %) y en las de uso prolongado (4,23 %). Diecisiete LCUD (32,69 %) presentaron 

fl ora mixta. Hubo diferencias signifi cat ivas ent re las lentes de contacto desechables y las de uso 

prolongado,  p < 0,05.

Conclusiones:  las LCUP presentan más microorganismos y suponen un mayor riesgo para los usua-

rios. Las LCUD presentaron más amebas, por lo que es necesario aplicar métodos adecuados para 

el cuidado de las lentes. Es posible que hagan falta más estudios para determinar el nivel de cui-

dado necesario para los usuarios de lentes de contacto en los países en vías de desarrollo.

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.

Introduction

The inconvenience of wearing the convent ional spectacles 
had led t o t he development  of  plast ic correct ive contact  
lenses (CL) worn direct ly over the cornea to improve vision. 
The use of  contact  lenses (CL) had increased remarkably 
because of  i t s opt i cal ,  occupat i onal  and cosmet i c 
advantages. However,  Devonshire et  al 1 reported that  t he 
problem in contact  lens wear was the presence of bacteria 
and ot her microorganisms;  because some cont act  lens 
wearers had developed microbial kerat it is.  Mart ins et  al 2 
observed the presence of  fungi,  parasit es and bacteria in 
contact  lens swabs cultures. It  has been reported that  the 
environment , the type of contact  lens, the durat ion of wear, 
and t he t ype of  CL cleansing solut ion det ermined t he 
microbial  load on t he cont act  lenses.  3-5 St aphylococcus 

epidermidis,  St aphylococcus aureus,  Ent erobact er  and 

Pseudomonas species found in heal t hy eyes,  were also 
observed on sof t  cont act  l enses of  heal t hy persons.  6 
Acant hamoeba species were also found in contact  lenses. 
These amoebae lived in the bio-fi lms of other organisms and 
decaying organic materials,  where t hey feed on bacteria 
and other microscopic organisms.

Acanthamoebae thrive well in water supply systems and 
proliferate on the inside surfaces of  pipes. They were also 
f ound in moist  soi l  and mud.  These amoebae could be 
resistant  to dry environments, chlorine, and many contact  
lenses cleansing ant isept ics.  They are capable of feeding on 
living t issues. If  found in human corneal t issues could cause 

disease and this has been related to CL wear. Therefore, CL 
wearers using tap water to clean their contact  lenses instead 
of  t he prescribed solut ion,  might  face t he r isk of  being 
infected by these parasites, which could cause resistant  eye 
infect ions. This could endanger the cornea. We often learn 
about  t he dest ruct ive ef fect s of  t hese parasi t es on t he 
cornea in the laboratory, at  the t ime it  was too late for any 
useful remedy. Thus there should be cont inuous monitoring 
of these emerging pathogens, which could cause serious eye 
infect ions. 7

Many aut hors had report ed t he presence of  microbial 
organisms on cont act  lenses of  Caucasians wearers,  but  
none on black contact  lenses wearers.  8-10 The reason may 
not  be farfetched, because contact  lens wear is relat ively 
new t o Af r ica.  Cont act  lens wearers have increased in 
Nigeria, where the climat ic condit ions and the environment  
favour the growth of  microorganisms. There may be more 
probl ems associ at ed wi t h cont act  l ens wear  i n t he 
developing nat ions than in the indust rialized nat ions. Lagos 
is a t ypical  ci t y in a developing nat ion in Af rica.  It  is an 
indust rial cit y and a densely populated area of Nigeria. It  is 
the former capital of  Nigeria. The inhabitants are exposed 
t o di r t y envi r onment ,  wat er  and soi l  wher e t hese 
microorganisms comf or t abl y t hr i ve.  Theref ore,  i t  i s 
important  t o ident ify t he bacteria and t he parasit es t hat  
contaminate contact  lenses (CL) in Lagos (Nigeria) and to 
determine if  the microbial contaminants are more in either 
ext ended wear (EWCL) or disposable dai ly wear cont act  
lenses (DWCL).
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Methods

This st udy was carr ied out  bet ween August  2002 and 
December 2003 in private eye cl inics in Lagos, because of 
the relat ively high populat ion density of contact  lens wearers 
in Nigeria. The study populat ion consisted of 78 asymptomat ic 
contact  lens wearers between the ages of 12 to 38 years. We 
were unable t o f ind subj ect s above 40 years t hat  wear 
cont act  l enses,  because i t  has not  obt ained general 
acceptance. Contact  lens (CL) wearers with eye infect ions or 
under any therapeut ic or diagnost ic eye drops were excluded 
f rom t he st udy.  The disposable dai ly wear (DWCL) and 
extended wear (EWCL) contact  lenses included in the study 
must  have been worn for 4 hours and above. The subj ects 
were the regular contact  lens pat ients that  visited the clinics 
for their lens care regimen. The study was carried out  after 
oral and writ ten consent  of the subjects were obtained. The 
study was conducted in accordance with the tenants of the 
declarat ion of Helsinki. During this period, 156 soft  hydrogel 
contact  lenses were examined for the presence of microbial 
and parasi t ic organisms;  t here were 82 (52. 6 %) dai l y 
disposable sof t  hydrogel  cont act  lenses (DWCL) and 74 
(47.4 %) extended wear silicone hydrogel (S-H) contact  lenses 
(EWCL). The (DWCL) lenses were Acuvue 2 (Etafi lcon A, 58 % 
water content , ionic) manufactured by Johnson and Johnson 
(Jacksonvil le,  FL) and Sof lens 38 (Polymacon,  38 % water 
cont ent  non-ionic) manufact ured by Bausch and Lomb 
(Rochester, NY). All the extended wear lenses were made of 
S-H material f rom Bausch and Lomb (PureVision, Balafi lcon 
A, 36 % water content ,  ionic surface t reated lens).  Sterile 
cot ton-t ip swabs moistened with sterile saline were used in 
t he col lect ion of  samples f rom t he cont act  lenses in t he 
st eri le cont act  lens t ray.  The part icipant s were asked t o 
place t heir cont act  lenses on t he st eri le t rays af t er t he 
washing of their hands with sterile water and soap. Sterile 
swabs were rotated on the contact  lens surface immediately 
t hey were placed on t he st eri le t ray.  Each cont act  lens 
examined was washed with three drops of sterile saline into 
a lens t ray. Each part icipant  was afterwards asked to wash 
t heir contact  lenses (CL) wit h a contact  lens disinfect ing 
solut ion before reinsert ion on the cornea. The swabs and the 
contact  lens t rays were thereafter sent  to the laboratory for 
examinat ion.

Contact lens bacteriologic study

Four swabs were col lect ed f rom each subj ect ’s cont act  
lenses,  two f rom each eye contact  lens in t he t rays.  The 
swabs and t he t rays were sent  t o t he laborat ory before 
12 hours for culture and microscopy. Each swab was used to 
inoculate two culture media, the fi rst  was used to st reak a 
blood agar, chocolate agar and MacConkey agar plates; the 
second was used to st reak a Sabouraud dext rose agar plate. 
Gram staining was carried out  in each case. The t ip of each 
swab was broken of f  (2 to 4 cm above the t ip) and placed 
into a meat  broth. All plates and broths were incubated at  
37 °C to allow for bacterial growth and held for 48 hours to 
ascertain either “ growth”  or “ No growth”  and all organisms 
found were ident ifi ed. The Sabouraud’s dext rose agar plate 
and the meat  broth were held for 1 week and the organisms 
present  were ident ifi ed.  The colony count s on t he plates 
were recorded.

Positive culture

The organisms that  grew on any of the media were ident ifi ed.  
St aphylococcus aureus,  coagulase negat ive St aphylococcus,  
and St rept ococcal species isolated only in meat  broth were 
considered to be contaminants. “ Posit ive”  cultures fulfi lled 
one of  the following crit eria:  the organisms isolated on at  
least  one sol id medium,  organisms isolat ed f rom t wo or 
more media, gram negat ive or anaerobic organisms isolated 
only f rom the meat  broth.  Posit ive cult ures were divided 
into two categories. The fi rst , were the normal conj unct ival 
fl ora,  such as coagulase-negat ive St aphylococci .  Alt hough 
these organisms could be opportunist ically pathogenic, they 
frequent ly colonize the ocular surfaces of normal subj ects. 
Secondly,  were t he potent ial pathogens t hat  consisted of 
any mi croorgani sms ot her  t han coagul ase negat i ve 

Staphlococci.  11

Parasitological culture

Non nut r ient  agar  (NNA) was used wi t h an over lay of  
Escherichia col i ,  for the growth of  Acant hamoeba spp and 
other Amoebae. The specimen from each CL t ray was simply 
int roduced into the surface of the plate without  st reaking or 
breaking t he sur f ace.  Two plat es were inoculat ed f or 
incubat ion at  25 and 37 °C because some species might  not  
grow at  higher temperature. The plates were examined for 
t rophozoi t es and cyst s di rect ly under t he microscope. 
Trophozoites were observed in 24 to 48 hours. They moved 
and covered t he ent i re plat e sur f ace and on f ur t her 
incubat ion some turned into cysts. The plates were observed 
for at  least  10 days.

Statistical analysis

SPSS st at i st i cal  sof t ware was used f or  dat a analysis. 
Mann-Whi t ney U-t est  st at ist i cal  ranking f or  unpai red 
observat ions was employed in t he det erminat ion of  t he 
signifi cant  differences between the contaminated disposable 
and t he ext ended wear  cont act  l enses,  p < 0. 05 was 
considered stat ist ically signifi cant .

Results

Out  of the 156 contact  lenses examined 54 (34.62 %) showed 
‘ No growth’ . Contact  lenses with amoebae were 8 (5.13 %), 
while bact eria cont aminat ed 94 (60.26 %) cont act  lenses 
(Table 1).  A total of  35 (22.44 %) of  the contact  lenses had 
mixed fl ora.  It  was observed that  35 of  the contact  lenses 
showed pathogenic organisms.  St aphylococcus epidermidis 
was found in 6 (3.85 %) contact  lenses.  Escherichia col i in 22 
(14.74 %) cont act  lenses,  Klebsiel l a spp.  in 20 (12.82 %) 
cont act  lenses and St aphyl ococcus aureus in 7(4.49 %) 
contact  lenses were observed. Other bacterial isolates such 
as Pseudomonas spp. and Corynebact erium spp.  were found 
in small  number of  5 (3.2 %) and 2 (1.3 %) contact  lenses, 
respect i vel y.  Out  of  t he 74 EWCL,  52 (70. 27 %) were 
contaminated, while with the 82 disposable contact  lenses 
examined,  50 (60.98 %) were cont aminat ed.  Amoebae 

isolat ed f rom t he disposable lenses were more t han t hat  
observed with the extended wear contact  lenses.
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Table 2 revealed that  many of the part icipants wore daily 
disposable contact  lenses (DWCL) and 17 (32.69 %) of  t he 
DWCL swabs had mixed fl ora.  Klebsiel la spp.  10 (12.99 %) 
were found in daily disposable contact  lenses (DWCL), while 

Escherichia col i was more in the extended S-H contact  lens 
(EWCL).  Thi r t een EWCL had mi xed f l ora (Tabl e 3) . 
Mann-Whi t ney U-t est  revealed signi f icant  di f f erences 
bet ween disposable and EWCL wi t h microbial  isolat es 
(calculated U 1 = —1524.9 and crit ical U = 526), p < 0.05.

It  was found that  52 (70.27 %) EWCL and 50 (60.98 %) DWCL 
examined were cont aminat ed.  St rept ococcus spp.  were 
found in EWCL (4.23 %) and in DWCL (3.9 %).  Escherichia col i 

(15.49 %) was more in t he EWCL and was found in higher 
proport ion (14.74 %) than the other microorganisms in the 
contaminated contact  lenses.  Klebsiel la spp.  (12.99 %) were 
more in t he DWCL t han in t he EWCL (12.69 %).  However, 
there were more DWCL with ‘ no growth’  (41.56 %).  Amoebae 

i solat ed f rom t he DWCL (6.49 %) were more t han t hat  
observed with the EWCL (4.23 %). Seventeen (32.69 %) of the 
DWCL had mixed fl ora.  There were signifi cant  dif ferences 
between the microbial contents of the DWCL and that  of the 
EWCL (calculat ed U 1 = —1524.9 and cr i t ical  U = 526), 
p < 0.005.

Discussion

There is a cont inuous increase in the use of contact  lenses 
in Nigeria because of the opt ical, occupat ional and cosmet ic 
advantages to individuals. Several authors reported that  the 
int roduct ion of contact  lenses was associated with increase 
in ocular microbial complicat ions. 1,12 The unique st ructure 
of the human eye, the use of contact  lenses and the constant  
exposure of the eye direct ly to the environment  renders it  
vulnerable t o a number of  uncommon infect ious diseases 
caused by parasites, and bacteria. Some of these infect ious 
eye diseases, prior to the invent ion of contact  lenses, were 
rare.  Thus new oppor t uni t i es were of f ered t o t hese 
microorganisms when people st ar t ed wear ing cont act  
lenses.  Host  defenses direct ed against  t hese pat hogenic 
microorganisms, once anatomical  barriers were breached, 
were usual l y inadequat e t o prevent  l oss of  vi sion.  6, 9 
Therefore,  necessary precaut ions are required to protect  
t he eye f rom t hese oppor t uni st i c organi sms.  These 
microorganisms and t hei r  pat hogenic ef f ect s might  be 
di f f erent  f rom count ry t o count ry,  par t icular l y in t he 
developing countries. 13-16 Therefore, the t imely ident ifi cat ion 
of  t he microorganisms found in cont act  lenses of  Af rican 
wearers is of paramount  importance.

Many of  t he part icipant s in t he st udy (72 cont act  lens 
wearers) were young adults, below the age of 40 years and 

others were children. This revealed that  young adults were 
more adventurous in t rying out  new visual aid gadgets. The 
parasit ic and bacterial fl ora found in these contact  lenses of 
asympt omat ic wearers might  be f rom t he environment , 
water,  physical contact ,  or f rom unhygienic habit s of  t he 
wearers. Therefore t imely t reatment  of corneal abrasion as 
a resul t  of  cont act  lens wear is import ant .  Cont act  lens 
users with mild ocular surface diseases or corneal abrasion 
might  be at  risk of microbial kerat it is. 17,18

The St aphylococcus epidermidis, St aphylococcus aureus, 

Escherichia col i  (E. col i),  and Klebsiel la spp. were the most  
common microorganisms found in t his st udy.  The st udy 

Table 3 Organisms on 82 extended wear contact  lenses 

(EWCL)

Organisms No. of 

swabs

Percentage 

(%)*

St rept ococcus spp.  3  4.23

St aphylococcus epidermidis  6  8.45

St aphylococcus aureus  7  9.86

Escherichia col i 11 15.49

Pseudomonas spp.  1  1.41

Corynebact erium spp.  2  2.81

Klebsiel la spp.  9 12.68

No growth 22 30.99

St rept ococcus spp. + St aphylococcus  6  8.45

Escherichia col i  + St rept ococcus spp.  2  2.81

St aphylococcus spp. + Klebsiel la spp.  1  1.42

Escherichia col i  + St aphylococcus 

aureus

 1  1.42

Amoebae sp.  3  4.23

*Cumulat ive percentage is higher than 100 % because some 

lenses showed more than 2 colonies.

Table 2 Organisms on 74 disposable contact  lenses 

(DWCL)

Isolated organisms No. of 

swabs

Percentage 

(%)*

St rept ococcus spp.  3  3.9

Escherichia col i 11 14.29

Pseudomonas spp.  4  5.19

Klebsiel la spp. 10 12.99

No growth 32 41.56

Klebsiel la ssp. + Pseudomonas spp.  2  2.6

St rept ococcus spp. + St aphylococcus  5  6.49

St aphylococcus ssp. + Klebsiel la spp.  2  2.6

Klebsiel la spp. + Escherichia col i  1  1.3

Klebsiel la spp. + St rept ococcus spp.  2  2.6

Klebsiel la spp. + S. aureus 

+ Escherichia col i

 3  3.9

Escherichia col i  + St aphylococcus 

aureus

 2  2.6

Amoebae sp.  5  6.49

*Cumulat ive percentage is higher than 100 % because some 

lenses showed more than 2 colonies.

Table 1 Organisms isolated from contact  lenses

Bacteria 

and parasites

Number (No.) 

of swabs

Percentage 

(%)

Parasites (Protozoa)  8  7.8 %

Gram negat ive bacteria 48 47.1 %

Gram posit ive bacteria 46 45.1 %
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carried out  in UK revealed that  St aphylococcus epidermidis 
was found to be more in normal conj unct ival fl ora. 19 Other 
simi l ar  repor t s had conf i rmed t he st udy,  wi t h sl i ght  
variat ions in t he percent ages of  occurrences.  20-22 In t his 
st udy,  E.  col i  was found in higher percent age t han ot her 
microorganisms (Tables 2 and 3) on t he cont act  lenses. 
Larkin and Leeming 23 st udied normal  ocular  f lora and 
compared it  wit h t hat  of  t he asympt omat ic cont act  lens 
users and found that  St aphylococcus epidermidis was more 
amongst  the non contact  lens wearers.  Sankaridurg et  al.  6 
f ound t hat  ocul ar  mi cr oor gani sms wer e l esser  i n 
asympt omat ic cont act  l ens users t han dur ing corneal 
inf i l t rat ion.  They 6,24 observed some di f f erences in t he 
microbial  load bet ween non cont act  lens wearers and 
asymptomat ic contact  lens wearers. This could be a maj or 
reason of the low percentage of  St aphylococcus epidermidis 
observed in this study.

The presence of  E.  col i  in t he examined contact  lenses 
could be f rom the use of  contaminated water.  Free l iving 
amoebae had been isolated from the dust ,  contact  lenses, 
domest ic water and swimming pool. 24-26 Kamel and Norazah 27 
report ed t he f i rst  case of  Acant hamoeba kerat i t is in a 
female’s contact  lens. It  has been suggested that  bacteria 
found in eyelids, conj unct iva and tear fi lm might  have had a 
cont r ibut ory role in t he pat hogenesis of  Acant hamoeba 

kerat it is.  28 It  has also been report ed t hat  Acant hamoeba 

kerat it is occurred more in contact  lens wearers, probably as 
a result  of  t he contaminated t ap water used for t he lens 
care.  There were further evidences that  sof t  contact  lens 
wearers could be at  greater risk for protozoan infect ion. 29,30 
The study agreed with this observat ion that  daily disposable 
contact  lenses (soft  contact  lenses) were more predisposed 
to the amoebea 31 (Table 2).

It  was al so observed in t hi s st udy t hat  t here were 
signifi cant  dif ferences in the microbial presence between 
t he DWCL and t he EWCL.  The observat ion in t his st udy 
agreed with the clinical t rials report  of  Fonn et  al,  32 which 
revealed t hat  t he EWCL yielded much higher bact er ial 
adverse response rate than the DWCL. However, Gopinathan 
et  al. 10 reported that  the increase in the length of lens wear 
did not  result  to the predictabilit y increase in the bacteria 
colonizat ion of  t he contact  lenses.  Those authors argued 
also that  t he bacterial t ypes present  in the normal ocular 
microbiota were rarely associated with diseases. Therefore 
t he EWCL di d not  al t er  t he f r equency of  bact er i al 
col oni zat i on of  l enses i n neophyt e wearers i n bot h 
Aust ralians and Indians. 10

It  is therefore obvious that  there are cont roversies about  
the ef fect  of  sof t  contact  lenses on ocular microbiota and 
t he associat ed diseases.  Many aut hors repor t ed t hat  
asymptomat ic lens wear for extended periods did increase 
ocul ar  mi cr obi ot a 23, 33, 34 and ot her s r epor t ed t hat  
asympt omat ic lens wear f or  ext ended per iods did not  
increase normal ocular microbiota. 10,35-37 However,  Efron et  
al 38 suggested that  ocular diseases of  contact  lens wearer 
could be as a resul t  of  noncompl iance or  omission of 
sur f act ant  cl eaning rub and r i nse st eps,  t he use of 
disinfect ing solut ion of  marginal effi cacy and lenses t hat  
at t ract  and rapidly deposit  prot ein.  Thus,  t he lens care 
regimen is an important  factor for considerat ion on subj ects 
t hat  showed ‘ no growt h’  among t he dai ly and ext ended 
contact  lenses wearers.

A total of  54 (34.62 %) contact  lenses examined had ‘ No 
growth’  and 35 (22.44 %) of  t he contact  lenses had mixed 
fl ora.  It  was observed t hat  35 (22.44 %) of  al l  t he contact  
lenses had pat hogenic organisms,  8 (5. 13 %) parasi t ic 
i nf est ed cont act  l enses and 94 (60. 26 %)  bact er i al 
contaminated contact  lenses in healthy eyes.  Staphylococcus 

epidermidis,  a normal ocular fl ora, was found in 6 (3.85 %) 
contact  lenses.  Klebsiel la spp. and St aphylococcus aureus 

were found in 20 (12.82 %) and 7 (4.49 %) cont act  lenses, 
respect ively.

This st udy at t empt s t o suggest  t hat  dai ly disposable 
contact  lenses (CL) should be more suitable for wearers in 
Nigeria and it  gives a clue that  more care is required for the 
use EWCL in Niger ia.  However,  f ur t her st udies may be 
requi red t o det ermine t he appropr iat e care met hods 
suitable for soft  contact  lens wearers in Nigeria, in order to 
reduce the degree of parasit ic contaminat ion.
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