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Abstract  This  study  investigates  the efficacy  of  spray-dried  Lactiplantibacillus  plantarum
CIDCA 83114  in a  murine  model  of  giardiasis.  Mice  (C57BL/6)  were  divided  into  four  groups:
control, Giardia-only,  probiotic-only,  and  a  combined  (probiotic  +  Giardia, PG)  group.  Probiotic
treatment  started  one  week  pre-infection  with  Giardia  intestinalis  H7  and  continued  throughout
the study.  Infection  was  monitored  through  trophozoite  counts,  intestinal  histology,  cytokine
expression  and  microbiome  analysis.  Histology  revealed  that  the  administration  of  strain  CIDCA
83114  prior  to  infection,  increases  villus/crypt  ratios  compared  with  control  infected  animals.
In addition,  trophozoite  counts  in  the  small  intestine  were  lower  in probiotic-treated  mice  than
in infected  control  animals.  Probiotic-treated  infected  mice showed  significantly  higher  IL-10
expression  than  untreated  controls.  Expression  of  the IL-12  gene  was  diminished  in  animals
administered  with  strain  CIDCA  83114  (both  infected  and  non-infected  with  Giardia).  In  addi-
tion, Giardia  infection  led  to  a  decrease  in  IFN-g  expression,  even  when  the  probiotic-treated
animals.  Expression  of  TNF-a  increased  in the  groups  treated  only  with  strain  CIDCA  83114
and in infected  animals.  Notably,  the  PG  group  exhibited  lower  values  of  TNF-a expression,
potentially due  to  the  elevated  IL-10  levels  detected  in this  group.  Dysbiosis  associated  with
Giardia infection  led  to  an  increase  in Epsilonproteobacteria  and  Clostridium.  These  changes
were abrogated  in the group  that  received  the  probiotic  strain,  which,  as expected,  showed  an
increase in  Lactobacillaceae.  This  study  demonstrates  that  spray-dried  probiotic  L.  plantarum
CIDCA 83114  has  a  positive  impact  on  key  aspects  of  Giardia  infection,  supporting  its  potential
as a  preventive  or  therapeutic  strategy  for  giardiasis.
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Impacto  de  Lactiplantibacillus  plantarum  CIDCA  83114  secado  por spray  en  un
modelo  murino  de giardiasis

Resumen  Se  estudió  la  eficacia  de Lactiplantibacillus  plantarum  CIDCA  83114  secado  por
spray en  un modelo  de giardiasis.  Ratones  (C57BL/6)  se  dividieron  en  cuatro  grupos:  control,
Giardia, probiótico  y  combinado  (probiótico  +  Giardia, PG).  El tratamiento  probiótico  comenzó
una semana  antes  de la  infección  con  Giardia  intestinalis  H7  y  continuó  durante  todo el estudio.
Se evaluaron  el  recuento  de trofozoítos,  histología  intestinal,  expresión  de  citoquinas  y  micro-
biota intestinal.  La  histología  mostró  que  la  administración  de la  cepa  CIDCA  83114  aumenta
la relación  vellosidad/cripta  en  comparación  con  animales  infectados  control.  Además,  los
recuentos de  trofozoítos  fueron  menores  en  ratones  tratados  con  el  probiótico  que  en  con-
troles infectados.  Los ratones  del  grupo  PG  presentaron  una  mayor  expresión  de  IL-10  que  los
controles  no tratados.  La  expresión  de IL-12  disminuyó  en  animales  que  recibieron  el  probiótico,
tanto infectados  como  no infectados.  La  infección  disminuyó  la  expresión  de  IFN-g, incluso  en
el grupo  PG.  La  expresión  de  TNF-a aumentó  en  los  grupos  tratados  sólo  con  la  cepa  CIDCA
83114  y  en  los  animales  infectados;  sin  embargo,  el grupo  PG  mostró  valores  más bajos,  posi-
blemente  debido  a  los  elevados  niveles  de IL-10.  La  disbiosis  asociada  a  la  infección  por  Giardia
produjo un  aumento  de  Epsilonproteobacteria  y  Clostridium,  cambios  que  se  revirtieron  en
el grupo  tratado  con  el  probiótico,  que  mostró  un  incremento  de Lactobacillaceae.  Los  resul-
tados demuestran  que  L.  plantarum  CIDCA  83114  secado  por  spray  impacta  positivamente  en
aspectos clave  de  la  infección  por  Giardia,  avalando  su  potencial  como  estrategia  preventiva  o
terapéutica para  la  giardiasis.
©  2026  Los  Autores.  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  Asociación  Argentina
de Microbioloǵıa.  Este  es  un  art́ıculo  Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure  1  Quantification  of  viable  trophozoites  in the  intestine  3 (A)  and  7  days  (B)  after  infection.  G:  infected  with  Giardia
intestinalis strain  H7;  PG:  consumed  the  spray-dried  probiotic  strain  and  were  infected  with  Giardia  intestinalis  strain  H7.  The
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t-infection,  the  effect  size  was  moderate  (Cohen’s

 These  findings  suggest  that  the  intervention  asso-
ith  group  PG  may  have  contributed  to  the  reduction
phozoite  burden  in the small  intestine.
gh  trophozoites  were  present  in the animals

ered  with  the spray-dried  probiotic  strain  CIDCA
 7  days  post-infection,  the mucosa  of  the proximal

 the intestine  of  mice  that consumed  the probi-
in  and  were  infected  with  Giardia  showed  longer

 consequently,  higher  villus/crypt  ratio  (Fig.  2C)
d  with  the  group  infected  with  Giardia  and not
ered  with  the  probiotic  strain  (Fig.  2D).  Indeed,

t  ratios  were  2.1  ±  1.0  and  3.0  ±  1.0 for groups

 respectively  (p <  0.05).  On  the  other  hand,  the
f  the  proximal  region  of  the  intestine  of  animals
umed  only  the  spray-dried  probiotic  strain  did  not
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Figure  2  Hematoxylin---eosin  staining  of  histological  sections  of  the  small  intestine.  References  (A)  uninfected  control;  (B)  animals
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robiota  analysis  revealed  alterations  among  the
 study  groups.  Regarding  phyla  (Fig.  5),  Giardia

 (G group  was  observed  to increase  the  propor-
rmicutes  Clostridia, and  these  levels  were  restored

 administration  of  the  probiotic  (PG)  group.  Another
hat  increased  in  the  infected  animals  (group  G)  was
oteobacteria.  In this  case  as well,  in the group  that

 the  probiotic  preventively  and  was  then  infected
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 genus  level  (Fig.  6),  as  expected,  the  P  group
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 in the  group also  infected  with  Giardia  (group  PG).
s  Clostridium  was  higher  in the G  group,  which
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 to  levels  similar  to  those  of  the control  in the  PG
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Figure  3 Relative  expression  of  IL-10  (A)  and  IL-12  (B)  in  Peyer’s  patches  at day  7  post-infection.  References:  C:  uninfected
control; P: group  that  consumed  the probiotic  strain  only;  PG:  group  that  consumed  the  spray-dried  probiotic  strain  83114  and  were
infected with  Giardia  intestinalis  strain  H7;  and  G: group  infected  with  Giardia  intestinalis  strain  H7.  Results  represent  relative
expression with  respect  to  the  control  and  are averages  (n  =  3---5)  with  error  bars  representing  standard  errors.  Asterisks  indicate
statistical significance  (p  < 0.05)  as  compared  with  the  control  (RE  =  1).

Figure  4  Relative  expression  of  IFN-g  (A)  and  TNF-a  (B)  measured  in Peyer’s  patches  at  day  7 post-infection.  References:  C:
uninfected control;  P: group  that  consumed  the  probiotic  strain  only;  PG:  group  that  received  the consumed  spray-dried  probiotic
strain 83114  and  was  infected  with  Giardia  intestinalis  strain  H7;  and  G:  group  infected  with  Giardia  intestinalis  strain  H7.  Results
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Figure  5 Relative  abundance  of  different  bacterial  phyla  present  in  the  feces  of  mice  at  day  7  post-infection.  References:  C:
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ere  symptoms  after  Giardia  infection13.  Notably,



M.  Teijeiro,  G.L.  De Antoni,  M.A.  Golowczyc  et al.

Figure  6 Relative  abundance  of  different  bacterial  genera  present  in  the  feces  of  mice  at  day  7 post-infection.  References:  C:
uninfected control;  P:  group  that  consumed  the probiotic  strain  only;  PG:  group  that  consumed  the  spray-dried  probiotic  strain  83114
and was  i ted  
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 is  a lack  of  a  robust  inflammatory  response4.  Gia-
ction  can  lead  to  post-infection  effects  including
tion,  IBD  and  chronic  fatigue  syndrome.  Inter-
these  effects  correlate  with  imbalances  in  the

ta  and the relationship  between  giardiasis  and
 overgrowth  was  reported31. In the gerbil  model,
nt  of  the  epithelial  barrier  similar  to  bacterial

 and Crohn’s  disease  was  observed8,26, two  patholo-
ciated  to disbalances  of  the  intestinal  microbiota.  It

 demonstrated  that the  colonization  of  the murine
 by  Giardia  leads  to  dysbiosis  that  persists  during
.  This  imbalance  can  be  induced  by  the  parasite
sm  or  indirectly  through  the  host  response  induced
rasite.  Our  results  demonstrate  a  significant  mod-
of  the intestinal  microbiota  in mice  administered
-dried  strain  CIDCA 83114.  The  observed  increase
acillaceae  within  this  group  may  be attributed  to

irect  probiotic  administration  or  indirect  effects
 microbial  populations,  a  phenomenon  previously

 in studies  of  probiotic  administration9.
orthy,  Giardia  infection  modifies  both  abundance

rsity  of  the intestinal  microbiota3.  The  intestinal
l  community  of  both  human  and  mice  is  dominated
%)  by  the  phyla  Firmicutes  and Bacteroidetes2,32,
Proteobacteria,  Actinobacteria  and  Verrucomicro-
ess  abundant.  The  phylum  Bacteroidetes  includes
ulating  anaerobic  Gram-negative  bacteria  (e.g.
es  fragilis). Another  phylum,  Actinobacteria,

anaerobic  non-sporulating  bacilli  such  as  Bifidobac-
a group  of  potentially  probiotic  microorganisms
Proteobacteria  includes  genera  such as Escherichia,
a,  Enterobacter,  Escherichia, Burkholderia, or  Cit-
,  whose  members  are ubiquitous  inhabitants  of  the
l  tract  of  vertebrates5.
icted  in Figure  5, Giardia  infection  led  to  a micro-

balance  that  encompasses  a  decrease  in the  ratio
roidetes  and  an  increase  in Firmicutes  (mainly
les).  Furthermore,  alpha  Proteobacteria,  a phylum

 proportion  of  potentially  pathogenic  microorgan-
.  Shigella,  Desulfovibrio  and  Escherichia) are  also

 in Giardia  infected  animals.
known  that  disbalances  in the intestinal  micro-

 associated  to  pathologies  of  the gastrointestinal
 this context,  inflammatory  bowel disease  (IBD),

 Crohn’s  disease  and  ulcerative  colitis  as  clinical
ations,  correlated  with  well-defined  patterns  of
tinal  microbiota  which  allows  for  clear  differentia-

 healthy  individuals38.  As  expected,  in the  present
e  administration  of  a  L.  plantarum  strain  led to an
in the ratio of  Lactobacilli.  In addition,  a  decrease
idia  and an increase  in  Akkermansia  were  also
.  It  should  be  noted  that  Akkermansia  muciniphila
ted  with  the maintenance  of  the intestinal  barrier
he modulation  of  the  mucosal  functions15.  Interest-

 G  group  also  increased  the  ratio  of  Akkermansia,
this  genus  was  similar  to  that  in the  control  animals

 group.
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at  received  the  spray-dried  probiotic  strain),  mice
g  to  the G group  (infected  and  non-treated  with
rum) revealed  higher  ratios  of  Clostridia  and  Pro-
ria  (mainly  Epsilonproteobacteria,  that includes
athogens  such  as  Helicobacter  pylori  and  Campy-

spp.),  two  groups  related  to  gastrointestinal
 Interestingly,  mice  administered  the  L.  plantarum
CA  83114 showed  decreases  in  both  Clostridia  and
oteobacteria  compared  with  the control  of Giardia

 (G  group).  Of  note,  the abundance  of  Epsilonpro-
ria  was  similar  in the untreated  controls  (C group)
dia-infected  controls  (G  group).  However,  it  is  not
to  ensure  that  the distribution  of  species  and strains
al  between  the  two  groups  and,  therefore,  cau-
rranted  when interpreting  the microbiota  analysis

stingly,  the  P  group  showed  a decreased  ratio  of
uped  under  ‘‘others’’.  These  taxa  represent  less
of the  total  abundance  across  all  experimental
ig.  6). This  grouping  approach  helps  simplify  the

tion  of  data  by consolidating  low-abundance  taxa,
ay  individually  have  negligible  effects,  but  collec-
uld  contribute  to  the  overall  microbial  community
.  While  these  taxa  are not analyzed  in  detail  due

minimal  representation,  their  potential  ecological
uld  not be  dismissed,  as  they  may  still  influence  the
ity  structure,  metabolic  interactions,  or  even  host-
interactions  in subtle  ways.  Future  studies  could
he significance  of  these  low-abundance  taxa,  espe-
cases  where  shifts in microbial  populations  could
ctional  consequences.
sults  showed  that Giardia  infection  led to a dis-

of  the intestinal  microbiota  with  prevalence  of
anisms  associated  to  intestinal  pathology.  This

 could  impact  the  barrier  function,  facilitating
 translocation  and, in combination,  modifying  the

 the parasite  on  the  host.  Taken  together,  our  find-
est  that  the effects  of  Giardia  infection  are  beyond
ific  host-parasite  interaction  and  could  potentially

 other  pathologies28,47. The  administration  of  the
ed  L.  plantarum  CIDCA  83114 alleviates  Giardia-
ysbiosis  by  diminishing  the ratio  of  Clostridia  and
cteria.
eatment  with  strain  CIDCA  83114  followed  by  Giar-
tion  establishes  a  novel  host---microbiota  interaction
e.  This  modified  context  may  influence  the par-
fe  cycle  through  changes  in microbiota-derived
tes  affecting  Giardia  biology,  as  well  as  through  the
on  of  host  immune  responses  that  govern  the course
ion.
resent  study  demonstrates  in a  murine  model  that
-dried  CIDCA  83114 possesses  the  ability  to  inter-

 the life  cycle  of  G.  intestinalis. This  finding  not
lights  the potential  of  CIDCA  83114  as  an  alternative
ainst  this  pathogen  but  also  opens up  new  avenues
evelopment  of  probiotic  products  that  can  main-
r  efficacy  over extended  shelf-life  periods.  Such
ealth  and  preventing  infections.
 the preparation  of  this  work  the authors  used
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