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       Cryptosporidium  parvum  (C.  parvum) is  a
coccidian  parasite  of  the  phylum  Apicomplexa  that
infects  the  gastrointestinal,  biliary  and  respiratory
epithelium  of  humans  and  animals[1].  Early  reports
described  a  disease  in  humans  characterized  by
protracted,    watery    diarrhea    occurring    in
immunosuppressed  patients,  many  with  acquired
immunodeficiency   syndrome   (AIDS).   Recent
epidemiologic  studies  indicate  that  cryptosporidiosis
may  also  present  as  an  acute,  self-limited  diarrheal
disease  in  immunocompetent  individuals  and  may
account    for    1%-10%    of    diarrheal    disease
worldwide[2,3].  Despite  the  magnitude  and  severity
of   cryptosporidial   infection,   the   pathogenesis   is
poorly   understood,   and   there   is   currently   no
effective  therapy[3].  In  this  review,  we  provide  a
concise   summary   of   what   is   known   about
cryptosporidial  infection  of  the  intestinal  and  biliary
tract.

THE  PARASITE
Cryptosporidium  is  a  coccidian  parasite  and  one  of
many    genera    of    the    protozoan    phylum,
Apicomplexa  (class  Sporozoea,  subclass  Coccidia).
Six  species  are  currently  recognized  on  the  basis  of
differences  in  host  specificity,  oocyst  morphology
and  site  of  infection  (C.  parvum,  C.  muris,  C.
meleagridis,  C.  baileyi,  C.  serpentis  and  C.
nasorum);   only   C.   parvum   causes   diseases   in
humans[1,4].
        C.  parvum  has  a  monoxenous  life  cycle,  all
stages   of   development   ( asexual   and   sexual )
occurring  in  one  host.  The  entire  life  cycle  may  be
completed  in  as  few  as  2  days  in  many  hosts,  and
infections  may  be  short-lived  or  may  persist  for

months.  Once  ingested,  oocysts  excyst  in  the
gastrointestinal  tract  releasing  infective  sporozoites.
The  freed  sporozoites  attach  to  epithelial  cells  and
becom  e  enclosed  within  parasitophorous  vacuoles,
developing  attachment  organelles  (stages  referred  as
trophozoites ).   The   trophozoites   then   undergo
asexual  proliferat  ion  by  merogony  and  form  two
types   of   meronts.   Type   I   meronts   form   8
merozoites   that   are   liberated   from   the
parasitophorous   vacuole   when   mature;   the
merozoites  then  invade  other  epithelial  cells  where
they  undergo  another  cycle  of  type  I  merogony  or
develop   into   type   II   meronts.   Type   II   meronts
form  4  merozoites  which  do  not  undergo  further
merogony  but  produce  sexual  reproductive  stages
(called   gamonts).   Sexual   reproduction   occurs   by
gametogony  and  both  microgamets  (male)  and
macrogametocytes    ( female )    are    formed.
Macrogametocytes  are  then  fertilized  by  mature
microgamets,  and  the  resultant  zygotes  undergo
further  asexual  developme  nt  (sporogony)  and  form
sporulated  oocysts  containing  4  sporozoites.  Most
oocysts  are  thick-walled  and  are  excreted  from  the
host  in  faecal  material;  some  oocysts,  however,  are
thin  walled  and  have  been  reported  to  excyst  within
the   same   host   leading    to    a    new    cycle    of
development[1].   The   presence   of   these   auto-
infective  oocysts  and  recycling  type  I  meronts  are
believed  to  be  the  means  by  which  persistent  chronic
infections  may  develop  in  hosts  without  further
exposure  to  exogenous  oocysts[1].

EPIDEMIOLOGY
Infection  of  C.  parvum  in  both  immunocompetent
and    immunocompromised    humans    occurs
worldwide.   From   prevalence   studies,   oocyst
excretion  rates  are  known  to  vary  between  1%-3%
in   industrialized   countries   and   10%   in   less
industrialized   nations.   Seroprevalence   rates   are
much  higher.  In  developed  countries,  they  vary
between  25%-35%,  while  in  the  developing  world
these    rates    are    as    high    as    60 %-90 %   (Figure
1)[3,5,6].   C.   parvum   infection   was   reported   in
10%-15%  of  the  children  with  diarrhea  in  the
developing  world.  It  has  been  reported  that  10%-
16%  of  AIDS  patients  with  chronic  diarrhea  in
North  America  and  30%-50%  in  the  developing
world  are  infected  with  C.  parvum[7,8]  while  the
in  fection  mainly  occurs  in  the  intestine  in  both
immunocompetent    and    immunocompromised
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individuals,  biliary  cryptosporidiosis  has  only  been
reported  in  HIV-infec  ted  patients,  being  found  in
20%-65%  of  the  patients  with  so-called  AIDS-
chola  ngiopathy[9].
        It has been reported that as low as 10 oocysts of
C.  parvum  can   cause   human   diseases.   Many
instances   of   human-to-human   transmission   have
been  recorded  bet  ween  household  and  family
membranes,  sexual  partners  (both  heterosexual  and
homo  sexual),  hospital  patients  and  staff,  and
children  attending  day  care  centers.  While  most
cases  of  transmission  involve  oocysts  derived  from
faecal  samples,  contaminated  water  is  a  source  of
infection   among   international   travelers,   and
outbreaks  have  been  associated  with  contamination
of  well  water,  surface  water,  swimming  pools  and
public  water  supplies.  C.  parvum  oocysts  have  been
recovered  from  untreated  surface  waters,  filtered
swimming  pool  water,  and  most  importantly,  from
treated  drinking  water.  Homosexuals  practicing
oral-anal    and/or    anal-genital    sex,    veterinary
personnel  and  animal  handlers  are  particularly  at
risk[1].    Immunocompromised    individuals    with
hypogammaglobulinaemia,    organ    transplanted
recipients,   patients   undergoing   bone   marrow
transplantation  and  patients  on  immunosuppressive
drugs  are  also  at  high-risk[10].

IMMUNOLOGY  AND  PATHOGENESIS
Immunology
Immunocompetent  individuals  who  become  infected
generally  experience  a  self-lim  ited  syndrome  and
become  immune  to  reinfection.  In  contrast,  severe
chronic    infe    ctions    may    develop    in
immunocompromised   individuals   with   either
congenital   or   acquired   lymphocyte  or  γ-globulin
deficiencies,  suggesting  both  cell  -mediated  and
humoral  immune  responses  are  involved  in  the
resolution  of  infections  and  the  development  of
immunity[1].
          Immunoserological  tests  have  detected  specific
IgG,  IgM,  IgA  and  even  IgE  antibodies  in  acute  or
convalescent  sera  from  infected  patients.  Local  and
secretory   antibodies   have   been   detected   in
association  with  infections,  including  IgA  antibodies
in  duodenal  fluid[11].  Passively  acquired  antibodies
have  also  been  implicated  in  the  prevention  or
control   of   infections.   Several   epidemiological
studies  recorded  a  lower  prevalence  of  infections  in
breast-fed  children  than  in  bottle-fed  children.
However,  the  role  of  serum  or  secretory  antibodies
in   the   resolution   of   infections   is   unclear.
Neutralizing  antibodies  against  surface  membrane
determinants  of  free  sporozoites  and  merozoites
reduce  infectivity,  sug  gesting  that  some  antibodies
may  neutralize  intraluminal  stages  of  the  parasite.
Whether  these  antibodies  would  be  effective  against

intracellular  developmental  stages  in  which  the
parasite   is   covered   by   host   membranes   is
unknown[1].
        Experimental   studies   using   immunocompr-
omised  SCID  mice  and  nude  mice  have  shown  that
resolution  of  a  C.  parvum  infection  requires  B  and/
or   T   lymphocytes[12].   The   identification   of
cryptosporidiosis   as   one   of   the   opportunistic
infections  affecting  individuals  with  AIDS  also
suggests  that  immunity  to  this  parasite  requires
CD4+  T  cells.  CD4+  T  cells  of  patients  with  AIDS
infected  with  C.  parvum  show  that  fulminant  and
persistent  disease  only  occurs  in  individuals  with
CD4+   counts < 50   cells/mm3.   Individuals   with
CD4+   T   counts  > 200   cells/mm3   display   only
transient  disease.  Individuals  with  CD4+  T  counts
<50  cells/mm3  have  an  increased  incidence  of
biliary    disease,    an    indicator    of    chronic
cryptosporidiosis,  and  a  decreased  survival  when
compared  to  those  individuals  with  higher  CD4+  T
cell  counts[9].  IFNγ  is  important  for  resistance  to
C.  parvum;  the  absence  of  this  cytokine  in  mice
with  a  targeted  disruption  of  the  IFNγ  gene  (gene
knockout )   results   in   uncontrolled   C.  parvum
infection[13].

Pathogenesis
Histological   changes   associated   with   intestinal
cryptosporidiosis  are  relatively  non-specific  and
include  blunting  of  villi,  hyperplasia  of  intestinal
crypt  cells,  and  infiltration  of  inflammatory  cells
into  the  luminal  propria.  Neutrophilic  infiltrate,
villus  blunting,  cryptitis,  epithelial  apoptosis  and
reactive  epi  thelial  changes  in  the  intestine  in  AIDS
patients  with  cryptosporidiosis  correlate  with  the
intensity   of   C.  parvum   infection[14].   Biliary
cryptospor  idiosis  is  also  associated  with  a  non-
specific   inflammatory   response.   Histologically,
there  is  a  periductal  inflammatory  response  with
interstitial   edema,   mixed   inflammatory   cell
infiltrates,  and  hyperplasia  and  dilatation  of  the
periductual  glands.  The  fibrosis  that  develops
around  the  portal  tracts  of  AIDS  patients  with
chronic  cryptosporidial  infection  can  mimic  the
histologic  changes  seen  in  primary  sclerosing
cholangitis.  Autopsy  reports  and  prospective  studies
have  supp  orted  an  etiologic  role  for  the  organism
in  biliary  syndromes  like  sclerosing  cholangitis  and
acalculous   cholecystitis[15,16].   However,   the
pathophysiol  ogical  mechanisms  underlying  C.
parvum  infection  of  intestinal  and  biliary  epithelia
are  not  well  understood,  and  at  present  our
understanding  of  the  pathogenesis  is  still  limited  to
data  from  animal  experimental  studies.
        The  process  by  which  C.  parvum  sporozoites
infect  epithelial  cells  consists  of  two  sequential
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steps:    attachment  of  sporozoites  to  the  plasma
membrane  of  epithelial  cells,  a  primary  event  in  the
initial  host-parasite  interaction  and  a  prerequisite
for  the  pathophysiological  consequences;  and  
invasion   of   sporozoites   into   host   cells   by
invagination  of  the  host  cell  plasma  membrane,
which  engulfs  and  eventually  completely  surrounds
the  sporozoite  to  form  a  parasitophorous  vacuole  in
which  the  organism  remains  intracellular  but
extracytoplasmic[17-19].  Electron  microscopy  has
confirmed  the  intracellular  but  extracytoplasmic
location  of  the  organism  within  a  parasitophorous
vacuole   formed   by   a   continuous   covering   of
microvillous  membranes,  and  nearly  all  endogenous
developmental  stages  of  C.  parvum  are  confined  to
the  apical  surface  of  epithelial  cells.  The  parasite
contains   a   unique   “attachment”   or   “feeder”
organelle  which  is  prominent  at  the  base  of  each
parasitophorous  vacuole.  Originally,  this  feeder
organelle  was  thought  to  be  formed  by  repeated
folding   of   parasite   and   host   epithelial   cell
membranes.  However,  recent  electron  microscopic
studies  showed  that  the  dense  band  of  feeder
organelle  underlying  the  parasite  attachment  site
represents  modified  host  cell  cytoskeleton.  This
organelle  is  thought  to  facilitate  the  uptake   of
nutrients  by  the  parasite  from  the  host  cell.
        C.  parvum  displays  a  clear  predilection  to
infect  only  certain  sites   within   the   host.   The
parasite  usually  infects  epithelia  in  the  intestine,
respiratory  tract  and  bile  ducts.  In  the  human
intestine,  the  stomach  is  rarely  infected,  and  the
upper  small  bowel,  colon,  and  rectum  are  less
affected  than  the  mid  small  bowel[1].  Several  cell
lines  from  human  or  animal  intestine  are  sensitive  to
C.    parvum-infection    in    vitro,    but    the
susceptibilities  of  those  cells  to  infection  differ[20].
Sporozoites  attach  to  the  cultured  host  cells  by  their
anterior  pole  and  attachment  is  dose,  time,  ion,  pH
and  host  cell-cycle  dependent,  and  is  inhibitable  by
antibodies  against  antigens  on  the  sporozoite  surface
membrane[21,22].  Recently,  we  developed  an  in
vitro   system   of   biliary   cryptosporidiosis,   and
demonstrated  that  the  infection  is  both  apical
plasma  membrane  and  liver  cell  specific  (i.e.,  C.
parvum   can   infect   bile   duct   cells   but   not
hepatocytes  in  vitro)[19].  These  characteristics
suggested  specific  molecules  on  the  surface  of  both
epithelial   cells   and   C.  parvum   sporozoites   are
involved  in  the  infection  process.  Previous  studies
did  demonstrate  the  presence  of  a  galactose-N-
acetylgalactosamine   (Gal-GalNAc)   specific   C.
parvum   sporozoite   surface   lectin   which   may
mediate    attachment    of    sporozoites    to    host
cells[22,23].  Moreover,  recent  reports  have  shown
that  C.  parvum  sporozoite  motility  depends  on  the
parasite  cytoskeleton,  and  host  cell  cytoskeleton

rearrangement  might  be  involved  in  the  biogenesis
of  parasitophorous  vacuoles[19].  Nevertheless,  the
molecular  mechanisms  and  specific  molecules
involved  in  the  initial  interaction  between  C.
parvum  sporozoites  and  epithelial  cells  remain
obscure.  Moreover,  essentially  nothing  is  known
about  how  the  organism  actually  invades  cells  and
forms   a   parasitophorous   vacuole,   a   complex
organelle  on  which  the  life  cycle  and  possibly  the
cytotoxicity  of  the  organism  is  dependent.  Based  on
our  observations  on  the  interaction  of  C.  parvum
with  intestinal  and  biliary  epithelial  cells  in  vitro,
we  propose  a  molecular  model  for  C.  parvum
infection  of  epithelial  cells  shown  in  Figure  2.
        When  microbes  interact  with  host  cells,  the
result  is  generally  host  cell  dysfunction.  Recent  data
in  a  variety  of  tissues  infected  with  either  parasite
(such  as  Entamoeba  histohytica,  Schistosoma
mansoni,  Trypanosoma  cruzi  and  Toxoplasma
gondii),  bacteria  or  viruses  are  consistent  with  the
concept  that  microbial  pathogens  can  kill  host  cells
by  an  apoptotic  mechanism.  Experimentally,  it  has
been  shown  that  C.  parvum  infection  of  intestinal
and  biliary  epithelial  cell  monolayers  results  in  a
functional  disruption  of  the  monolayers  and  release
of  LDH  from  the  cell  surface.  Epithelial  apoptosis
and  reactive  epithelial  changes  in  the  intestine  in
AIDS  patients  with  cryptosporidiosis  have  recently
been  shown  to  be  associated  with  C.  parvum
infection[14].  We  found  that  apoptosis  occurs  in  the
epithelial  cells  adjacent  to  C.  parvum-infected
biliary  epithelia  in  vivo  in  the  gallbladder  of  a
patient  with  AIDS  and  biliary  cry  ptosporidiosis[19].
More  recently,  we  found  that  C.  parvum  can
indu  ce  apoptosis  in  the  cultured  human  biliary
epithelia[19,24].   These   results   suggest   that   C.
parvum,  like  some  other  parasites,  is  directly
cytopathic   for   epithelia   via   an   apoptotic
mechanism,  a  mechanism  which  is  believed  critical
in  liver  diseases  like  primary  biliary  cirrhosis,
primary  sclerosing  cholangit  is,  and  hepatitis[25].
        Release  of  cytokines  and  chemokine  plays  a
critical  role  in  the  inflammation  associated  with
microbial  infection.  Rapid  upregulation  of  the  C-X-
C  chemokine  fa  mily  was  found  in  human  intestinal
epithelial  cells  infected  with  gram-negative  or  gram-
positive  bacteria.  In  an  in  vitro  model  of  intestinal
cryptosporid  iosis,  C.  parvum  induces  IL-8  release
from      infected     intestinal     epithelial     cell
monolayers[26].    Release    of    cytokines    and
chemokines  like  IL-8  could  be  involved  in  the
pathogenesis  of  inflammation  in  cryptosporidiosis.
However,  little  is  known  about  the  early  events
following  host-parasite  interactions  that  influence
the  course  of  cytokine  and  chemokine  upregulation
and  release.
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Figure1 Prevalence of IgG antibodies to C. parvum in different
populations from Brazil, China and the United States.  M =
month. D ata reproduced from reference 3 with perission.

Figure2 Molecular model for C. parvum infection of epithelial cells.
C. parvum sporozoite attaches specifically to the apic al membrane
surface of epithelial cells. The attachment induces rearrangement
of the host cell cytoskeleton and facilitates the parasite’s invasion
and parasit ophorous vacuole formation. Host cell cytoskeleton
rearrangement forms the feede r organelle underlying the parasite
attachment site and facilitates the uptake o f nutrients by the
parasite from the host cell cytoplasm.

CLINICAL  MANIFESTATIONS  AND  DIAGNOSIS
Clinical  manifestations
The  most  common  clinical  manifestation  of
cryptosporidiosis    is    diarrhea,    characteristically
profuse  and  watery  and  often  containing  mucus  but
rarely  blood  or  leucocytes.  Other  clinical  signs
observed  include  abdominal  cramps,  low  grade
fever,  nausea  and  vomiting[10].  The  duration  and
severity  of  clinical  symptoms  depend  largely  on  the
immune  status  of  the  infected  individual.  In
immunocompetent  individuals,  the  disease  is  usually
self-limited.  After  an  incubation  period  of  7-10
days,  >90%  of  infected  cases  present  with  watery
diarrhea  lasting  approximately  2  weeks,  50%
present  with  nausea,  vomiting  and  cramp-like
abdominal  pain  and  36%  present  with  a  febrile
illness.  In  immunocompromised  individuals,  the
disease  is  much  more  severe.  In  HIV-infected
patients,  the  disease  severity  is  related  to  the  site  of

C.  parvum  infection  and  CD4+  cell  count[27].  The
diarrhea  is  watery  and  stool  frequency  can  be  up  to
10  times  a  day  with  a  mean  volume  of  one  litter.
Individuals  with  AIDS  infected  with  C.  parvum  can
experience  a  10%  drop  in  body  weight,  and  usually
develop  severe  malabsorption.  Most  of  them  never
clear  the  infection,  and  ultimately  have  a  shorter
survival     than     AIDS     patients     without
cryptosporidiosis[28].
        AIDS  patients  infected  with  C.  parvum  also
develop  extraintestinal  disease,  most  frequently  of
the  biliary  tract[29].  Biliary  cryptosporidiosis  has
only  recently  been  recognized  as  a  clinical  entity,
and  is  even  less  understood  than  the  intestinal  form
of  the  disease.  Although  a  number  of  pathogens
account  for  opportunistic  biliary  tract  infections  in
AIDS  patients,  C.  parvum   is   the   single   most
common  identifiable  pathogen  and  is  found  in  20%-
65%   of   the   patients   with   so-called   AIDS-
cholangiopathy[9].  These  patients  often  have  right
upper  quadrant  pain,  nausea,  vomiting,  fever  and
biochemical  evidence  of  cholestasis.  Strictures,
narrowing  and  irregularities  of  the  intrahepatic  bile
duct  s,  with  dilatation  of  the  common  hepatic  and
common  bile  ducts  and  the  thickening  of  the  ductal
walls,  are  often  found  by  noninvasive  and  invasive
imaging  studies[30].

Diagnosis
Indirect  methods  of  diagnosing  cryptosporidosis  (by
comparative    symptomatology    or    clinical
parameters)  have  proven  unsatisfactory.  Serological
studies  also  have  no  place  in  diagnosis  as  many
healthy  individuals  already  have  antibodies.  At
present,   most   cryptosporidial   infections   are
diagnosed  by  the  microscopic  examination  of  host
faecal  material  for  the  presence  of  C.  parvum
oocysts.  Experimental  studies  have  shown  that
oocyst  excretion  coincides  well  with  the  onset  and
duration  of  most  clinical  signs  of  disease.  Most
asymptomatic  individuals  can  be  screened  to  detect
subclinical  infections  and  even  water  samples  can  be
examined  for  contamination  by  oocysts.  C.  parvum
oocysts  are  much  smaller  than  those  of  other
coccidian  parasites,  and  they  differ  in  many  of  their
staining  and  buoyancy  characteristics.  Thus,  most
conventional  coprological  techniques  used  in
parasitology  and  microbiology  laboratories  are  not
entirely    suitable   for   their   detection.   Many
specialized  staining  procedures  have  been  described
to   stain   the   oocysts   and   differential   staining
techniques  are  more  desirable  to  avoid  confusion.
The  technique  of  choice  for  many  diagnostic
laboratories  has  been  acid-fast  staining.  Oocysts
stain  bright  red  whereas  yeast,  bacteria  and  other
faecal  debris  only  take  up  the  counterstain.  Several
immunolabelling   techniques   have   also   been
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developed  to  detect  oocysts.  Both  polyclonal  rabbit
antisera  and  monoclonal  antibodies  have  been  used
to  detect  C.  parvum  oocysts  in  faecal  and  water
samples   by   immunofluorescence   and   several
diagnostic    test    kits    are    now    commercially
available[19,31,32].
      When    biliary    disease    is    suspected,
ultrasonography   is   the   best   initial   diagnostic
method.  It  will  be  suggestive  in  most  cases  by
identifying  biliary  ductal  wall  thickening  and/or
gallbladder   dilation   or   both.   Computerized
tomography  might  also  be  helpful.  However,  the
most  sensitive  method  to  diagnose  biliary  tract
disease  in  HIV-infected  patients  is  endoscopic
retrograde   cholangiopancreatography   ( ERCP )[30].
If  biliary  disease  is  highly  suspected  and  the  patient
has  normal  ultrasonography,  ERCP  should  be
performed.  However,  ERCP  is  not  recommended  to
work-up     suspected     asymptomatic     AIDS-
cholangiopathy.  The  cholangiographic  a  ppearance
of  AIDS  cholangiopathy  is  quite  variable  and  has
been      described      in      different      ways.
Characteristically,  the  biliary  tree  appears  irregular
and  distorted  with  focal  dilation  and  narrowing  in
the  intrahepatic  and/or  extrahepatic  biliary  tree.
The  most  common  cholangiographic  pattern  is
papillary  stenosis  associated  with  intrahepatic
sclerosing     cholangitis,     which     occurs     in
approximately    50% - 60%    of    patients[30,33,34].
Although  occasionally  diagnostic,  percuta  neous  liver
biopsy  is  rarely  helpful  and  thus  plays  no  role  in  the
diagnosis  of  AIDS-cholangiopathy.  Serum  alkaline
phosphatase  is  the  most  commonly  elevated  liver
biochemical  test  with  mean  values  in  most  series  of
700 IU/L-800 IU/L.     Mild     increases     in
aminotransferases  are  common  with  values  ranging
from  65  to  123 IU/L,  whereas  hyperbilirubinemia  is
distinctly  uncommon[30].

THERAPY  AND  PREVENTION
Therapy
At   present,   there   is   no   effective   antimicrobial
treatment  available  for  cryptosporidiosis  in  man  or
animals.  Gererally,  immunocompetent  individuals
need  no  specific  therapy.  Supportive  care  with  oral
or  intravenous  fluids  and  electrolyte  replacement  is
beneficial    in    alleviating    the    dehydration
accompanying  acute  diarrhea  while  awaiting
spontaneous   recovery.   In   children,   however,
spiramycin  may  shorten  the  duration  of  oocyst
excretion  and  diarrhea,  although  conflicting  results
have  been  obtained[35,36].  In  AIDS  patients  without
antiretroviral  therapy,  AZT  therapy  should  be
started.  In  these  patients,  a  relationship  between
disease   severity   and   CD4+   count   has   been
documented.  Paromomycin  is  the  only  agent  so  far

that  has  been  found  to  have  efficacy  in  animals  and
humans    in    the    treatment    of    intestinal
crytosporidiosis[37-39].   It   is   an   aminoglycoside
anti  biotic  that  is  not  significantly  absorbed  when
given  orally  and  is  used  for  intestinal  amoebiasis.  In
most  studies,  including  a  double  blind  trial,  there
was    a    good    clinical    and    parasitological
response[37-40].  However,  after  discon  tinuation  of
treatment,  many  patients  relapse.  In  a  well-
documented  study,  paromomycin,  500 mg  4  times
daily  for  4  weeks  and  maintenance  therapy  of
500mg  twice  daily,  was  used[41].
         Therapy  of  biliary  cryptosporidiosis  in  AIDS-
cholangiopathy   is   primarily   endoscopic[30].   For
those  patients  with  abdominal  pain  or  cholangitis
associated   with   papillary   stenosis,   endoscopic
sphincterotomy  may  provide  striking  symptomatic
relief  as  it  facilitates  drainage  and  decompression  of
the   biliary   system.   Although   survival   is   not
prolonged,  sphincterotomy  may  help  improve  the
quality  of  life  for  those  with  papillary  stenosis  and
pain.  There  is  no  evidence  that  sphincterotomy  is
beneficial  for  sclerosing  cholangitis  in  the  absence
of  papill  ary  stenosis  and  CBD  dilation,  or  in
asymptomatic  patients  and  it  may  be  associated  with
a  higher  complication  rate.  Patients  with  diffuse
intra-  and  extrahepatic  sclerosing  cholangitis  alone
have  few  specific  treatment  options.  Paramomycin
is  not  effective  in  biliary  cryptosporidiosis  in  AIDS-
cholangiopathy[40].

Prevention
Since  therapy  remains  difficult,  prevention  of  the
disease  is  critical.  C.  parvum  infections  are
contracted  by  the  ingestion  or  inhalation  of  oocysts,
and  therefore  effective control  measures  must aim  to
reduce  or  prevent  oocyst  transmission.  C.  parvum
have  been  proven  remarkably  resistant  to  chemical
disinfection.  Many  commercial  disinfectants  (based
on   aldehyde,   ammonia,   alcohol,   chlorine   or
alkaline  compounds)  are  ineffective  when  used
according  to  the  manufacturers’  instructions  and
most  conventional  methods  of  water  treatment  do
not  effectively  remove  or  kill  all  the  oocysts  from
contaminated  water[1].  Many  recommendations
have  been  made  for  the  prevention  and  control  of
infections  in  specific  locations;  such  as  hospitals,
laboratories,   and   day   care   centers.   These
recommendations    have    basically    involved
managerial  practices  designed  to  minimize  further
host  contact  with  sources  of  infection.  Isolation  of
infected  individuals,  careful  handing  and  disposal  of
biohazardous  waste,  and  heat  treatment  (boiling)  of
suspect  contaminated  water  before  consumption  are
helpful.
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