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A B S T R A C T

Thi s  s t ud y  ai me d  t o e v aluat e ,  b y  me ans  of ar t i c i al fe e d i ng ,  t he  i nt e r ac t i on b e t w e e n a p at hog e ni c  r i c ke t t s i a andfi

t he  har d  t i c k .  W e  us e d  p ar t i ally  e ng or g e d  fe male s  fe d  on c alv e s  fr e e  of s p p .  Gr oup  1  ( G1 ) ,R .  m i c r op lu s R i c ke t t s i a  

c ont ai ni ng  2 0  t i c ks ,  w as  fe d  b ov i ne  b lood  only .  Gr oup  2  ( G2 ) ,  c ont ai ni ng  2 0  t i c ks ,  w as  fe d  b lood  c ont ai ni ng

uni nfe c t e d  VE R O c e lls ,  and  g r oup  3  ( G3 ) ,  c ont ai ni ng  4 0  t i c ks ,  w as  fe d  b lood  c ont ai ni ng  VE R O c e lls  i nfe c t e d  w i t h

R i c ke t t s i a  p a r ke r i .  Bi olog i c al p ar ame t e r s  of t he  non-p ar as i t i c  p has e  and  a p os s i b le  b ac t e r i al t r ans mi s s i on t o t he

t i c k e g g s  and  t o g ui ne a p i g s  w e r e  e v aluat e d .  A t  t he  e nd  of ov i p os i t i on,  all G3  fe male s  w e r e  P C R -p os i t i v e  for  g e ne s

s p e c i c  for  t he  g e nus  .  A lt houg h no g ui ne a p i g s  w e r e  i nfe c t e d ,  t he  e xp e r i me nt al i nfe c t i on of fi R i c ke t t s i a R .  m i -

c r op lu s  R .  p a r ke r i  b y  c aus e d  a d e le t e r i ous  e e c t  on t he  ov i p os i t i on and  p r ov i d e d  t he  r s t  r e p or t  of t r ans ov ar i anff fi

t r ans mi s s i on of r i c ke t t s i a i n t hi s  t i c k.

1 . I ntrodu c ti on

Rhipicephalus micro plus i s a one-host ti ck  that can be found  wor ld -

wi d e i n subtr op i cal and  tr op i cal r egi ons.  I t i s consi d er ed  to be the most

i mp or tant ti ck  p ar asi te of li vestock  i n the wor ld  ( ).Estr ad a-Pena,  2 0 0 8

The ti ck  i s fr equently  found  i n r egi ons wher eRhipicephalus micro plus 

sp otted  fever  i s end emi c,  and  i n some cases,  i t i s r evealed  by  p oly -

mer ase chai n r eacti on (PCR ) to be i nfected  wi th p athogeni c r i ck ettsi ae

( ).Mour a-Mar ti ni ano et al. ,  2 0 1 4

I n South A mer i ca,  was r st d etected  i n Rickettsia parkeri fi A mblyo mma

triste ti ck s i n Ur uguay  ( ).  A ccor d i ng to the author s,Venzal et al. ,  2 0 0 4

ther e was an ep i d emi ologi cal associ ati on between thi s nd i ng and  afi

r ep or ted  case of human r i ck ettsi al d i sease.

I t i s p ossi ble that the acqui si ti on of p athogeni c r i ck ettsi a by  R.  mi-

cro plus may  occur  thr ough i nfecti on mechani sms such as co-feed i ng

wi th an i nfected  ti ck  and  by  feed i ng on a r i ck ettsi emi c host

( ).  Thus,  the ai m of thi s stud y  was to evaluate,Socolovschi  et al. ,  2 0 0 9

by  means of ar ti ci al feed i ng,  the i nter acti on between a p athogeni cfi 

r i ck ettsi a and  the ti ck  usi ng the bacter i um as aR.  micro plus R.  parkeri 

mod el.

2 . M ateri al s  and methods

For  acqui si ti on feed i ng,  r st-gener ati on p athogen-fr ee lar valfi

p r ogeny  (1  p ool of 2  g) wer e allowed  to feed  on p athogen-fr ee d ai r y≈

cattle ( sp p . ,  sp p .  and  sp p . ).  O n the 2 1  stBabesia A n aplasma Rickettsia 

d ay  p ost-i nfestati on,  p ar ti ally  engor ged  female ti ck s wer e car efully

d etached  fr om the sk i n of the cattle by  hand .

A  fr ozen stock  of the A t2 4  str ai n of (2 2 th p assage) wasR.  parkeri 

obtai ned .  The r i ck ettsi al str ai n was thawed  and  i noculated  i nto a

7 5  cm 2
flask  contai ni ng a monolay er  of Ver o cells.  W hen the monolay er

was close to 1 0 0 % i nfected ,  i t was har vested  and  centr i fuged  at

6 0 0 0  × for  1 0  mi n.  The sup er natant (DMEM med i um) was com-g 

p letely  r emoved ,  and  the p ellets wer e used  to p r ep ar e a fr esh homo-

genate i n d ai r y  cattle blood  at a concentr ati on of ≈2 × 1 0 6 cells/ml for

ar ti ci al feed i ng.fi

The ti ck s wer e i nfected  usi ng an ar ti ci al feed i ng sy stem wi thfi

p lasti c ti p s,  as p r evi ously  d escr i bed  by  .R i bei r o et al.  (2 0 1 4 )

A  total of 8 0  p ar ti ally  engor ged  female ti ck s wei ghi ng 4 0–7 1  mg

wer e d i vi d ed  i nto 3  homogeneous wei ght gr oup s.  Gr oup  1  (G1 ) ti ck s

( = 2 0 ) wer e fed  wi th blood  only .  Gr oup  2  (G2 ) ti ck s ( 2 0 ) wer en  n =

fed  wi th blood  contai ni ng ≈2 × 1 0 6 uni nfected  Ver o cells/ml.  Gr oup  3

(G3 ) ti ck s ( = 4 0 ) wer e fed  wi th blood  contai ni ng n  ≈2 × 1 0 6 R par-.  

keri-i nfected  Ver o cells/ml.  A ll gr oup s wer e fed  for  1 2  h i n an i ncubator

wi th a contr olled  temp er atur e between 3 0  °C and  3 2  °C (8 6  °F −

8 9 . 6  °F) and  a r elati ve humi d i ty  of 8 0 9 0 %.  W or k  on the thr ee gr oup s–

was car r i ed  out at d i er ent ti mes to avoi d  contami nati on by  aer osols.ff

A t the end  of the ar ti ci al feed i ng p er i od s,  the females wer efi
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wei ghed  to check  thei r  blood  i ntak e and  later  p laced  i n Petr i  d i shes to

p er for m ovi p osi ti on.  Bi ologi cal p ar ameter s wer e then analy sed ,  i n-

clud i ng the p r e-lay i ng and  lay i ng p er i od s,  the egg mass and  nutr i ti onal

e ci ency ,  and  the r ep r od ucti ve e ci ency  i nd exes,  calculated  ac-ffi ffi

cor d i ng to and  .  The non-gai ni ngBennett (1 9 7 4 ) Melénd ez et al.  (1 9 9 8 )

ti ck s and  the wei ght gai ner s wi th ar ti ci al feed i ng wer e analy sed  se-fi

p ar ately  i n the thr ee stud y  gr oup s.  Dur i ng the non-p ar asi ti c p hase,  the

ti ck s wer e k ep t i n an i ncubator  at 2 7  ± 1  °C (8 0 . 6  °F) and  a r elati ve

humi d i ty  i nd ex of 8 0 9 0 %.  A fter  hatchi ng,  lar vae fr om half of the G2–

and  G3  p ools wer e p r eser ved  i n R NA  L ater
®

at 2 0  °C ( 4  °F) unti l DNA− –

was extr acted  for  evaluati ng tr ansovar i al tr ansmi ssi on;  the other  half of

the lar vae wer e used  for  gui nea p i g i nfestati on.  L ar val p ools of ap -

p r oxi mately  1 0 0  mg of eggs (combi ned  ovi p osi ti on of ve fi R.  micro plus

females) wer e ap p li ed  to each gui nea p i g (ad ult males ap p r oxi mately

9 0  d ay s old ).  Four  male gui nea p i gs r ecei ved  G3  lar vae,  and  one gui nea

p i g r ecei ved  G2  lar vae.  Ti ck  i nfestati on on gui nea p i gs was p er for med

i nsi d e whi te cotton sleeves (1 0 1 5  cm d i ameter ),  as p r evi ously  d e-–

scr i bed  by  .  R ectal temp er atur e was measur edL abr una et al.  (2 0 1 1 b)

d ai ly  fr om d ay  0  to d ay  2 0  p ost-i nfestati on (DPI ).  To d etect the p r esence

of anti - anti bod i es,  blood  samp les wer e collected  (4 5 th DPI )R.  parkeri 

and  tested  by  the i nd i r ect i mmuno uor escence assay  (I FA ),  accor d i ngfl

to ,  and  ad ap ted  usi ng a uor escent-li nk ed  anti -Hor ta et al.  (2 0 0 7 ) fl

Gui nea p i g anti bod y  (KPL
®

).

The exp er i ment was cond ucted  accor d i ng to the p r otocols of ethi cal

p r i nci p les ad op ted  by  the Co n selho  Nacio n al de Co n tro le de

E xperimen taç o  A n imal ã and  ap p r oved  by  the i nter nal ethi cal commi ttee

of the i nsti tuti on (und er  r ep or t number  0 6 2 /2 0 1 4 ).

DNA  was extr acted  fr om the ti ck s accor d i ng to McI ntosh et al.

(2 0 1 5 ).  For  ever y  2 0  i nd i vi d ual samp les,  a blank  tube was i nclud ed  i n

the DNA  extr acti on to ensur e that ther e was no contami nati on i n thi s

step .

DNA  samp les wer e i nd i vi d ually  p r ocessed  vi a PCR  assay  usi ng the

p r i mer s CS-7 8 /CS-3 2 3 ,  whi ch amp li fy  the r i ck ettsi al A  gene,  and  theglt

p r i mer s 1 9 0 . 7 0 p /R r 1 9 0 . 6 0 2 n,  whi ch amp li fy  the r i ck ettsi al ARr Omp

gene ( ).  PCR  mi xtur es and  ther mal cond i ti ons wer eL abr una et al. ,  2 0 0 4  

used  as p r evi ously  d escr i bed  by  .  O ne p osi ti veMcI ntosh et al.  (2 0 1 5 )

contr ol (DNA  fr om the str ai n NO D) and  two negati ve contr olsR.  parkeri 

(water ) wer e i nclud ed  for  each r eacti on.  A  PCR  p r od uct fr om one lar val

ti ck  p ool fr om a G3  i nfected  female und er went DNA  sequenci ng,  and

the r esultant sequence was comp ar ed  to GenBank  d ata by  Blast ana-

ly si s.

For  the stati sti cal analy si s of the bi ologi cal asp ects of the non-

p ar asi ti c p hase,  we used  the Tuk ey  test and  the Stud ent Newman Keuls– –

(SNK) test wi th a si gni cance level of 5 % to comp ar e means.fi

3 . R es u l ts

W ei ght gai n was obser ved  i n 6 0 % (1 2 /2 0 ) of the females i n G1

(Negati ve Blood ),  5 8 % (1 1 /1 9 ) i n G2  (Blood  + VER O  negati ve) and

5 5 % (2 2 /4 0 ) i n G3  (blood  + VER O  p osi ti ve).

The d etecti on of genes sp eci c for  sp p .  ( A  and  A )fi Rickettsia glt o mp

con r med  that all females ar ti ci ally  fed  wi th blood  + r e-fi fi R.  parkeri 

mai ned  i nfected  unti l the end  of the ovi p osi ti on (up  to ap p r oxi mately

2 0  d ay s).  The i nfected  females p r esented  a d ar k eni ng of the exosk eleton

fr om the second  p ost-feed i ng d ay .

The ovi p osi ti on r hy thm ( ) r evealed  that the p r esence of VER OFi g.  1

cells negati vely  i n uenced  blood  i ngesti on and  thus d i r ectly  a ectedfl ff

the amount of d ai ly  ovi p osi ti on.  I n contr ast,  i nfecti on causedR.  parkeri 

a d r op  i n the number  of eggs fr om the r st d ay  of lay i ng ( ).  Thefi Fi g.  1

vi abi li ty  of the eggs was negati vely  a ected ,  wi th the hatchi ng r ateff

bei ng ap p r oxi mately  8 0 % i n the i nfected  gr oup  but above 9 0 %,  on

aver age,  i n the contr ol gr oup .

Up on evaluati ng the bi ologi cal p ar ameter s,  i t was evi d ent that R.

parkeri i nfecti on caused  a d amagi ng e ect i n the non-p ar asi ti c p hase offf

R.  micro plus females ( ).  A naly si s of non-gai ni ng ti ck s and  wei ghtTable 1

gai ner s allowed  us to evaluate whether  ther e was any  d amage to ti ck s

caused  by  R. parkeri,  exclud i ng the i n uence of wei ght gai n.fl

A  total of 1 1  of the 2 0  p ools of lar vae tested  wer e p osi ti ve for  the

glt o mpA  and  A  genes.  None of the 1 0  p ools of lar vae fr om the G1  and  G2

gr oup s showed  p osi ti vi ty  for  the genes tested .  DNA  sequences wer e

successfully  obtai ned  fr om G3 -d er i ved  lar val ti ck s,  r esulti ng i n se-

quences that wer e 1 0 0 % i d enti cal to the cor r esp ond i ng sequence of R.

parkeri str ai n A t2 4  i n GenBank  (EF1 0 2 2 3 6 ).

R egar d i ng the i nfestati on of gui nea p i gs by  -i nfected  R.  parkeri R.

micro plus lar vae,  no gui nea p i gs p r esented  sy mp toms char acter i sti c of

r i ck ettsi osi s caused  by  ,  such as fever ,  scabs or  scr otal r eacti onR.  parkeri

(ed ema and  scr otal necr osi s),  and  none of the ve ani mals (G2  and  G3 )fi

wer e r eacti ve to I FA T.

4 . Di s c u s s i on

Thi s i s the r st exp er i mental stud y  that evaluates the bi ologi calfi

asp ects i nvolvi ng the har d  ti ck  and  a sp eci es of p athogeni cR.  micro plus 

r i ck ettsi a ( ).  Thi s was d one usi ng an ar ti ci al feed i ng tech-R.  parkeri fi

ni que.  The exp er i mental i nfecti on of ti ck s by  p athogeni c r i ck ettsi ae i s

usually  p er for med  usi ng a mammali an host suscep ti ble to amp li cati onfi

of the p athogen ( ).  The scar ci ty  of d ata fr om mammalsSak ai  et al. ,  2 0 1 4

amp li fy i ng mak es i t d i cult to car r y  out i nfecti ons of thi sR.  parkeri ffi

r i ck ettsi a i n ti ck s for  stud i es on thei r  i nter acti on wi th mammali an hosts.

I n ad d i ti on,  thi s sp eci es of monoxeno ti ck  i s extr emely  sp eci fic i n

choosi ng a host,  mak i ng i t even mor e d i cult to i nfect hosts that ar effi

not of i ts p r ed i lecti on.

The ti ck  has been found  i nfected  wi th aRhipicephalus micro plus 

r i ck ettsi ae sp eci es of the Sp otted  Fever  Gr oup  (Ber múd ez et al. ,  2 0 0 9 ;

Mour a-Mar ti ni ano et al. ,  2 0 1 4 ;  Pesquer a et al. ,  2 0 1 5 ).  To d ate,  the

i nvolvement of thi s ti ck  i n the ep i d emi ology  of r i ck ettsi ae has not been

well eluci d ated ,  but i t i s p ossi ble that the acqui si ti on of p athogeni c

r i ck ettsi a by  may  occur  thr ough i nfecti on mechani sms suchR.  micro plus 

as co-feed i ng wi th an i nfected  ti ck  and  by  feed i ng on a r i ck ettsi emi c

host ( ).Socolovschi  et al. ,  2 0 0 9

The str ai n used  i n the p r esent stud y  was i solated  fr om R.  parkeri A .

triste collected  fr om a ood ed  ar ea of the Pauli céi a-São Paulofl

F ig .  1.  Daily rate  of ov ip osition ob taine d  b y p artially e n-

g org e d  fe male s fe d  arti cially:Rh ipiceph a lu s m icroplu s fi

( ) with only b ov ine  b lood ;  ( ) with b ov ine  b lood■ ■— ♦ ♦…

ad d  uninfe cte d  V ERO ce lls;  and  (× ×) with b ov ine  b lood—

ad d  V ERO ce lls infe cte d  with .Rickettsia  pa rkeri

M. D .  C ord eiro et a l. Ticks and Tick-borne Diseases 9 (2018) 93–96
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Muni ci p ali ty  ( ).  I n these ar eas,  the Pantanal d eerSi lvei r a et al. ,  2 0 0 7

( ) has been i mp li cated  as the mai n host of theBlasto cerus dicho to mus

ad ult stage of thi s ti ck  ( ).  The d eerSzabó et al. ,  2 0 0 7 ;  Szabó et al. ,  2 0 0 3

usually  p astur es i n ar eas used  for  cattle br eed i ng and  thus i s fr equently

p ar asi ti zed  by  the ti ck  ( ).  Si mi lar ly ,  bo-R.  micro plus Szabó et al. ,  2 0 0 3

vi nes can also be p ar asi ti zed  by  the ti ck  ( ).  AA .  triste Venzal et al. ,  2 0 0 8

p ossi ble co-feed i ng of alongsi d e another  ti ck  i nfected  wi thR.  micro plus 

R.  parkeri i n a bovi ne or  even i n a d eer  may  cause thi s i nfecti on and  was

r ep r od uced  i n thi s stud y .in  vitro  

Thr ough the ar ti ci al feed i ng techni que,  i t was p ossi ble to i nfectfi

1 0 0 % of the p ar ti ally  engor ged  females after  an exp osur e p er i od  even i n

the females that d i d  not gai n wei ght.  andMacaluso et al.  (2 0 0 1 ) 

Macaluso et al.  (2 0 0 2 ) also used  thi s method ology  wi th cap i llar y  tubes.

Those author s i nfected  wi th Dermacen to r variabilis Rickettsia mo n tan a

and  .  However ,  i nstead  of blood ,  cultur e med i umRickettsia rhipicephali

was used ,  and  although i t i nfected  1 0 0 % of the females,  the i ngesti on

measur ed  by  was small (1 . 3 7  l on aver age).Macaluso et al.  (2 0 0 1 ) 

The bi ologi cal p ar ameter s ( ) i n thi s stud y  r evealed  that theTable 1

lay i ng p er i od ,  total wei ght of the ovi p osi ti on and  the r ep r od ucti ve ef-

fi ffci ency  i nd ex wer e a ected  by  i nfecti on i n .  Thi sR.  parkeri R.  micro plus

fact was evi d enced ,  mai nly  when only  the females that gai ned  wei ght

after  the ar ti ci al feed i ng wer e evaluated .  The d eleter i ous e ects offi ff

p athogeni c and  non-p athogeni c r i ck ettsi ae i n ti ck s has been r ep or ted

( ) and  i nd i cated  as aL abr una et al. ,  2 0 1 1 a;  Ni er i -Bastos et al. ,  2 0 1 3

p r i mor d i al factor  for  the low i nfecti on r ate among ar thr op od s

( ).Bur gd or fer  and  Br i nton,  1 9 7 5 ;  Pi nter  and  L abr una,  2 0 0 6

Unli k e the i nfecti on of ,  in  vitro  R.  micro plus Ni er i -Bastos et al.  (2 0 1 3 )

d i d  not obser ve any  stati sti cal d i er ences i n the total wei ght of the eggsff

or  i n the r ep r od ucti ve e ci ency  i nd ex between females natu-ffi A .  triste 

r ally  i nfected  and  females not i nfected  wi th .  O n the otherR.  parkeri

hand ,  the egg mass,  r ep r od ucti ve e ci ency  i nd ex and  egg hatchi ng r ateffi

of females i nfected  by  the A tlanti c For estA mblyo mma o vale R.  parkeri 

str ai n wer e lower  than those of non-i nfected  females (Kr awczak et al. ,

2 0 1 6 ).  I n thi s case,  i t cannot be conclud ed  that and  ti ck s ofR.  parkeri 

the genus d evelop ed  a p er fect sy mbi oti c r elati onshi p ,  orA mblyo mma 

that the i nfecti on i s p er manent and  mutually  bene ci al,  d esp i te thei rfi

long-ter m r elati onshi p .  However ,  the r elati onshi p  between R.  parkeri

and  these sp eci es ap p ear s to be old er  and  thus p ossi bly  less har mful

than thei r  r elati onshi p  wi th the ti ck  (R.  micro plus Socolovschi  et al. ,

2 0 0 9 ).

Tr ansovar i al tr ansmi ssi on i n ar ti ci ally  i nfected  ti ck s can be con-fi

si d er ed  an i mp or tant obser vati on i n thi s stud y .  Tr ansovar i al tr ansmi s-

si on of d i er ent r i ck ettsi al agents has been r ep or ted  i n many  ti ck  sp e-ff

ci es ( ).  A ccor d i ng to Socolovschi  et al. ,  2 0 0 9 Bur gd or fer  and  Br i nton

(1 9 7 5 ),  the tr ansovar i al i nfecti on i n female R.  rickettsii Dermacen to r

an derso n i ti ck s d ep end s d i r ectly  on the stage at whi ch the ti ck  becomes

i nfected  wi th the bacter i um;  when thi s occur s i n ad ulthood ,  the tr ans-

mi ssi on i s non-exi stent or  ver y  low because ther e i s not enough ti me to

coloni ze the ovar y  and  p enetr ate the oocy tes.  I n the p r esent stud y ,

however ,  the i nfecti on occur r ed  i n the nal p er i od  of ad ult feed i ng,  y etfi

ther e was tr ansmi ssi on of r i ck ettsi a by  p r ogeni tor s (1 1 /2 0 ) to thei r

p r ogeni es.

The choi ce to use gui nea p i gs was d ue to the p ossi bi li ty  of a classi c

sy mp tomatology  of i nfecti on,  as obser ved  by  .R.  parkeri God d ar d  (2 0 0 3 )

A lthough tr ansovar i al tr ansmi ssi on occur r ed ,  i t was not p ossi ble to

obser ve a hor i zontal tr ansmi ssi on of by  lar vae toR.  parkeri R.  micro plus 

gui nea p i gs.  The sp eci es p r efer s bovi nes as thei r  host.  De-R.  micro plus 

sp i te the hi gh d egr ee of sp eci ci ty ,  thi s sp eci es i s able to use alter nati vefi

hosts,  i nclud i ng humans,  when necessar y  ( ).  How-Soar es et al. ,  2 0 0 7

ever ,  we cannot conclud e that lack s vector  comp etence toR.  micro plus 

tr ansmi t ,  si nce gui nea p i gs ap p ar ently  d i d  not p r esentR.  parkeri

themselves as good  hosts for  the ti ck .  New stud i es shouldR.  micro plus 

be p er for med  usi ng bovi nes as an exp er i mental mod el.
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