
	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Ehrlichia	  ruminantium	  in	  Amblyomma	  hebraeum	  ticks	  and	  their	  infestation	  
on	  goats	  in	  the	  Mnisi	  area	  (Mpumalanga),	  South	  Africa:	  First	  year	  analysis	  

	  
By	  Barry	  de	  Sitter	  (3405222),	  February	  2015	  

	  
	  

	  
	   	   	   	   	   	   	   	   	  

	   	  
	  
	  
	  
	  
Department:	   Utrecht	  Centre	  for	  Tick-‐borne	  Diseases	  (UCTD),	  FAO	  Reference	  

Centre	  for	  Ticks	  and	  Tick-‐borne	  Diseases,	  Faculty	  of	  Veterinary	  
Medicine,	  Utrecht	  University,	  The	  Netherlands.	  

	  
Faculty	  supervisor:	   Prof.	  Dr.	  F.	  Jongejan	  (Email:	  F.Jongejan@uu.nl)	  

Utrecht	  Centre	  for	  Tick-‐borne	  Diseases	  (UCTD),	  FAO	  Reference	  
Centre	  for	  Ticks	  and	  Tick-‐borne	  Diseases,	  Faculty	  of	  Veterinary	  
Medicine,	  Utrecht	  University,	  The	  Netherlands	  and	  Department	  of	  
Veterinary	  Tropical	  Diseases,	  Faculty	  of	  Veterinary	  Science,	  University	  
of	  Pretoria,	  South	  Africa.	  

	  
External	  supervisor:	   Dr.	  H.	  Stoltsz	  (Email:	  Hein.Stoltsz@up.ac.za)	  

Department	  of	  Veterinary	  Tropical	  Diseases	  (DVTD),	  Faculty	  of	  
Veterinary	  Science,	  University	  of	  Pretoria,	  South	  Africa.	  

	  
	  
	  
	  
	   	  



	  

Ticks	  and	  tick-‐borne	  diseases	  surveillance	  |	  UCTD	  &	  DVTD	   2	  
	  

Abstract	  	  
	  
The	  obligate	  intracellular	  gram-‐negative	  rickettsia	  Ehrlichia	  ruminantium	   is	  the	  cause	  of	  heartwater.	  
Ticks	   of	   the	   genus	  Amblyomma	   are	   vectors	   of	   this	   disease	   in	   small	   and	   large	   ruminants	   in	   South	  
Africa.	  The	  main	  vector	  tick	  is	  Amblyomma	  hebraeum.	  This	  tick	  has	  a	  three-‐host	  life	  cycle	  consisting	  
of	  adults,	  nymphs	  and	  larvae.	  The	  relative	  abundance	  and	  seasonal	  dynamics	  of	  these	  ticks	  and	  the	  
prevalence	   of	   infection	   with	   E.	   ruminantium	   are	   important	   factors	   to	   take	   into	   perspective	   when	  
studying	  the	  epidemiology	  of	  heartwater.	  This	  study	  looked	  at	  these	  factors	  in	  four	  sampling	  periods	  
over	  a	  period	  of	  one	  year	   in	   the	  Mnisi	   area	   (Mpumalanga),	   South	  Africa.	   It	   showed	   that	   there	   is	  a	  
significant	   difference	   in	   the	   median	   of	   the	   mean	   burden	   of	   ticks	   per	   goat	   in	   June/July	   2013,	  
November	   2013,	  March/April	   2014	   and	   June/July	   2014.	   Adult	   ticks	   were	   predominant	   in	   summer	  
(November	  2013).	  Nymphs	  were	  the	  highest	  representatives	  of	  the	  different	  stages	  throughout	  the	  
year.	   E.	   ruminantium-‐infected	   nymphs	   were	   found	   during	   the	   whole	   year	   with	   no	   significant	  
difference	  between	  the	  four	  sampling	  periods.	  The	  infection	  rate	  of	  the	  nymphs	  varied	  from	  12%	  to	  
47%	  and	  the	  adult	   infection	  rate	  varied	  between	  the	  10%	  to	  25%.	  Larvae	  were	  not	   infected.	  These	  
data	  offer	  more	   insight	   in	   the	  epidemiology	  of	  heartwater	   in	   the	  area.	  The	  significant	  difference	   in	  
tick	  abundance	  over	  the	  year	  is	  important	  for	  subsequent	  control	  methods,	  as	  is	  the	  observation	  that	  
the	   infection	   rate	   is	   not	   different	   between	   the	   periods.	   These	   results	   show	   that	   the	   goats	   are	  
continuously	  challenged	  throughout	  the	  year	  with	  E.	  ruminantium	  and	  that	  their	  highest	  burden	  is	  in	  
winter.	   However	   to	   get	   a	   better	   understanding	   of	   the	   dynamics	   of	   this	   three-‐host	   tick	   and	   its	  
influence	  on	  the	  dynamics	  it	  is	  advised	  to	  have	  a	  closer	  look	  at	  the	  larval	  stage.	  This	  has	  two	  reasons.	  
First,	  the	  larval	  stage	  contributes	  to	  the	  infection	  rate	  of	  the	  next	  instar	  and	  secondly	  this	  stage	  could	  
give	  more	   insight	   in	   the	   infection	   rate	  with	  E.	   ruminantium	   in	  goats.	  Therefore,	   further	   research	   is	  
needed	  to	  continue	  the	  monitoring	  of	  the	  abundance	  and	  seasonal	  dynamics	  of	  A.	  hebraeum	  on	  the	  
goats	  in	  Mnisi	  (Mpumalanga),	  South	  Africa.	  	  	  	  	  	  	  	  	  	  	  	   	  
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Introduction	  
	  
The	  obligate	  intracellular	  gram-‐negative	  rickettsia	  Ehrlichia	  ruminantium	   is	  the	  cause	  of	  heartwater.	  
This	   disease	   affects	   among	   others	   small	   ruminants	   and	   domestic	   cattle	   (Allsopp,	   2010).	   These	  
animals	  play	  an	  important	  role	  in	  the	  economic	  and	  cultural	   lives	  of	  rural	  farming	  communities	  and	  
losses	  due	   to	   ticks	  and	   tick-‐borne	  diseases,	   for	  example	  heartwater,	  may	   lead	   to	  a	  decline	   in	   food	  
and	  income	  (Minjauw	  et	  al.,	  2003).	  	  

Ticks	  of	  the	  genus	  Amblyomma	  are	  the	  vectors	  of	  heartwater	  and	  in	  Southern	  Africa	  its	  main	  vector	  
tick	  is	  Amblyomma	  hebraeum	  (Allsopp,	  2010).	  A.	  hebraeum,	  known	  as	  the	  bont	  tick,	   is	  a	  three-‐host	  
tick	  consisting	  out	  of	  adult,	  nymphal	  and	  larval	  stages	  (figure	  1).	  This	  life	  cycle	  takes	  mostly	  up	  to	  one	  
year.	  All	  stages	  can	  become	  infected	  with	  E.	  ruminantium	  (Allsopp,	  2010).	  The	  adult	  male	  is	  attached	  
to	   a	   large	   ruminant,	   but	   also	   sheep	   and	   goats,	   for	   approximately	   6	   days	   and	   will	   then	   become	  
sexually	  active	  attracting	  female	  adults.	  The	  female	  will	  engorge	  within	  7-‐9	  days	  and	  after	  detaching	  
it	  will	  lay	  up	  to	  20.000	  eggs.	  These	  eggs	  hatch	  and	  larvae	  wait	  for	  their	  host	  on	  vegetation.	  Larvae	  will	  
attach	  to	  a	  host	  and	  engorge	  within	  7-‐14	  days,	  fall	  off	  and	  moult	  into	  nymphs.	  These	  nymphs	  actively	  
search	  again	  for	  a	  host	  attaching	  to	  feet,	  legs,	  groin,	  sternum	  and	  legs.	  Also	  the	  nymphs	  engorge	  in	  7-‐
14	  days	  and	  eventually	  fall	  off	  and	  moult	  into	  an	  adult.	  These	  adult	  A.	  hebraeum	  also	  actively	  search	  
for	  hosts.	  The	  tick	  species	  prefers	  savanna	  to	  steppe	  and	  requires	  moisture,	  warmth,	  brush	  and	  bush.	  
It	  is	  not	  expected	  to	  complete	  life	  cycles	  in	  open	  grassland.	  (Walker	  et	  al.,	  2003)	  	  

	  

Figure	  1:	  Life	  cycle	  A.	  hebraeum,	  modified	  from	  Socolovschi	  et	  al.,	  (2009)	  	  

Heartwater	  presents	   itself	   in	  different	   clinical	   forms,	  mostly	  depending	  on	   the	   susceptibility	  of	   the	  
animal	  and	  the	  virulence	  of	   the	  E.	   ruminantium	   isolates.	  The	  peracute	   form	  has	  a	  mortality	   rate	  of	  
100%.	   Clinical	   signs	   are	   high	   fever,	   terminal	   convulsions	   and	   death	   within	   1-‐2	   days.	   Animals	   that	  
never	  have	  encountered	  an	  infection	  with	  E.	  ruminantium	  are	  regarded	  as	  highly	  susceptible	  (Bekker	  
et	   al.,	   2001).	   The	   acute	   form	   is	  most	   frequently	   seen	   and	   results	   in	   febrile	   reactions	   and	   anorexia	  
followed	   by	   the	   nervous	   syndrome;	   ataxia,	   chewing	  movements,	   twitching	   of	   the	   eyelids,	   circling,	  
aggression,	  apparent	  blindness,	  pedaling	  movement	  while	  recumbent,	  and	  convulsions	  which	  lead	  to	  
death.	   In	   the	  acute	   form	  mortality	  can	   reach	  up	   to	  50-‐90%	   (Radostits	  et	  al.,	  2007).	  There	   is	  a	  mild	  
form,	  were	   clinical	   signs	   are	   less	   severe	   and	   is	  mainly	   thought	   to	  be	   seen	   in	   indigenous	  breeds	  of	  
cattle	  and	  small	  ruminants	  (Yunker,	  1996	  &	  Donkin	  et	  al.,	  1992).	  
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Evidence	  has	  been	  presented	  to	  demonstrate	   that	  heartwater	   is	  endemically	  stable	   in	  sub-‐Saharan	  
Africa	   (Deem	   et	   al.,	   1996).	   The	  Mnisi	   area	   is	   part	   of	   the	   sub-‐Saharan	   Africa	  where	   this	   study	  was	  
performed.	  Endemic	  stability	  is	  defined	  as	  a	  situation	  wherein	  the	  tick-‐host-‐pathogen	  relationship	  is	  
stable	  and	  as	  a	   result	  morbidity	  and	  mortality	  of	   the	  host	  population	   is	   low	  (Deem	  et	  al.,	  1996).	  In	  
other	  words,	  despite	  a	  high	  challenge	  with	  infected	  ticks,	  few	  animals	  die	  of	  the	  disease	  (Jonsson	  et	  
al.,	  2012).	   If	  animals	  are	  born	  with	  an	  age-‐related	  resistance	  which	  last	  for	  several	  months	  (up	  to	  9	  
months	   in	  the	  case	  of	  babesiosis),	  there	   is	  sufficient	  opportunity	  to	  encounter	   infected	  ticks	  during	  
this	  period	  of	  relative	  insensitivity	  (Brown	  et	  al.,	  2006).	  This	  will	  ensure	  development	  of	  immunity	  at	  
a	   young	   age	   and	   protection	   when	   older	   after	   this	   age-‐related	   resistance	   has	   waned	   (Jongejan	   &	  
Uilenberg,	  2004).	  	  

According	   to	   literature,	   age-‐related	   resistance	   to	  heartwater	   in	   small	   ruminants	  does	  not	   last	   very	  
long	  (several	  weeks	  after	  birth).	  If	  the	  exposure	  to	  the	  goats	  by	  infected	  ticks	  would	  be	  all	  year	  round	  
this	   could	   be	   sufficient	   to	   create	   a	   state	   of	   endemic	   stability	   for	   heartwater	   in	   goats	   in	   the	  Mnisi	  
region.	  This	  remains	  to	  be	  shown.	  	  

Another	   factor	   that	   is	   likely	   to	   contribute	   to	   the	   current	   opinion	   towards	   an	   endemically	   stable	  
situation	   for	   heartwater	   in	   the	   Mnisi	   region,	   is	   that	   the	   indigenous	   breed	   of	   goats	   may	   have	  
developed	   a	   high	   level	   of	   resistance	   to	   the	   disease	   in	   order	   to	   survive	   a	   lethal	   challenge	   of	   E.	  
ruminantium-‐infected	   ticks.	   The	   introduction	   of,	   for	   instance,	   highly	   susceptible	   Saanen	   goats	   into	  
the	  rural	  area	  of	  Mnisi	  would	  settle	  the	  question	  of	  breed	  differences	  (Donkin	  et	  al.,	  1992).	  However,	  
the	  use	  of	  sentinel	  animals	  in	  the	  Mnisi	  area	  is	  not	  a	  realistic	  option.	  A	  possible	  alternative	  will	  be	  to	  
isolate	  heartwater	  strains	  from	  the	  Mnisi	  area	  (from	  goats	  and/or	  from	  ticks)	  and	  study	  these	  isolates	  
in	  an	  experimental	  heartwater/tick	  model	  under	  laboratory	  conditions	  (Bekker	  et	  al.,	  2001).	  

Bryson	  et	  al.,	  (2002)	  investigated	  the	  prevalence	  of	  E.	  ruminantium	   in	  free-‐living	  adult	  A.	  hebraeum	  
ticks.	  They	  found	  a	  prevalence	  of	  4,7%	  and	  11,3%	  at	  a	  communal	  grazing	  area	  in	  Rietgat	  (North	  West	  
Province),	  South	  Africa.	  Free-‐living	  nymphs	  are	  estimated	  to	  have	  a	  lower	  infection	  rate	  than	  nymphs	  
collected	   from	   ruminants,	   because	   the	   previous	   larvae	   feed	   on	   numerous	   hosts	   that	   are	   not	  
susceptible	   for	   E.	   ruminantium	   (Peter	   et	   al.,	   1999).	   In	   another	   study	   by	   Peter	   et	   al.,	   (1999a)	   they	  
found	  a	  prevalence	  of	  E.	  ruminantium	  in	  ticks	  of	  A.	  hebraeum	  adults	  and	  nymphs	  of	  11,2%	  and	  8,5%,	  
respectively.	  These	  ticks	  were	  collected	  from	  cattle	  living	  in	  heartwater	  endemic	  areas	  in	  Zimbabwe.	  
Above	  mentioned	  prevalences	  were	  both	  detected	  by	  using	  polymerase	  chain	   reaction	   (PCR)	  assay	  
and	  this	  is	  regarded	  as	  the	  most	  reliable	  and	  best	  characterized	  test	  for	  E.	  ruminantium	   infection	  in	  
ticks	  (Peter	  et	  al.,	  1999).	  	  

Thus	  far,	  the	  relative	  abundance	  and	  seasonal	  dynamics	  of	  A.	  hebraeum	  ticks	  and	  the	  prevalence	  of	  
E.	  ruminantium	  have	  been	  studied	  by	  Van	  der	  Steen	  (2013),	  Busser	  (2014)	  and	  Deetman	  (2014)	  in	  the	  
rural	   Mnisi	   area	   in	  Mpumalanga	   of	   South	   Africa.	   Van	   der	   Steen	   started	   off	   and	   showed	   that	   the	  
majority	  of	   ticks	   found	  on	   the	  goats	  were	  nymphs	   in	  winter.	  Busser	   (2014)	   continued	  and	   found	  a	  
higher	  mean	  number	  of	  adult	   ticks	  per	  goat	   in	  summer.	   In	   the	   following	  autumn	  of	  2014	  Deetman	  
found	   a	   mean	   number	   of	   adult	   ticks	   (1,3)	   higher	   than	   in	   previous	   winter	   (0,2),	   but	   lower	   than	  
previous	   summer	   (2,8).	   PCR	   and	   reverse	   line	   blotting	   (RLB)	   revealed	   the	   prevalence	   of	   E.	  
ruminantium	  in	  adult	  and	  nymphs	  of	  A.	  hebraeum	  ticks.	  The	  results	  are	  summarized	  in	  table	  1.	  	  

Table	  1:	  Infection	  rate	  of	  A.	  hebraeum	  nymphal	  and	  adult	  stages	  with	  E.	  ruminantium	  for	  the	  different	  periods	  	  	  	  	  

	  

	  

	  

A. hebraeum	  
infection	  rate	  

v/d	  Steen	  
June/July	  2013	  
winter	  

Busser	  
November	  2013	  
summer	  

Deetman	  
March/April	  2014	  
autumn	  

Nymphs	   2/17	  
(0,12)	  

4/17	  
(0,24)	  

7/15	  
(0,47)	  

Adult	   3/23	  
(0,13)	  

17/68	  
(0,25)	  

5/51	  
(0,10)	  
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Higher	  abundance	  of	  adult	  A.	  hebraeum	  ticks	  in	  summer	  is	  in	  accordance	  with	  Walker	  et	  al.	  (2003).	  
This	  author	   further	  described	  that	   the	   larvae	  are	  most	  active	  during	   late	  summer	  and	  autumn,	   the	  
nymphs	  during	  winter	   and	  early	   spring	  and	   the	  adults	  during	   summer	   (Walker	  et	   al.,	   2003).	   These	  
studies	  suggest	  a	  lower	  number	  of	  A.	  hebraeum	  adult	  ticks	  in	  winter.	  The	  infection	  rates	  of	  the	  ticks	  
with	  E.	   ruminantium,	  which	  Van	  der	  Steen	   (2013),	  Busser	   (2014)	  and	  Deetman	  (2014)	   found	   in	   the	  
Mnisi	   area,	   are	   mostly	   higher	   than	   the	   prevalence	   mentioned	   above.	   It	   is	   not	   clear	   why	   this	   is	  
observed.	  An	  explanation	  for	  these	  higher	  infection	  rates	  could	  be	  due	  to	  differences	  in	  temporal	  or	  
spatial	  factors,	  or	  because	  indeed	  the	  free-‐living	  nymphs	  collected	  represent	  a	  lower	  prevalence	  of	  E.	  
ruminantium	  (Peter	  et	  al.,	  1999).	  	  	  

Furthermore,	   in	  view	  of	  the	   infection	  rate	  of	  E.	  ruminantium	   in	  ticks	  recovered	  from	  the	  goats,	  the	  
question	  arises	  whether	  clinical	  heartwater	  cases	  occur	  in	  the	  area.	  There	  are	  indications	  collected	  in	  
the	  questionnaire	   surveys	   conducted	  by	  Van	  der	   Steen	   (2013),	   Busser	   (2014)	   and	  Deetman	   (2014)	  
that	   nervous	   symptoms	   that	   animals	   sometimes	   display	   before	   death	   may	   be	   attributable	   to	  
heartwater.	  It	  was	  also	  observed,	  initially	  by	  Busser	  (2014)	  and	  later	  confirmed	  by	  Deetman	  (2014),	  
that	   many	   goats	   had	   developed	   lameness	   due	   to	   tick	   infestation.	   Apart	   from	   heartwater	   other	  
manifestations	   of	   tick	   borne	   diseases	   are	   foot	   abscesses	   in	   goats	   in	   relation	   to	   the	   seasonal	  
abundance	  of	  adult	  A.	  hebraeum	  ticks	  (MacIvor	  and	  Horak,	  1987).	  	  

Although	  there	  are	  different	  ways	  to	  control	  this	  type	  of	  lameness,	  e.g.	  acaricidal	  footbaths,	  applying	  
tick	  grease	  on	  tick	  predilection	  sites,	  there	  is	  a	  need	  to	  determine	  the	  best	  possible	  scenario,	  taking	  
into	  consideration	  the	   impact	  of	  resistance	  to	  acaricide	  (Walker,	  2011).	  Acaricide	  resistance	  testing	  
will	  be	  addressed	  in	  future	  studies	  in	  the	  area.	  	  
	  
So	   far,	   there	   is	   insufficient	  understanding	  about	  the	  epidemiology	  of	  heartwater	  and	  the	  role	  of	  A.	  
hebraeum	  ticks	  in	  transmission	  of	  disease	  to	  livestock	  in	  the	  area	  of	  Mnisi	  in	  the	  winter	  season.	  This	  
research	  might	   contribute	   to	   the	   development	   of	   a	   sustainable	   tick	   control	   strategy	   in	   the	   region	  
with	  the	  aim	  to	   improve	  the	  health	  of	   the	   large	   local	  goat	  population	  and	  the	   long	  term	  economic	  
prospect	  of	  the	  rural	  farming	  communities	  in	  Mnisi	  and	  sub-‐Saharan	  Africa.	  	  
	  
The	   aim	   of	   this	   study	   is	   to	   measure	   the	   mean	   burden	   of	   Amblyomma	   ticks	   on	   goats	   and	   their	  
infestation	  rate	  of	  E	  .	  ruminantium	  in	  winter	  season	  (July	  and	  August).	  An	  additional	  goal	  of	  this	  study	  
is	  trying	  to	  objectify	  cause	  of	  death	  by	  heartwater	  in	  goats	  in	  the	  Mnisi	  area.	  	  

Materials	  and	  methods	  
	  	  
The	  field	  research	  was	  conducted	  from	  23	  July	  until	  the	  17	  of	  August	  2014	  in	  the	  north-‐eastern	  part	  
of	  the	  Bushbuckridge	  Municipal	  Area	  (Figure	  2).	  In	  this	  rural	  area	  of	  about	  30.000	  ha	  approximately	  
40.000	   people	   live	   under	   the	   proud	   history	   and	   leadership	   of	   the	  Mnisi	   Traditional	   Authority.	   The	  
main	  agricultural	  activity	  is	  livestock	  farming.	  Approximately,	  small-‐scale	  farmers	  own	  11	  cows	  and	  7	  
goats.	  About	  2/3	  of	  the	  area	  is	  surrounded	  by	  private	  or	  provincial	  game	  reserves.	  The	  area	  is	  semi	  –
arid,	  with	  a	  sub-‐tropical	  climate	  with	  a	  mix	  of	  cultivated	   lands,	  variations	  of	  permanent/temporary	  
crops	  and	  savanna.	  (Van	  Rooyen,	  2011	  &	  Fairbanks	  et	  al.,	  2000)	  
According	  to	  the	  protocol,	  first	  implemented	  by	  Deetman	  (2014),	  the	  following	  was	  done.	  Ticks	  had	  
to	  be	  collected	   in	   the	   following	  17	  different	  villages	  within	  the	  Mnisi	  area:	  Ludlow,	  Utha	  A,	  Shorty,	  
Clare	   A,	   Clare	   B,	   Athol,	   Share,	   Gottenburg,	   Hlalakahle,	   Hluvukani,	  Welverdiend	   A,	  Welverdiend	   B,	  
Thorndale,	  Dixie,	  Tlhavekisa	  and	  Seville	  B.	  The	  17	  selected	  villages	  were	  previously	  selected	  for	  the	  
research	  protocol	  in	  order	  to	  be	  able	  to	  compare	  the	  results	  of	  the	  previous	  studies.	  In	  the	  first	  week	  
of	   arrival	   a	   planning	  was	  made	   for	   the	   tick	   collection	   scheme	   in	   close	   collaboration	  with	   the	   local	  
veterinary	  officer.	  The	  17	  villages	  are	  divided	  into	  4	  wards.	  It	  was	  agreed	  upon	  that,	  due	  to	  possible	  
spread	  of	  Foot	  and	  Mouth	  disease	  (FMD),	  there	  was	  a	  three-‐day	  rest	  between	  the	  different	  wards.	  	  
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Per	   day	   2	   different	   households	   in	   the	   designated	   village	  were	   selected.	   This	  went	   in	   coordination	  
with	  the	  Environmental	  Monitor	  (EM)	  and	  with	  permission	  of	  the	  owner.	  At	  each	  household	  5	  goats	  
were	  randomly	  selected.	  In	  the	  morning	  the	  goats	  often	  stayed	  in	  their	  kraals,	  but	  free	  roaming	  goats	  
were	  also	  caught	  with	  help	  of	  the	  owner	  and	  EM.	  In	  total	  160	  indigenous	  goats,	  5	  per	  household	  thus	  
10	  per	  village,	  were	  sampled.	  Together	  with	  the	  EM	  the	  goats	  were	  sampled	  over	  the	  whole	  body.	  
After	   sampling	   no	   visible	   ticks	   were	   left	   behind.	   The	   collected	   ticks	   were	   immediately	   stored	   in	  
labeled	  bottles	  containing	  a	  70%	  ethanol	  solution.	  
The	   collected	   ticks	   were	   then	   examined	   through	   stereoscopic	   microscope	   at	   the	   Hans	   Hoheisen	  
Wildlife	   Research	   Station	   at	   Orpen	   Gate,	   Kruger	   Park,	   South	   Africa.	   Tick	   species	   were	   analysed	  
according	  to	  the	  scientific	  guidance	  for	  identification	  of	  ticks	  in:	  “Ticks	  of	  Domestic	  Animals	  in	  Africa:	  
a	  guide	  to	  identification	  of	  species”	  (Walker	  et	  al.,	  2003).	  The	  sampled	  ticks	  were	  divided	  by	  genera,	  
species,	  sex	  and	  stage	  of	  the	  life	  cycle.	  After	  counting	  and	  identification	  the	  larvae,	  nymphs	  and	  adult	  
ticks	   were	   pooled	   per	   village	   and	   an	   ID	   was	   placed	   in	   the	   bottle.	   The	   ID	   had	   the	   following	  
information:	  collection	  site,	  name	  of	  village,	  date	  of	  sampling,	  owners,	  number	  of	  sampled	  goats	  and	  
the	  amount	  of	  ticks	  found	  on	  the	  individual	  goats.	  
	  
Figure	  2:	  The	  study	  area	  with	  in	  the	  left	  picture	  in	  detail	  the	  villages	  that	  were	  visited	  for	  tick	  collections	  and	  on	  the	  right	  the	  Mnisi	  area	  is	  
highlighted	  in	  the	  red	  square,	  adjacent	  to	  the	  Kruger	  National	  Park,	  South	  Africa	  (Green)	  (Van	  Rooyen,	  2011).	  	  

	  
	  
Detection	   of	  E.	   ruminantium	  was	   carried	   out	   according	   to	   the	   protocols	   of	   the	  Utrecht	   Center	   for	  
Tick-‐Borne	   Diseases	   (UCTD)	   described	   in	   APPENDIX	   A.	   The	   extraction	   of	   DNA	   was	   done	   with	   10	  
pooled	  A.	  hebraeum	  nymphs,	  and	  4	  (2	  male	  and	  2	  female)	  A.	  hebraeum	  adults	  per	  village	  (APPENDIX	  
A,	   11.1).	   In	   this	   study	   it	   was	   chosen	   to	   sample	   as	  many	   larvae	   as	   possible	   per	   village.	   After	   DNA	  
extraction,	  a	  PCR	  assay	  was	  performed	  on	  four	  different	  genera	  (Theileria,	  Anaplasma	  and	  Babesia)	  
of	   tick-‐borne	   pathogens,	   described	   before	   by	   Bekker	   et	   al.,	   (2002)	   (APPENDIX	   A	   11.2).	   For	   the	  
Anaplasma/Ehrlichia	   species	   the	   forward	  primer	  was:	  Ehr-‐F	   (5’	  –	  GGA	  ATT	  CAG	  AGT	  TGG	  ATC	  MTG	  
GYT	   CAG)	   and	   the	   reverse	   primer	   Ehr-‐R	   (5’	   –	   Biotin	   –	   CGG	   GAT	   CCC	   GAG	   TTT	   GCC	   GGG	   ACT	   TYT	  
TCT)(UCTD,	  2014).	  The	  primers	   for	  Anaplasma/Ehrlichia	  were	  degenerate	  primers,	  a	   set	  of	  primers	  
which	  had	  a	  number	  of	  options	  at	   several	  positions	   in	   the	   sequence,	  where	  M	  =	  A+C	  and	  Y	  =	  C+T	  
(UCTD,	  2014).	  For	  Babesia/Theileria,	   the	  forward	  primer,	  RLB-‐F2	  (5’	  –	  GAC	  ACA	  GGG	  AGG	  TAG	  TGA	  
CAA	  G),	  and	  the	  reverse	  primer,	  RLB-‐R2	  (5’	  –	  Biotin	  –	  CTA	  AGA	  ATT	  TCA	  CTT	  CTG	  ACA	  GT)	  had	  been	  
used	  for	  amplification	  (UCTD,	  2014)(Busser,	  2014).	  	  
After	  the	  PCR	  assay	  a	  reversed	  line	  blot	  (RLB)	  hybridization	  was	  performed	  described	  by	  Bekker	  et	  al.,	  
(2002)	  to	  identify	  several	  Ehrlichia,	  Anaplasma,	  Theileria	  and	  Babesia	  species	  (APPENDIX	  A	  	  11.3).	  	  
	   	  



	  

Ticks	  and	  tick-‐borne	  diseases	  surveillance	  |	  UCTD	  &	  DVTD	   8	  
	  

A	   questionnaire	   used	   in	   former	   studies,	   containing	   questions	   about	   tick	   control,	   morbidity	   and	  
mortality	   of	   the	   goats	   of	   the	   small-‐scale	   farmers	   was	   used	   again	   in	   order	   to	   get	   overview	   of	   the	  
epidemiology	  of	  heartwater	  (APPENDIX	  B).	  Because	  of	  the	  help	  of	  the	  EM’s	  it	  was	  made	  possible	  to	  
communicate	  with	  the	  farmers	  and	  translate	  the	  questions	  and	  answers	  in	  the	  questionnaires.	  	  

In	  case	  of	  an	  encounter	  of	  a	  recent	  died	  goat	  the	  head	  was	  collected	  for	  further	  research.	  Heartwater	  
was	  diagnosed	  by	  preparing	  brain	  smears	  of	   the	  cerebral	  or	   the	  cerebellar	  cortex.	  The	  brain	   tissue	  
was	  crushed	  into	  a	  paste	  and	  then	  smeared	  thinly	  between	  two	  microscope	  slides.	  This	  assured	  that	  
the	  capillaries	  would	  spread	  out	   in	  a	  single	  cell	   layer.	  Afterwards	   the	  smears	  were	  dried	   in	   the	  air,	  
fixed	  with	  methanol	  and	  stained	  with	  Giemsa.	  Through	  the	  stereoscopic	  microscope	  E.	  ruminantium	  
colonies	   could	  be	  observed	   in	   capillary	  endothelial	   cells	  of	   the	  brain.	   These	   reddish-‐purple	   to	  blue	  
colonies	  are	  clustered,	  and	  very	  often	  close	  to	  the	  nucleus	  of	  the	  infected	  endothelial	  cell.	  When	  the	  
goat	  would	  have	  been	   treated	  with	  antibiotics	   the	  colonies	  are	  not	   likely	   to	  be	  detected	  anymore.	  
The	  colonies	  are	  still	  visible	  2	  days	  after	  death	  in	  a	  brain	  that	  has	  been	  stored	  at	  room	  temperature	  
(20–25°C)	  and	  up	  to	  34	  days	  in	  a	  brain	  that	  has	  been	  stored	  in	  a	  refrigerator	  at	  4°C.	  (OIE)	  
The	   data	   from	   this	   study	  were	   incorporated	   in	   the	   dataset	   of	   the	   study	   of	   Van	   der	   Steen	   (2013),	  
Busser	   (2014)	  and	  Deetman	  (2014).	  The	  data	  were	  analysed	  for	   the	  differences	   in	  prevalence	  of	  A.	  
hebraeum	  over	  the	  different	  seasons.	  So	  over	  a	  period	  of	  one	  year	  it	  was	  possible	  to	  analyse	  seasonal	  
differences	  in	  the	  tick	  :	  goat	  ratio,	  the	  tick	  :	  E.	  ruminantium	  ratio.	  Eventually,	  the	  information	  derived	  
by	  the	  above	  mentioned	  questionnaires	  was	  incorporated	  in	  the	  data	  set	  of	  the	  former	  studies.	  	  

Results	  

Tick	  collection	  
The	   planning	   for	   tick	   collection	   resulted	   in	   the	   following	   order	   of	   visits:	   Share,	   Shorty,	   Utha	   B,	  
Hluvukani,	  Athol,	  Hlalakahle,	  Gottenburg,	  Dixie,	  Utha	  A,	  Thorndale,	  Seville	  B,	  Seville	  A,	  Clare	  B,	  Clare	  
A,	  Welverdiend	  B,	  Welverdiend	  A,	  Thlavekisa	  and	  Ludlow.	  The	  village	  Utah	  B	  was	  first	  visited	  on	  the	  
29th	   of	   July	   2014	   around	   11:00	   am.	   Unfortunately,	   there	   were	   no	   goats	   and	   the	   place	   seemed	  
abandoned.	   A	   cattle	   farmer	   was	   encountered	   and	   he	   commented	   that	   the	   goats	   were	  moved	   to	  
neighboring	  villages	  a	  couple	  of	  months	  ago.	  	  	  
In	  total	  4129	  ticks	  of	  160	  goats	  were	  sampled	  in	  the	  16	  villages	  from	  July	  to	  August	  2014.	  For	  details	  
see	  table	  2.	  On	  all	  the	  goats	  sampled	  ticks	  were	  found.	  A	  total	  average	  of	  26	  (25,8)	  ticks	  per	  goat	  with	  
a	  standard	  deviation	  (SD)	  of	  12	  (11,73)	  was	  found.	  The	  lowest	  tick	  infested	  goats	  had	  a	  total	  mean	  of	  
8	  ticks	  per	  goat	  and	  were	  found	  in	  Shorty.	  The	  most	  infested	  goats	  with	  a	  total	  mean	  of	  50	  ticks	  per	  
goat	  were	  found	  in	  Thlavekisa.	  	  
Off	   the	   total	   adult	   tick	   population	   75%	   (85/114)	   was	   male	   and	   25%	   (29/114)	   female.	   Three	   tick	  
species	   were	   found	   on	   the	   goats;	   A.	   hebraeum,	   Rhipichephalus	   (Boophilus)	   microplus	   and	  
Rhipichephalus	   appendiculatis.	   Previous	   collections	   show	   similar	   results	   in	   species	   composition,	  
summarized	   in	  table	  3.	   In	  her	  study	  Van	  der	  Steen	  (2013)	  also	  found	  1	  Rhipichephalus	  simus	  and	  2	  
Rhipichephalus	  zambezienius.	  These	  were	   left	  out	   in	   table	  3	  because	   in	   the	  3	  other	  collections	   this	  
species	  was	  not	  observed.	  	  
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Table	  2.	  Presentation	  of	   the	  survey	  of	   the	   total	  number	  and	  tick	  species	  sampled	   from	  goats	   in	   the	  area	  of	  Mnisi	   (Mpumalanga),	  South	  
Africa	  during	  July	  and	  August	  2014	  (Collection	  by	  author).*	  No	  goats	  were	  found	  in	  Utah	  B.	  	  

	  
Consistent	  with	  previous	  study	  results,	  A.	  hebraeum	  is	  the	  most	  important	  tick	  found	  on	  these	  goats.	  
The	  major	  proportion	  of	  all	  the	  tick	  collections	  consist	  out	  of	  A.	  hebraeum	  nymphs,	  (1430/2732)	  52%,	  
(1272/2884)	   44%	   and	   (3147/4129)	   76%	   except	   the	   collection	   of	   Van	   der	   Steen	   where	   the	   larvae	  
(1932/3384)	  57%	  were	  the	  predominate	  stage.	  	  
	  
Table	  3.	  Presentation	  of	  the	  total	  number	  of	  ticks,	  stages	  and	  species	  sampled	  from	  goats	  in	  the	  area	  of	  Mnisi	  (Mpumalanga),	  South	  Africa	  
during	  June/July,	  November	  2013.	  March/April	  and	  August	  2014	  (Collection	  of	  Van	  der	  Steen,	  Busser,	  Deetman	  and	  de	  Sitter).	  

	  
To	  show	  seasonal	  changes	   in	  the	  relative	  abundance	  of	  Amblyomma	   tick	   infestations	  Busser	  (2014)	  
made	  a	  beginning	  comparing	  the	  mean	  burden	  of	  adult	  ticks	  per	  goat.	  Due	  to	  no	  standardization	  of	  
the	   number	   of	   goats	   sampled	   the	   results	   of	   Van	   der	   Steen	   and	  Busser	  were	   not	   comparable	  with	  
each	  other.	  Though,	  the	  trend	  showed	  a	  lesser	  mean	  burden	  of	  adult	  A.	  hebraeum	  ticks	  per	  goat	  in	  
June/July	   (0,2)	   than	  November	  2013	   (2,8).	  The	  number	  of	   randomly	  chosen	  goats	   in	   this	   study	  are	  
similar	   with	   the	   research	   of	   Deetman	   (2014)	   and	   therefore	   the	   results	   are	   more	   comparable.	   In	  
March/April	  2014	  the	  mean	  burden	  of	  adult	  A.	  hebraeum	  per	  goat	  is	  1,3	  and	  in	  July/August	  0,7.	  
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Mean	   no.	   of	  
A.	   hebraeum	  
adult	  
ticks/host	  

Athol	  	  (n=10)	   0	   0	   0	   248	   7	   0	   81	   0	   336	   0	  
Clare	  A	  	  (n=10)	   25	   5	   0	   267	   4	   7	   44	   6	   358	   2,5	  
Clare	  B	  (n=10)	   1	   1	   0	   67	   0	   0	   16	   1	   86	   0,1	  
Dixie	  (n=10)	   1	   0	   0	   150	   0	   0	   127	   0	   278	   0,1	  
Gottenburg	  (n=10)	   3	   2	   0	   336	   8	   2	   60	   0	   411	   0,3	  
Hlalakahle	  	  (n=10)	   2	   0	   0	   221	   1	   0	   31	   0	   255	   0,2	  
Hluvukani	  	  (n=10)	   2	   0	   0	   143	   0	   0	   5	   0	   150	   0,2	  
Ludlow	  (n=10)	   5	   0	   0	   274	   0	   47	   56	   4	   386	   0,5	  
Seville	  B	  	  (n=10)	   0	   0	   0	   173	   0	   0	   39	   2	   214	   0	  
Share	  (n=10)	   50	   12	   0	   128	   4	   0	   1	   0	   195	   5	  
Shorty	  	  (n=10)	   0	   0	   0	   72	   0	   0	   8	   0	   80	   0	  
Thlavekisa	  	  (n=10)	   2	   3	   0	   378	   3	   1	   106	   5	   498	   0,2	  
Thorndale	  (n=10)	   11	   0	   0	   247	   0	   0	   21	   0	   279	   1,1	  
Utah	  A	  (n=10)	   3	   0	   0	   123	   0	   0	   33	   0	   159	   0,3	  
Utah	  B	  (n=0)*	   0	   0	   0	   0	   0	   0	   0	   0	   0	   0	  
Welverdiend	  A	  (n=10)	   7	   2	   1	   134	   3	   23	   70	   0	   240	   0,7	  

Welverdiend	  B	  (n=10)	   2	   0	   0	   186	   0	   0	   12	   4	   204	   0,2	  

Total	  (n=160)	   114	   25	   1	   3147	   30	   80	   710	   22	   4129	   0,7	  
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Mean	  no.	  of	  A.	  
hebraeum	  
adult	  
ticks/host	  

June/July	  2013	  (n=117)	  (vd	  Steen)	   23	   161	   1	   1267	   0	   0	   1932	   3384	   0,2	  
November	  2013	  (n=184)	  (Busser)	   522	   35	   0	   1430	   19	   0	   726	   2732	   2,8	  
March/April2014(n=169)	  (Deetman)	   219	   202	   21	   1272	   292	   0	   878	   2884	   1,3	  
July/August	  2014	  (n=160)	  (de	  Sitter)	   114	   25	   1	   3147	   30	   80	   732	   4129	   0,7	  
Collection	  total	  (n=630)	   878	   423	   23	   7116	   341	   80	   4268	   13129	   	  
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However,	  the	  mean	  burden	  of	  nymphs,	  adult	  and	  total	  ticks	  per	  goat	  is	  not	  normally	  distributed	  in	  all	  
the	   former	   research	  data	  and	   therefore	   the	  mean	  could	  not	  be	  compared	  statistically.	  That	   is	  why	  
this	  research	  chose	  to	  look	  closer	  at	  the	  median	  in	  the	  different	  periods.	  
	  
	  
Table	  4:	  Presentation	  of	  the	  different	  results	  on	  adults,	  nymphs	  and	  total	  tick	  burden	  per	  goat	  total	  sampled	  in	  the	  16	  villages.	  	  

	  

	  

	  
The	  medians	  of	  the	  different	  research	  periods	  are	  shown	  in	  table	  4	  and	  these	  were	  compared	  with	  
each	  other	   via	   the	  Kruskal-‐Wallis	   Test.	   This	   test	   shows	   that	   the	  median	  of	   the	  adults,	  nymphs	  and	  
total	   ticks	   from	   the	  different	   researchers	   are	   significantly	  different	  between	   the	  periods	   	   (p<0.05).	  
Also	  the	  difference	  between	  the	  different	  researchers	  was	  analysed	  using	  the	  Mann-‐Whitney	  U	  Test	  
and	  the	  Bonferroni-‐Holm	  correction	  for	  the	  multiple	  single	  tests	  that	  were	  performed.	  For	  the	  larval	  
stage	  the	  differences	  were	  not	  analysed	  because	  former	  sampled	  larvae	  were	  not	  divided	  by	  genera	  
and	  species.	  The	  following	  results	  are	  summarized	  in	  table	  5.	  
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June/July	  2013	  (n=117)	  v/d	  Steen	   15	   0,2782	   0,0714	   0,38315	   0,00	   1,13	   0,0000	   0,3571	  
November	  2013	  (n=184)	  Busser	   16	   3,1231	   3,1231	   2,26831	   0,62	   9,60	   1,2893	   4,5536	  
March/April	  2014	  (n=169)	  Deetman	   16	   1,3625	   1,2000	   1,53357	   0,10	   6,00	   0,2000	   1,8500	  
July/August	  2014	  (160)	  de	  Sitter	   16	   0,7125	   0,2000	   1,30224	   0,00	   5,00	   0,1000	   0,6500	  
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June/July	  2013	  (n=117)	  v/d	  Steen	   15	   18,2606	   8,0714	   28,57196	   2,09	   94,00	   5,1429	   10,6667	  
November	  2013	  (n=184)	  Busser	   16	   7,8552	   6,7937	   5,58507	   1,43	   20,27	   3,6214	   10,2000	  
March/April	  2014	  (n=169)	  Deetman	   16	   7,4625	   5,2000	   6,21985	   2,20	   25,40	   4,0500	   7,3250	  
July/August	  2014	  (160)	  de	  Sitter	   16	   19,6688	   17,9500	   8,98664	   6,70	   37,80	   12,9500	   26,2250	  
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June/July	  2013	  (n=117)	  v/d	  Steen	   15	   18,5388	   8,1429	   28,84313	   2,09	   95,00	   5,5000	   10,6667	  
November	  2013	  (n=184)	  Busser	   16	   11,0862	   11,1944	   5,81483	   2,64	   25,00	   7,1823	   13,9000	  
March/April	  2014	  (n=169)	  Deetman	   16	   8,8250	   6,7500	   6,04687	   2,30	   25,50	   5,3750	   9,5500	  
July/August	  2014	  (160)	  de	  Sitter	   16	   20,3813	   18,3000	   9,01622	   6,80	   38,00	   14,2000	   27,3750	  
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Table	  5:	  Presentation	  of	  the	  different	  median	  of	  the	  mean	  adult	  tick	  per	  goat,	  mean	  nymphal	  ticks	  per	  goat	  and	  mean	  total	  ticks	  per	  goat	  
per	  village	  over	  the	  different	  periods.	  

	  	  
In	  table	  5	  the	  median	  of	  the	  mean	  (stage)	  tick	  per	  goat	  per	  period	  is	  shown.	  Adult	  (blue),	  nymph	  (red)	  
and	  total	  ticks	  (green)	  are	  represented	  by	  colors.	  The	  median	  is	  put	  on	  top	  of	  the	  bar	  as	  a	  number.	  
The	   Mann-‐Whitney	   U	   Test	   and	   the	   Bonferroni-‐Holm	   correction	   showed	   a	   significant	   difference	  
between	  the	  merged	  results	  of	  the	  different	  tick	  collections.	  The	  median	  number	  of	  adults	  of	  Van	  der	  
Steen	   (June/July	   2013)	   is	   significant	   lower	   than	   November	   2013	   (p<0,000)	   and	   March/April	   2014	  
(p<0,003).	  Busser	  (November	  2013)	  found	  a	  significant	  higher	  median	  number	  of	  adults	  than	  all	  the	  
other	   periods	   (p<0,000,	   p<0,010,	   p<0,000).	   Deetman	   (2014)	   found	   a	   significant	   higher	   median	  
number	   of	   adults	   in	  March/April	   2014	   than	   June/July	   2013	   (p<0,003).	   Furthermore	   there	   was	   no	  
significant	  difference	  between	  median	  of	  the	  mean	  burden	  of	  adult	  ticks	  in	  the	  periods	  March/April	  
and	  July/August.	  
This	   study	   found	  a	   significant	  higher	  median	  number	  of	  nymphs	   than	  all	   previous	  periods.	   For	   the	  
nymphs	   the	   p-‐value	   in	   order	   of	   chronological	   appearance	   p<0,006,	   p<0,000	   and	   p<0.000.	  
Furthermore,	  this	  study	  found	  a	  significant	  higher	  median	  number	  of	  total	   ticks	  than	  June/July	  and	  
November	  2013.	  For	  the	  total	  ticks	  the	  p-‐value	  in	  order	  of	  chronological	  order	  p<0,007	  and	  p<0,002.	  
All	  the	  above	  results	  are	  summarised	  in	  table	  6.	  	  	  	  	  
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Table	  6:	  Comparison	  of	  the	  significant	  differences	  of	  the	  median	  over	  the	  different	  periods	  of	  sampling.	  	  

Questionnaire	  survey	  
	  
All	  the	  farmers	  (32)	  volunteered	  to	  participate	  in	  the	  questionnaire.	  The	  4	  different	  EM’s	  translated	  
them	   from	   English	   to	   the	   local	   language	   Shangaan.	   The	   farmers	   had	   a	   total	   of	   369	   goats	  with	   an	  
average	  of	  12	  goats	  per	  farmer	  (SD:6).	  	  
The	   following	   results	  have	  been	  gathered	   in	   July	  and	  August	  2014.	  Of	   the	  32	   farmers	  41%	   (13/32)	  
take	  action	  against	   tick	   infestation.	  Regarding	   the	   same	  question	  of	   the	  previous	   sampling	  periods	  
the	  results	  were,	  in	  chronological	  order:	  85%	  (March	  and	  April	  2014),	  21%	  (November	  2013)	  and	  37%	  
(June	  and	  July	  2013).	  	  
The	  farmers	  use	  different	  substances	  as	  a	  control	  method,	  namely:	  Mosquito	  spray	  (Doom)©,	  Delete	  
X5©,	   Supona	   aerosol©,	   Ivomec©	   and	   Efecto	   Karbadus©t.	   The	   frequency	   of	   the	   use	   of	   control	  
methods	   varied	   between	   the	   farmers	   from	   once	   a	   year	   to	   twice	   a	   week.	   Of	   the	   13	   owners	   the	  
average	  frequency	  of	  tick	  control	  action	  was	  17	  times	  a	  year	  with	  a	  standard	  deviation	  of	  25.	  Delete	  
X5©	   and	   Mosquito	   spray	   (Doom)©	   were	   both	   mentioned	   5	   times.	   According	   to	   the	   results	   of	  
Deetman	  (2013)	  Delete	  X5©	  was	  most	  popular	  among	  the	  farmers.	  The	  questionnaire	  delivered	  one	  
quite	  remarkable	  result.	  As	  a	  method	  to	  control	  the	  tick	  infestation	  an	  owner	  mentioned	  he	  cut	  open	  
the	  ticks,	  without	  removing	  them,	  and	  poured	  over	  washing	  powder.	  
Most	  households	  (75%)	  experienced	  death	  of	  goats	  in	  the	  last	  year.	  Of	  the	  respondents	  19%	  (6/32)	  
mentioned	   noticing	   clinical	   signs,	   typical	   for	   heartwater,	   such	   as:	   pedaling	   movements,	   chewing	  
movement,	   twitching	   of	   the	   eyelids	   and	   convulsions.	   The	   results	   of	   Deetman	   (2014)	   and	   Busser	  
(2013)	  show	  21%	  and	  17%,	  respectively.	  Death	  cause	  of	  goats	  according	  to	  10	  out	  of	  32	  farmers	  was	  
most	  commonly	  because	  of	  dogs,	  car	  accidents,	  diarrhea,	  worms	  and	  slaughter.	  	  	  	  	  
In	   this	   survey	   44%	   (14/32)	   of	   the	   respondents	   notice	   lame	   goats	   in	   their	   flock.	   Deetman	   (2014)	  
mentions	  that	  67%	  of	  the	  owners	  notice	  lame	  goats	  (March	  and	  April	  2014),	  whereas	  Van	  der	  Steen	  
reports	   16%	   of	   the	   farmers	   observe	   lameness	   in	   tick-‐infested	   goats.	   About	   81%	   (26/32)	   of	   the	  
farmers	  are	  interested	  in	  new	  tick	  control	  methods.	  A	  similar	  result	  of	  71%	  was	  found	  in	  the	  results	  
of	  Deetman	  (2014).	  	  
When	   asked	  when	   they	   see	   the	  most	   ticks	   on	   the	   goats,	   17	   of	   the	   32	   replied	   during	   summertime	  
(17/32).	  Nine	  of	  the	  32	  owners	  saw	  no	  difference	  between	  the	  amount	  of	  ticks	  on	  the	  goats	  over	  the	  
seasons,	   whereas	   4	   had	   no	   idea	   and	   2	   owners	   saw	   the	   most	   ticks	   in	   winter.	   Approximately	   81%	  
(26/32)	  of	  the	  owners	  had	  cattle	  staying	  in	  close	  proximity	  of	  the	  goats.	  	  	  
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Van	  der	  Steen	  
June/July	  2013	  	  

-‐	   Adults	  sig.	  
lower	  (p<0,000)	  

Adults	  sig.	  lower	  
(p<0,003)	  

Nymphs	  sig.	  lower	  
(p<0,006).	  Total	  
ticks	  sig.	  lower	  
(p<0,008)	  

Busser	  
November	  2013	  	  

Adults	  sig.	  higher	  
(p<0,000)	  

-‐	   Adults	  sig.	  higher	  
(p<0,010)	  

Adults	  sig.	  higher	  
(p<0,000)	  
Nymphs	  sig.	  lower	  
(p<0,002)	  
	  

Deetman	  
March/April	  2014	  	  

Adults	  sig.	  higher	  
(p<0,003)	  

Adults	  sig.	  
lower	  (p<0,08)	  

-‐	   adults	  no	  sig.	  
difference	  
(p<0,086)	  
	  

De	  Sitter	  
July/August	  2014	  	  

Nymphs	  sig.	  higher	  
(p<0,006).	  Total	  
ticks	  sig.	  higher	  
(p<0,007)	  

Nymphs	  
(p<0,000)	  and	  
total	  ticks	  
(0,002)	  sig.	  
higher	  

Nymphs	  sig.	  higher	  
(p<0.000)	  
Total	  ticks	  sig.	  
higher	  (p<0,000)	  
	  

-‐	  
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Polymerase	  chain	  reaction	  (PCR)/Reverse	  line	  blot	  hybridization	  (RLB)	  
	  
After	  DNA	  extraction	  from	  ticks	  the	  PCR	  products	  were	  analysed	  and	  showed	  that	  adult	  and	  nymphal	  
stages	  of	  A.	  hebraeum	  were	  positive	  for	  E.	  ruminantium	  (table	  7).	  All	  of	  the	  16	  DNA	  products	  of	  the	  
larval	   stage	   were	   negative	   on	   E.	   ruminantium.	   Of	   the	   72	   samples	   tested	   28	   were	   positive	   for	  
Anaplasma	  phagocytophlilium.	  	  
	  
Table	  7:	  E.	   ruminantium	   infection	   rates	  determined	  by	  PCR/RLB	  protocol	   in	  collected	  A.	  hebraeum	   ticks	   from	  goats	   in	   the	  area	  of	  Mnisi	  
(Mpumalanga),	  South	  Africa,	  during	  July	  and	  August	  2014.	  
Village	   Positive	  Nymphs	   Infected/no.	  analysed	   	  Overall	  

Male	  	   Female	  
Athol	   No	   0/0	   0/0	   0/0	  

Clare	  A	   Yes	   0/2	   0/2	   0/4	  
Clare	  B	   No	   0/1	   0/0	   0/1	  
Dixie	   Yes	   0/1	   0/0	   0/1	  

Gottenburg	   No	   1/2	   0/0	   1/2	  
Hlalakahle	   No	   1/2	   0/0	   1/2	  
Hluvukani	   No	   0/1	   0/0	   0/1	  

Ludlow	  	   Yes	   0/2	   0/0	   0/2	  
Seville	  B	   No	   0/0	   0/0	   0/0	  
Share	   No	   0/2	   0/2	   0/4	  

Shorty	   Yes	   0/2	   0/2	   0/4	  
Thlavekisa	   No	   0/1	   0/1	   0/2	  
Thorndale	   No	   1/2	   2/2	   3/4	  

Utha	  A	   Yes	   1/2	   0/1	   1/3	  
Utha	  B*	   n.a.	   n.a.	   n.a.	   n.a.	  
Welverdiend	  A	   Yes	   0/2	   0/2	   0/4	  

Welverdiend	  B	   No	   0/2	   0/0	   0/2	  
Total	   6/16	   4/24	   2/12	   6/36	  

	  
Table	  7	  shows	  the	  PCR/RLB	  tests	  results.	  For	  more	  detail	  see	  APPENDIX	  C.	  For	  Athol	  it	  shows	  that	  the	  
nymphs	  are	  not	  infected	  with	  E.	  ruminantium,	  0	  males	  collected	  thus	  0	  infected.	  The	  same	  accounts	  
for	   the	   females	   in	  Athol.	   In	   Clare	  A	   the	  nymphs	   tested	  positive	   and	  2	  males	   negative	   as	  were	   the	  
females.	  The	  total	  shows	  that	  16,7%	  (4/24)	  of	  the	  males	  and	  16,7%	  (2/12)	  of	  the	  female	  adults	  are	  
infected	  with	  E.	  ruminantium.	  For	  the	  pooled	  nymphs	  an	  infection	  rate	  of	  37,5%	  (6/16)	  was	  found.	  In	  
table	  8	   the	   infection	   rate	  of	   the	  different	  periods	   is	   summarized.	  There	   is	  no	   significant	  difference	  
between	   the	   ratio	   infected	   and	   non-‐infected	   nymphs	   in	   the	   4	   different	   research	   periods	   (Chi-‐
square=4.72,	   p=0.19,	   Test	   (df=3).	   Furthermore	   there	   is	   no	   significant	   difference	   between	   the	   ratio	  
infected	  and	  non-‐infected	  adults	  in	  the	  4	  different	  research	  periods	  (Fisher	  Exact	  n≤120,	  p=0.17).	  The	  
larval	  stages	  of	  the	  ticks	   in	  this	  study	  were	  not	   infected.	   In	  the	  former	  studies	  this	   larval	  stage	  was	  
sampled	  but	  not	  tested	  on	  infection	  rate.	  
	  
Table	  8:	  Infection	  rate	  of	  A.hebraeum	  nymphal	  and	  adult	  stages	  for	  the	  	  
different	  periods	  	  	  	  	  
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Nymphs	   2/17	  
(0,12)	  

4/17	  
(0,24)	  

7/15	  
(0,47)	  

6/16	  
(0,38)	  

Adult	   3/23	  
(0,13)	  

17/68	  
(0,25)	  

5/51	  
(0,10)	  

6/36	  
(0,17)	  
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Brain	  smears	  
	  
During	   this	  period	  3	  dead	  goats	  have	  been	   inspected	  because	   the	  owner	   reported	   to	  have	  noticed	  
clinical	   signs	   attributable	   to	   heartwater.	   One	   goat,	   not	   older	   than	   2	   months,	   was	   found	   during	   a	  
routine	   household	   sampling	   day,	   the	   other	   two	   (not	   older	   than	   2	   months	   and	   the	   other	  
approximately	   1	   year)	   were	   reported	   in	   by	   the	   veterinary	   rotation	   students	   of	   the	   Faculty	   of	  
Veterinary	   Science	   of	   the	   University	   of	   Pretoria	   working	   at	   the	   Hluvukani	   Animal	   Health	   Clinic	   in	  
Hluvukani,	  Mnisi,	  Mpumalanga,	  South	  Africa.	  On	  the	  first	  brain	  smear	  a	  CAM’s	  Quick-‐stained	  and	  a	  
Giemsa	  was	  performed.	  The	   second	  brain	   smear	  only	   a	  Giemsa	  and	   the	   third	  only	  a	  CAM’s	  Quick-‐
stained.	   The	   first	   two	   smears	   were	   negative	   for	   E.	   ruminantium	   and	   the	   second	   seemed	   to	   be	  
positive	  but	  a	  definite	  diagnose	  could	  not	  be	  made.	  For	  that	  reason	  brain	  tissue	  was	  submitted	  to	  the	  
pathology	  department	  of	  the	  University	  of	  Pretoria,	  but	  the	  results	  could	  not	  be	  retrieved	  (APPENDIX	  
D).	  	  	  	  
	  
Discussion	  
	  
This	  research	  study	  has	  shown	  that	  there	  is	  significant	  difference	  between	  the	  medians	  of	  the	  mean	  
burden	   of	   ticks	   per	   goat	   over	   the	   different	   seasonal	   collections	   in	   the	   16	   villages	   of	   Mnisi,	  
Mpumalanga,	  South	  Africa.	  More	  specific	  it	  shows	  that	  in	  summer	  (Busser,	  2014)	  the	  median	  mean	  
burden	  adult	  ticks	  per	  goat	  is	  higher	  than	  in	  autumn,	  winter	  and	  spring	  in	  Mnisi,	  Mpumulanga,	  South	  
Africa.	  Furthermore,	   in	  winter	  2014	  the	  median	  mean	  burden	  nymphs	  per	  goat	   is	  significant	  higher	  
than	  in	  spring	  2014,	  summer	  and	  winter	  2013.	  	  	  
Besides	  that,	  this	  research	  shows	  that	  the	  infection	  rate	  of	  ticks	  with	  E.	  ruminantium	  does	  not	  differ	  
significantly	   over	   the	   seasons.	   This	   implies	   that	   the	  nymphal	   and	   adult	   ticks	  were	   infected	  with	  E.	  
ruminantium	  throughout	  winter	  2013	  up	  to	  winter	  2014.	  This	  study	  is	  the	  first	  that	  proved	  that	  the	  
larvae	  sampled	  in	  July	  and	  August	  2014	  are	  negative	  for	  E.	  ruminantium	  in	  the	  Mnisi	  area.	  	  
According	  to	  the	  answers	  given	  in	  the	  questionnaire	  the	  owners	  report	  a	  number	  of	  dead	  goats	  and	  
having	   seen	   clinical	   signs	   of	   heartwater.	   These	   answers	   are	   consistent	   throughout	   the	   year.	   The	  
additional	  collected	  information	  implied	  that	  53%	  of	  the	  owners	  saw	  the	  most	  ticks	  on	  goats	  in	  the	  
summer,	  28%	  saw	  no	  difference	  over	  the	  seasons,	  12,5%	  had	  no	  idea	  and	  6%	  saw	  the	  most	  ticks	  in	  
winter.	   Furthermore,	   as	   in	   the	   previous	   results,	   owners	   showed	   an	   interest	   in	   new	   tick	   control	  
measures.	  Also	  approximately	  81%	  of	  the	  goats	  owners	  kept	  cattle	  in	  close	  proximity	  of	  their	  goats.	  	  
Two	  additional	  brain	  smears	  of	  goats,	  supposed	  to	  have	  died	  of	  heartwater	  were	  not	  found	  positive	  
and	   one	   result	   was	   not	   retraceable	   after	   sending	   it	   to	   the	   Pathology,	   Department	   Paraclinical	  
Sciences,	  Faculty	  of	  Veterinary	  Science	  of	  the	  University	  of	  Pretoria.	  	  
The	  RLB	  test	  showed	  that	  several	  ticks	  were	  infected	  with	  A.	  phagocytophilium.	  This	  is	  possibly	  due	  
to	   contamination	   in	   the	   laboratory	   because	   of	   spoiled	   DNA	   in	   the	   lab	   PCR	   setting.	   During	   the	  
laboratory	   work,	   other	   research	   was	   performed	   on	   ticks	   that	   showed	   to	   be	   infected	   with	   A.	  
phagocytophlilium.	   The	   possibility	   that	  A.	   hebraeum	   collected	   on	   the	   goats	   in	   the	   16	   villages	   are	  
infested	  with	  this	  gram	  negative	  bacterium	  is	  not	  likely	  (Berggoets	  et	  al.,	  2014).	  
	  
A	  similar	  difference	  in	  seasonal	  abundance	  of	  ticks	  on	  goats	  has	  been	  shown	  earlier	  by	  Rechav	  &	  De	  
Jager	   (1991).	   They	   showed	   that	   the	  mean	  burden	  of	  adult	  A.	  hebraeum	   ticks	  on	  goats	  was	  high	   in	  
summer	  and	  low	  in	  winter.	  Furthermore	  they	  showed	  that	  A.	  hebraeum	  nymphs	  were	  present	  on	  the	  
goats	  throughout	  the	  year	  except	  in	  July	  and	  at	  times	  also	  not	  found	  in	  April	  and	  May.	  The	  research	  
was	  performed	  on	  10	  goats	  on	  a	  farm	  in	  the	  Northern	  Transvaal,	  South	  Africa.	  Bryson	  et	  al.,	  (2002a)	  
sampled	  a	  total	  of	  153	  goats	  in	  three	  villages	  in	  Northwest	  Province	  (NP),	  South	  Africa	  and	  one	  village	  
in	  Mpumalanga	   (M),	   South	   Africa.	   Their	   results	   show	   that	  most	  A.	   hebraeum	   adults	  were	   present	  
during	   summer	   and	   that	   nymphs	   were	   found	   throughout	   the	   year	   with	   peaks	   in	   November	   and	  
January.	  The	  same	  researchers	  also	   looked	  at	   the	  occurrence	  of	   Ixodid	   ticks	  on	  cattle	  belonging	   to	  
small-‐scale	  farmers	  in	  the	  same	  provinces	  in	  South	  Africa.	  A	  trend	  was	  shown	  that	  adult	  A.	  hebraeum	  
increase	  in	  number	  during	  summer	  and	  decrease	  up	  to	  winter	  (Bryson	  et	  al.,	  2002b).	  The	  authors	  do	  
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not	  give	  an	  explanation	  on	  the	  observed	  seasonal	  differences	  in	  the	  abundance	  of	  ticks.	  Walker	  et	  al.,	  
(2003)	   describe	   that	   differences	   in	   seasonal	   abundance	   can	   be	   due	   to	   specific	   combinations	   and	  
changes	  in	  temperature,	  rainfall	  and	  potential	  evaporation	  in	  the	  habitat	  of	  the	  ticks.	  For	  the	  closely	  
related	  species	  Amblyomma	  variegatum	   it	   is	   shown	  that	  questing	  nymphs	  move	   to	  suitable	  micro-‐
habitats	  to	  look	  for	  shelter,	  such	  as	  roots.	  This	  is	  possibly	  the	  tick	  searching	  for	  a	  humidity	  gradient	  
(Stachurski	   et	   al.,	   2010).	   Furthermore	   the	   same	   research	   showed	   that	   adult	   ticks	   are	   in	   the	  
environment	   from	   the	   beginning	   of	   the	   dry	   season,	   but	   do	   not	   seek	   for	   hosts	   until	   the	   next	   rainy	  
season	  (Stachurski	  et	  al.,	  2010).	  	  
	  
An	  explanation	   for	   the	  difference	   in	   the	   findings	  of	  Rechav	  &	  De	   Jager	   (1991)	   regarding	   finding	  no	  
nymphs	  on	  goats	  in	  winter	  is	  maybe	  due	  to	  the	  difference	  in	  number	  of	  sampled	  goats.	  This	  research	  
sampled	   160	   goats	   instead	   of	   10	   and	   therefore	   the	   chance	   of	   finding	   nymphs	   was	   higher.	  
Furthermore	  the	  influence	  of	  the	  weather	  cannot	  be	  estimated	  between	  the	  different	  studies.	  
The	  most	  A.	  hebraeum	  nymphs	  in	  this	  research	  were	  found	  during	  winter	  and	  therefore	  differs	  with	  
Bryson	  et	  al.,	  (2002a)	  who	  found	  a	  peak	  of	  nymphs	  in	  November	  and	  January.	  This	  could	  also	  be	  due	  
to	  weather	  differences.	  What	  is	  consistent	  with	  above	  mentioned	  literature	  is	  that	  nymphs	  are	  found	  
throughout	   the	   year,	   even	  more	   the	   results	   of	   this	   study	   show	   that	   in	   3	   of	   the	   4	   tick	   collections	  
nymphs	  are	  the	  predominate	  stage	  found	  on	  the	  goats	  (Busser,	   (2014)	  Deetman	  (2014)	  &	  de	  Sitter	  
(2015)).	  	  
If	   the	   results	   regarding	   the	   seasonal	  differences	  of	   this	   research	  are	   compared	  with	   the	   long	   term	  
research	   of	   Horak	   et	   al.	   (2011)	   there	   are	   some	   differences.	   These	   researchers	   performed	   a	  
consecutive	  monthly	   research	  of	  164	  months	   in	   two	  different	   regions	  of	   the	  Kruger	  National	  Park,	  
namely	  Nhlowa	  Road	  and	  Skukuza.	  However	  the	  collection	  of	  ticks	  was	  performed	  by	  cloth	  drags	  on	  
the	   ground	  which	   has	   the	   consequence,	   considering	   that	   larvae	  wait	   for	   their	   host	   on	   vegetation,	  
that	  preferably	  mostly	  larvae	  were	  collected.	  Another	  major	  difference	  was	  that	  there	  is	  solely	  a	  wild	  
host	  population	  in	  Skukuza	  and	  Nhlowa	  Road,	  whereas	  there	  are	  predominately	  domestic	  cattle	  and	  
goats	   in	  Mnisi.	   The	  differences	  were	  a	  peak	  number	  of	  A.	  hebraeum	  nymphs	   in	   summer	  and	  early	  
autumn.	  Furthermore	  A.	  hebraeum	  larvae	  peaked	  in	  summer	  and	  reaching	  a	  minimum	  in	  the	  winter	  
and	  early	  spring.	  These	  are	  different	  results	   than	  this	   research	  has	   found,	  despite	  the	  fact	   that	   the	  
climate	  and	   flora	  biosphere	  of	   the	  Mnisi	   area	   can	   roughly	  be	   compared	  with	   that	  of	   Skukuza.	   The	  
difference	  could	  be	  caused	  by	  a	  draught	  or	  other	  climate	  changes.	  Another	  interesting	  suggestion	  is	  
if	   only	  wild	  host	   could	  have	  an	   influence	  on	   the	   seasonal	   dynamics	  of	   ticks	   and	   the	  occurrence	  of	  
stadial	  differences	  in	  summer	  and	  winter.	  Maybe	  there	  could	  be	  an	  influence	  of	  the	  relative	  stabile	  
domestic	  livestock	  in	  comparison	  to	  the	  roaming	  small	  and	  large	  ruminants	  of	  Kruger	  National	  Park.	  
This	  is	  not	  yet	  clear	  and	  could	  be	  a	  target	  for	  further	  research.	  
	  
Humidity	  and	  rainfall	  and	  climate	  changes	  can	  influence	  tick	  numbers	  (Jongejan	  &	  Uilenberg,	  2004).	  
In	  order	  to	  compare	  results	  it	  could	  be	  necessary	  to	  implement	  monitoring	  the	  climate	  and	  changes	  
in	  the	  climate	   in	  the	  continuation	  of	  this	  research.	  Peak	  numbers	  of	  adults	   in	  this	  study	  could	  be	  a	  
consequence	   of	   heavy	   rainfall	   in	  Mnisi.	   Or	   low	   tick	   numbers	   could	   be	   a	   consequence	   of	   drought.	  
Furthermore,	  this	  research	  that	  will	  continue	  for	  another	  year,	  could	  look	  at	  not	  only	  the	  timing	  of	  an	  
intervention	  based	  on	  difference	  in	  tick	  infestation	  but	  also	  timing	  of	  an	  intervention	  with	  regard	  to	  
the	  (micro)climate	  in	  Mnisi	  (Estrada-‐Peña,	  2003	  &	  Walker,	  2011).	  
	  
The	  combined	  dataset	  with	  the	  results	  on	  numbers	  of	  A.	  hebraeum	  ticks	  collected	  in	  the	  4	  sampling	  
periods	  show	  a	  different	  mean	  number	  of	  ticks	  per	  goat	  over	  the	  4	  seasons.	  However,	  if	  a	  closer	  look	  
is	  given	  to	  the	  distribution	  of	  the	  mean	  number	  of	  ticks	  per	  goat	  it	  can	  be	  proven	  that	  these	  results	  
are	  not	  normally	  distributed.	  This	  research	  study	  therefore	  chose,	  in	  order	  to	  investigate	  a	  significant	  
difference	  over	  the	  periods,	  to	  look	  at	  the	  median	  of	  the	  combined	  mean	  ticks	  per	  goat.	  This	  was	  a	  
step	  forward	  because	  it	  was	  proven	  that	  there	  is	  a	  difference	  in	  abundance	  of	  A.	  hebraeum	  ticks	  on	  
goats	   in	   the	   Mnisi	   area.	   With	   this	   information	   a	   more	   specific	   implementation	   of	   a	   sustainable	  
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intervention	  can	  be	  made.	  Therefore,	  the	  research	  can	  continue	  monitoring	  the	  mean	  burden	  of	  ticks	  
per	  goat,	  but	  it	  is	  advised	  to	  use	  the	  median	  over	  the	  different	  periods	  for	  comparison.	  	  	  	  	  
	  
A	  critical	  comment	  should	  be	  made	  when	  combining	  the	  results	  of	  the	  period	  July	  and	  August	  with	  
the	  periods	  of	  Van	  der	  Steen	  and	  Busser.	  It	  is	  evident	  that	  the	  number	  of	  goats	  are	  not	  the	  same	  and	  
differ	  over	  the	  villages.	  However	  the	  number	  of	  goats	  sampled	  by	  Deetman	  (2014)	  and	  this	  study	  are	  
completely	  comparable.	  The	  research	  protocol	  was	  set	  in	  place	  when	  Deetman	  started	  after	  Busser.	  
The	   intention	   was	   to	   make	   the	   observations	   in	   the	   research	   setting	   and	   thus	   obtaining	   more	  
comparable	   results.	  Using	  of	   	   the	   same	   research	  protocol	  was	   feasible.	   It	  would	   then	  be	   logical	   to	  
take	  March-‐April	   2014	  as	  a	  new	  starting	  point.	   This	  would	   imply	  and	  motivate	   the	  continuation	  of	  
this	  project	  up	  to	  March-‐April	  2016.	  	  	  
Furthermore	  determination	  of	  the	  infection	  rate	  of	  adult	  ticks	  with	  E.	  ruminantium	  is	  not	  done	  with	  
the	   same	   amount	   of	   ticks.	   The	   protocol	   describes	   that	   4	   adults,	   2	   female	   and	   2	  males	   should	   be	  
tested,	  but	  in	  this	  research	  at	  some	  villages	  no	  adult	  ticks	  were	  found	  on	  the	  goats.	  This	  eventually	  
led	   to	   a	   different	   amount	   of	   ticks	   being	   tested.	   The	   question	   now	   is	   if	   this	   fact	   had	   an	   important	  
influence	   on	   the	   results	   for	   the	   observed	   infection	   rate?	   The	   amount	   of	   A.	   hebraeum	   nymphs	  
sampled	   in	   the	   16	   villages	   are	   all	   the	   same	   over	   the	   4	   periods	   and	   therefore	   should	   represent	   a	  
reliable	  outcome.	  	  	  	  	  
	  
An	  important	  assumption	  is	  that	  there	  is	  an	  endemic	  stable	  environment	  regarding	  heartwater	  in	  the	  
Mnisi	  area.	  Deem	  et	  al.,	   (1996)	  postulate	   that	   in	  order	   to	  maintain	  endemic	  stability	   in	   the	   field,	  a	  
tick-‐borne	   disease	   should	   meet	   the	   following	   conditions:	   (1)	   high	   prevalence	   of	   infection	   in	   field	  
vector	  ticks;	  (2)	  a	  large	  reservoir	  for	  tick	  infection	  in	  the	  vertebrate	  host	  population;	  and	  (3)	  infection	  
of	   vertebrate	   hosts	   when	   resistance	   to	   clinical	   disease	   is	   high	   (Deem	   et	   al.,	   1996).	   Van	   der	   Steen	  
(2013),	   Busser	   (2014),	   Deetman	   (2014)	   and	   this	   study	   showed	   that	   there	   is	   a	   high	   prevalence	   of	  
infection	  in	  A.	  hebraeum	  nymphs	  and	  adult	  ticks	  throughout	  the	  year.	  So,	  requirement	  1	  is	  met.	  To	  
meet	   to	   requirement	  2,	   the	   researchers	  need	   to	   show	   that	   the	  goat	  population	   is	   infected	  with	  E.	  
ruminantium	  in	  Mnisi.	  Infection	  can	  be	  shown	  testing	  for	  E.	  ruminantium	  antibodies	  with	  the	  MAP1-‐B	  
enzyme-‐linked	  immunosornbent	  assay	  (ELISA)	  (Bekker	  et	  al.,	  2001).	  Therefore	  blood	  has	  to	  be	  drawn	  
from	  goats.	  This	  is	  to	  invasive,	  the	  owners	  may	  be	  unwilling	  to	  co-‐operate	  and	  also	  there	  is	  no	  budget	  
to	  pay	  for	  this	  expensive	  intervention.	  Another	  way	  to	  show	  that	  the	  goats	  in	  Mnisi	  are	  infected	  with	  
E.	  ruminantium	   is	  to	  test	  the	  engorged	  larvae	  that	  were	  sampled	  on	  the	  goats	  in	  Mnisi.	  This	  can	  be	  
done	  because	  it	  has	  not	  been	  proven	  that	  transovarial	  transmission	  of	  E.	  ruminantium	  occurs	  in	  the	  
Amblyomma	  ticks	  (Bell-‐Skayi,	  2004).	  And,	  considering	  the	  life	  cycle,	  the	  engorged	  larvae	  will	  fall	  off	  
and	  then	  moult	  into	  a	  nymph,	  sucking	  blood	  on	  one	  host	  only	  once	  (Walker	  et	  al.,	  2003.)	  	  
At	   last,	   looking	   closer	   at	   the	   answers	   in	   the	   questionnaires	   it	   can	   be	   said,	   as	   has	   previously	   been	  
done,	   that	   owners	   mention	   clinical	   signs	   of	   heartwater.	   Additional	   information	   gathered	   in	   this	  
research	  were	  the	  3	  brain	  smears.	  It	  could	  not	  be	  confirmed,	  by	  Giemsa	  nor	  by	  CAM’s	  Quick-‐stained	  
brain	   smears,	   that	   these	   goats	  died	  of	   heartwater.	  However	   this	   examination	  was	  not	  done	  by	   an	  
expert	  or	  experienced	  veterinarian	  in	  the	  field.	  Therefore,	  a	  training	  should	  commence	  at	  the	  UCTD	  
in	  order	  to	  have	  future	  researchers	  making	  definite	  diagnoses.	  The	  2	  brain	  smears	  that	  were	  made	  in	  
this	  study	  are	  kept	  in	  the	  Hans	  Hoheisen	  Wildlife	  Research	  Station	  so	  that	  the	  next	  trained	  researcher	  
can	  make	  a	  definite	  diagnose	  if	  these	  goats	  died	  of	  heartwater	  or	  not.	  
If	   the	   future	   researcher	   can	   diagnose	   more	   heartwater	   in	   dead	   goats	   and	   so	   find	   the	   real	   death	  
causes,	   a	   step	   forward	   will	   be	   made	   into	   making	   a	   more	   substantiated	   assumption	   regarding	  
endemic	   stability	   of	   heartwater.	   This	   is	   important	   because	   if	   a	   future	   intervention	   plan	   is	   made	  
against	  the	  ticks	  on	  the	  goats	   in	  Mnisi	   it	  could	   interfere	  with	  the	  endemic	  stable	  situation	  (Yunker,	  
1996).	  	  	  	  	  	  
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Furthermore,	  another	  reason	  to	  be	  curious	  about	  the	  infection	  rate	  of	  larvae	  is	  because	  A.	  hebraeum	  
has	   a	   three-‐host	   tick	   life	   cycle	   and	   therefore	   the	   larvae	   play	   an	   important	   vector	   role	   in	   endemic	  
stability.	   Infected	   larvae	   contribute	   to	   the	   infection	   rate	   of	   the	   next	   instar,	   namely	   the	   nymph,	  
because	  infection	  is	  transmitted	  transstadially	  (Allsopp,	  2010	  &	  Petter	  et	  al.,	  1999a).	  	  
The	  16	  pooled	  larvae	  were	  all	  negative	  in	  the	  PCR/RLB	  tests.	  An	  explanation	  could	  be	  that	  they	  were	  
not	  engorged	  yet.	  Or	  that	  the	  goats	  that	  were	  sampled	  were	  not	  infected	  with	  E.	  ruminantium.	  It	  is	  
however	  worthwhile	   to	   test	   the	  engorged	   larvae	   from	   the	  collection	  of	  Van	  der	  Steen,	  Busser	  and	  
Deetman	  to	  be	  able	  to	  research	  if	  the	  larvae	  are	  infected	  or	  not.	  And	  future	  researchers	  must	  test	  if	  
the	  larvae	  are	  infected	  with	  E.	  ruminantium.	  The	  results	  will	  contribute	  to	  a	  broader	  understanding	  
of	  the	  epidemiology	  of	  heartwater	  in	  the	  Mnisi	  area.	  	  	  
	  
Many	   farmers	   showed	   interest	   in	   new	   tick	   control	  methods.	   This	   is	   in	   concurrence	  with	  Deetman	  
(2014).	   Even	   more,	   the	   tick	   control	   measures	   the	   owners	   use	   are	   similar,	   where	   Delete	   X5©	  
(Deltamethrin)	  is	  often	  mentioned,	  but	  also	  Jeyes	  fluid©	  (Multi-‐purpose	  disinfectant	  which	  contains	  
Tar	  acids),	  Karbadust©	  (Insecticide	  dusting	  powder	  for	  home	  garden	  and	  animal	  use	  which	  contains	  
carbaryl)	  and	  Supona	  aerosol©	  (Tick	  and	  maggot	  surface	  control	  which	  contains	  chlorfenvinphos	  and	  
dichlorvos).	   Besides	   the	  discussion	   if	   the	   agent	   is	   effective,	   brings	  harm	   to	   the	   goats	   and/or	   if	   the	  
ticks	  are	  resistant	  (which	  will	  be	  studied	  by	  the	  next	  researcher)	  there	  is	  a	  high	  variation	  of	  frequency	  
the	  owner	  uses	   the	   (self-‐defined)	   tick	   repellents.	  The	  episode	  of	  one	  owner	  cutting	  open	  the	  ticks,	  
leaving	   them	   on	   the	   goats,	   and	   pouring	   in	   Karbadust©	   is	   remarkable.	   Because	   of	   the	   above	  
mentioned	   variation	   in	   treatment,	   treatment	   frequency	   and	   the	  use	  of	   different	   (self-‐defined)	   tick	  
repellents	  it	  would	  be	  wise	  to	  discuss	  the	  possibility	  of	  implementing,	  (in	  corporation	  with	  the	  local	  
state	  veterinarian	  officer	  and	  the	  Mnisi	  authority)	  a	  small	  and	  easy	  to	  read	  protocol	  for	  how	  to	  treat	  
goats	  infested	  with	  ticks	  in	  Mnisi.	  
	  
Conclusion	  
	  
This	   study	   made	   a	   beginning	   in	   showing	   a	   significant	   difference	   in	   seasonal	   abundance	   of	  
Amblyomma	   ticks	  on	  goats	   in	  the	  16	  villages	  of	  the	  Mnisi	  area.	  Furthermore,	   it	  was	  confirmed	  that	  
the	  infection	  rate	  of	  ticks	  with	  E.	  ruminantium	  does	  not	  differ	  significantly	  over	  the	  seasons	  and	  it	  is	  
thought	  to	  be	  wise	  to	  sample	  the	  larvae,	  and	  test	  for	  E.	  ruminantium,	  as	  well	  from	  the	  goats	  in	  order	  
to	  get	  a	  broader	  understanding	  of	  the	  epidemiology	  of	  heartwater.	  	  
	  
Further	  research	  is	  needed	  to	  continue	  the	  monitoring	  of	  the	  abundance	  and	  seasonal	  dynamics	  of	  A.	  
hebraeum	  on	  the	  goats	   in	  Mnisi	   (Mpumalanga)	  South	  Africa.	  Collecting	  the	  ticks	  of	  goats	  has	  to	  be	  
standardized	   in	   order	   to	   be	   able	   to	   compare	   the	   results	   in	   the	   coming	   seasons.	   This	   research	   has	  
provided	  a	  statistical	  method	  to	  find	  out	  if	  there	  are	  significant	  differences	  between	  the	  ticks	  stadial	  
appearances	  over	  the	  different	  seasons.	  Furthermore	  taking	  into	  perspective	  that	  the	  continuation	  of	  
this	   research	   is	   accompanied	   by	   looking	   for	   causes	   of	   death	   in	   the	   goats	   of	  Mnisi,	   testing	   for	   the	  
prevalence	  of	  E.	  ruminantium	  in	  Amblyomma	  ticks	  can	  continue,	  in	  order	  to	  keep	  confirming	  that	  the	  
vector	  of	  heartwater	  is	  infected	  with	  E.	  ruminantium.	  	  	  	  	  	  	  
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Different	  brain	  smears	  of	  two	  goats	  at	  the	  Hans	  Hoheisen	  Wildlife	  Research	  Center.	  	  
	  

	  


