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Over  the  years,  malaria  has  remained  the  number  one  cause  of  morbidity  and  mortality  in  Tanzania.  Population  based  studies  
have  indicated  a  decline  in  overall  malaria  prevalence  among  under-fives  from  18.1%  in  2008  to  9.7%  in  2012.  The  decline  
of  malaria  infection  has  occurred  in  all  geographical  zones  of  the  country.  Malaria  mortality  and  cumulative  probability  of  
deaths   have   also   shown   a  marked   decline   from   2000   to   2010.  During   the   same   period,   area   specific   studies   in  Muheza,  
Korogwe,  Muleba   and  Mvomero   have   also   reported   a   similar   declining   trend   in   malaria   prevalence   and   incidence.   The  
decline   in  malaria   prevalence   has   been   observed   to   coincide  with   a   decline   in   transmission   indices   including   anopheline  
mosquito  densities.  The  decline   in  malaria  prevalence  has  been  attributed   to  a  combination  of   factors   including   improved  
access  to  effective  malaria  treatment  with  artemisinin  combination  therapy  and  protection  from  mosquito  bites  by  increased  
availability   of   insecticide   treated   bednets   and   indoor   residual   spraying.   The   objective   of   this   paper   was   to   review   the  
changing   landscape  of  malaria  and   its   implication  for  disease  management,  vector  control,  and   livelihoods  in  Tanzania.   It  
seeks   to   examine   the   links   within   a   broad   framework   that   considers   the   different   pathways   given   the   multiplicity   of  
interactions   that   can   produce   unexpected   outcomes   and   trade-offs.   Despite   the   remarkable   decline   in   malaria   burden,  
Tanzania   is   faced   with   a   number   of   challenges.   These   include   the   development   of   resistance   of   malaria   vectors   to  
pyrethroids,   changing   mosquito   behaviour   and   livelihood   activities   that   increase   mosquito   productivity   and   exposure   to  
mosquito  bites.  In  addition,  there  are  challenges  related  to  health  systems,  community  perceptions,  community  involvement  
and   sustainability   of   funding   to   the   national   malaria   control   programme.   This   review   indicates   that   malaria   remains   an  
important   and   challenging   disease   that   illustrates   the   interactions   among   ecosystems,   livelihoods,   and   health   systems.  
Livelihoods  and  several  sectoral  development  activities  including  construction,  water  resource  development  and  agricultural  
practices  contribute  significantly  to  malaria  mosquito  productivity  and  transmission.  Consequently,  these  situations  require  
innovative   and   integrative   re-thinking   of   the   strategies   to   prevent   and   control   malaria.   In   conclusion,   to   accelerate   and  
sustain   malaria   control   in   Tanzania,   the   prevention   strategies   must   go   hand   in   hand   with   an   intersectoral   participation  
approach   that   takes   into   account   ecosystems   and   livelihoods   that   have   the   potential   to   increase   or   decrease   malaria  
transmission.   
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Abstract 

1 Introduction 
 

Malaria  is  endemic  in  most  parts  of  Tanzania,  and  remains  
a  major  cause  of  morbidity  and  mortality  both  in  rural  and  
urban  areas.  Four  plasmodia  species,  namely  Plasmodium  
falciparum,  P.  vivax,  P.  malariae,  and  P.  ovale  are  preva-
lent  in  the  country.  Malaria  risk  in  Tanzania  is  heterogene-
ous   with   malaria   prevalence   rates,   parasite   densities   and  
entomological  inoculation  rates  varying  from  one  area  and  
season  to  another  [1-4].  This  distribution  is  determined  in  
part  by  climatic,  ecological  and  topographic  factors  which  
influence  the  distribution  patterns  of  the  vectors  [3,5,6].  In  
addition,  human  activities,  behaviour  and  socio-economic  
[7]  and  health  systems  factors  [8,9]  may  provide  an  addi-
tional  risk  as  a  result  of  an  increased  exposure  to  the  dis-
ease.   

In  Tanzania,  malaria  is  mainly  transmitted  by  Anophe-
les   gambiae,  An.   arabiensis   and  An.   funestus   [10].  Other  
important  vectors  include  An.  merus  [5,11],  An.  rivulorum  
and   An.   marshallii   [12-14].   There   are   clear   spatial   and  

temporal  variations  in  the  mosquito  population,  biting  rate  
and  malaria  transmission  intensity  among  districts,  villag-
es  and  agro-ecosystems  [3,4,15-17].  It  has  been  shown  that  
the  human  biting  rate  is  highest  shortly  after  the  mosquito  
densities  peak,  near  breeding  sites  where  adult  mosquitoes  
emerge,  and  around   the  edges  of  areas  where  humans  are  
aggregated   [18].   These   sources   of   spatial   and   temporal  
heterogeneity   in   the   distribution   of  mosquito   populations  
are  associated  with  the  variability  in  the  human  biting  rate,  
the  proportion  of  mosquitoes  that  are  infectious,  and  in  the  
risk   of   human   infection   [18].   Seasonal   malaria   transmis-
sion   is   common   in   many   places   of   sub-Saharan   Africa,  
with  most  of   the   transmission  occurring  at   the  end  of   the  
long  rainy  seasons  [3,15].   It  has  been  observed  that  vector  
species  behaviour,   density,   and   the   entomological   inocula-
tion  rate  (EIR)  are  dependent  on  seasonal  changes  in  envi-
ronmental  variables  [3,18-20]. 

Malaria   transmission   intensity   in   Tanzania   is   closely  
related   to  prevalence  of  malaria   in   the  population.  Obser-
vations  in  north-eastern  and  central  Tanzania  have  indicat-
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ed  that  when  the  mean  annual  EIR  is  high,  the  mean  annu-
al  parasite  prevalence  is  also  high  [3,21].  The  understand-
ing  of   indices   relating   to  malaria   transmission   is  central   to  
its  control  through  quantifying  the  potential  risk  of  infection  
and   elucidating   the   patterns   of   disease   transmission   [3,22]  
and,  more  importantly,  to  identify  malaria  hotspots.   

 
2 Malaria  and  livelihoods 
 
2.1 Impact  of  livelihoods  on  malaria  
 
In   Tanzania,   malaria   is   predominantly   a   rural   disease  
where   agriculture   forms   the   backbone   of   the   economy.  
Various   livelihood   activities   have   impact   on   mosquito  
productivity,  mosquito  biting  exposures  and  hence  malaria  
transmission   intensity   [23].   Some   agricultural   production  
systems   provide   conditions   well   suited   for   mosquito  
breeding,  with  clear,  temporary  bodies  coinciding  with  the  
time  of  crop  cultivation,  and  other  human  activities.  High-
er  malaria  prevalence  has  been  reported  more  often  in  vil-
lages   with   crop   irrigation   schemes   [3,4,24].   Agricultural  
activities   such   as   tilling   the   soil   and  weeding   using   hoes  
generate  larval  breeding  sites.  However,  the  knowledge  of  
anthropogenic   activities   that   contribute   to   malaria   trans-
mission   among   rural   farming   communities   in   Tanzania  
remains  limited  [25].   

Malaria,  in  turn,  impedes  human  workforce  output  and  
agricultural  production,  especially  at  times  when  activities  
are  at  a  peak  [26,27].  Since  various  agricultural  production  
systems   support   mosquito   productivity   and   hence   higher  
malaria   prevalence,   in   economies   that   depend   heavily   on  
agriculture,   innovative   approaches   are   required   to   satisfy  
food  needs,  increase  household  welfare  and  alleviate  pov-
erty  [26,27],  while  minimising  malaria  transmission. 

Agricultural   interventions   are   available   to   control   the  
spread  of  malaria.  Available  techniques  include  filling  and  
draining   of   small   water   bodies,   environmental   modifica-
tions,   and   alternate   wetting   and   drying   of   rice   fields  
(intermittent   irrigation).   Intermittent   irrigation   in   rice  
fields  in  Africa  has  been  shown  to  significantly  reduce  the  
density  of  malaria  vectors  by  curtailing  their  larval  devel-
opment,   while   still   maintaining   yields,   saving  water,   and  
reducing  methane  emissions  [27].  Addressing   the  adverse  
impact  of  agricultural  water   projects  on  both  malaria  and  
the   environment   is   a   challenge.   Communities   as   well   as  
the  agricultural  and  irrigation  sectors  tend  to  focus  on  eco-
nomic   benefits,   paying   little   attention   to   assessing   public  
health  and  environmental  impact.  Agricultural  projects  are  
normally   planned   and   managed   in   isolation   from   other  
aspects   of   development.  Moreover,   the   successful   imple-
mentation   of   measures   to   minimise   such   impacts   is   con-
strained   by   paucity   of   information,   technical   factors,   and  
limitations  in  human,  financial  and  institutional  capacity  as  
well   as   lack   or   weak   intersectoral   collaboration.   In   addi-
tion,  malaria  control  is  difficult  in  agricultural  areas  due  to  
the   fact   that   much   of   it   is   rain-fed,   and   hence   drainage  
cannot  be  carried  out  effectively.  

Livestock   keeping   is   another   important   economic   ac-
tivity  for  a  number  of  communities  in  Tanzania  and  other  
sub-Saharan  African  countries  [28].  Large  groups  of  live-

stock   keepers   in   the   region   are   either   nomadic   or   agro-
pastoralists.  Nomadic  population  movements  have  contrib-
uted  to  the  spread  of  infectious  diseases  [29].  The  constant  
migration   of   pastoralists   from   high-transmission   areas   in  
search  of  pasture  and  water  can  introduce  malaria  parasites  
into   low-transmission   areas.   With   a   poor   health   system,  
tracking  and  treating  these  populations  can  be  challenging  
as  they  are  often  highly  mobile  and  concentrate  in  remote  
locations.  It  has  been  observed  that  failure  to  consider  no-
madic  movements  contributed   to   failure  of  malaria  eradi-
cation   campaigns   in   the   1950s   and   1960s   [30].   As   the  
country   is   striving   to  eliminate  malaria,   it   is   important   to  
examine   the   impact   of   nomadic  pastoralism  on   the   trans-
mission  of  the  disease. 

The   hoof   prints   of   cattle,   sheep   and   goats   have   been  
incriminated   to   create   habitats   for   mosquito   breeding  
[25,31].   In   addition,   some   studies   have   shown   that   the  
presence  of  cattle  may  increase  malaria  prevalence  (a  phe-
nomenon   known   as   zoopotentiation)   [32]   by   attracting  
mosquitoes  to  the  general  proximity  of  the  human  popula-
tion  [33].  However,  the  role  of  livestock  in  diverting  mos-
quitoes  from  feeding  on  humans,  and  transmitting  malaria  
(zooprophylaxis)  has  long  been  known  [33,34].  The  use  of  
animals  as  bait  to  attract  mosquitoes  is  likely  to  be  a  prom-
ising  malaria  control  strategy  [35].   

Fishing   constitutes   an   important   source   of   livelihood  
for   a   sizeable   proportion   of   the   Tanzanian   population.  
However,  malaria  has  been  reported  as  one  of  the  occupa-
tional   hazards   of   fishing   life   (http://www.fao.org/
docrep/006/AD150E/AD150E01.htm).   A   high   prevalence  
of   malaria   has   recently   been   reported   among   pregnant  
women   in   the   fishing   communities   of   Uganda   [36].   In  
West   Africa   higher   rates   of   malaria   transmission   have  
been  reported  in  lagoons  and  coastal  areas  where  An.  gam-
biae  and  An.  melas  are  the  most  common  vectors  [37].  In  
Mali,  more  adult  mosquitoes  and  more  productive  mosqui-
to   larval  habitats  have  been  found   in  fishing  hamlets  dur-
ing  the  dry  season  and  these  were  responsible  for  seeding  
neighbouring   areas   with   mosquitoes   at   the   start   of   the  
rainy  season  [38].   

Fishing  has  been  documented   to   facilitate  outdoor  ex-
posure  of   individuals   to  malaria  vectors   in  India  [39]  and  
Brazil   [40].  Most   fishing   communities   live   either   in   tem-
porary,   simple  mud-and-wattle  dwellings  with  a  grass-  or  
reed-thatched  roof.  Such  environmental  conditions  expose  
individuals   to   mosquito   bites,   and   hence   malaria   infec-
tions.  A   study   carried   out   in   Senegal   established   that   the  
probability   of   dying   at   ages   1-4   years   was   50%   higher  
among   children   living   in   traditional   homes   common   in  
fishing  villages,  than  among  those  in  modern  homes  [41].  
The  fact  that  many  people  sleep  in  makeshift  shelters  or  in  
other   quarters   that   afford   little   protection   against   being  
bitten   by   malaria   mosquitoes,   together   with   all   the   time  
spent  on  or  near  the  water  during  the  night  means  that  the  
possibility  of  exposure  to  malaria  is  maximised. 

It  has  been  shown  in  Kenya  that  fishery-related  activi-
ties  aggravate  the  problem  of  malaria  along  Lake  Victoria  
basin.   In   Kenya,   the   common   use   of   earthworms   as   fish  
bait  has  been  attributed  to  the  increase  in  mosquito  breed-
ing  sites.  The  earthworms  are  normally  extracted  from  wet  
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soil  by  digging  holes  using  hands.  The  open  excavated  pits  
that   are   left   behind   hold   water   that   supports   mosquito  
breeding,   so   exposing   local   communities   to   an   increased  
risk  of  mosquito  bites  (W.R.  Mukabana  et  al.,  unpublished  
data).   Marshes,   papyrus   swamps,   and   pools   of   stagnant  
water   are   also   common   features   around   fishing   villages  
and  camps.  These  are  known  to  offer  ideal  breeding  habi-
tats  for  mosquitoes.   

With  the  current  deforestation  in  Tanzania,  brick  mak-
ing   is   becoming   an   important   alternative   in   house   con-
struction.   Brick   making   and   the   need   to   re-plaster   mud  
built  houses  result  in  the  increase  of  borrow  pits  that  sup-
port   mosquito   breeding   [23].   Like   in   Kenya   [42],   brick  
making  in  Tanzania  is  predominantly  a  dry  season  activity.  
The   used   stages   in   the   brick  making   process   are   excava-
tions,   fermentation,  moulding,  drying  and  kilning.  During  
the  moulding  stage,  water  is  brought  into  the  brick  pits  and  
mixed   with   soil.   Once   the   pits   are   abandoned   during   or  
after   the  kilning  stage,   the  pit  accumulates  rainwater  and/
or   groundwater   [42]   thus,   providing   potential   mosquito  
breeding   sites.  Since  brick  making   is   done  mostly  during  
the  dry  season,  it  may  aid  in  maintaining  mosquito  popula-
tions  year  round. 

 
2.2 Impact  of  malaria  on  livelihoods  
 
Agriculture  and  other  kinds  of  livelihoods  generate  income  
and,  thus,  influence  living  conditions,  which  can  affect  the  
transmission   and   severity   of   malaria.   In   Tanzania,   im-
proved  socio-economic  status  due  to  rice  growing  has  been  
found  to  lead  to  reduced  malaria  prevalence  [25].  Similar-
ly,   studies   in  Kenya   have   shown   that  malaria   prevalence  
was  lower  in  irrigated  villages,  in  this  case  apparently  be-
cause   the  predominant  mosquito  species  preferred   to  feed  
on  cattle  rather  than  on  humans  [27].  This  situation  can  be  
explained   by   a   number   of   reasons   including   the   wide-
spread  use  of  mosquito  bednets  and  antimalarial  drugs  as  a  
result  of  the  general  improved  livelihoods.  As  residents  of  
the   irrigation   scheme   become   wealthier   due   to   income  
generated   from   agricultural   production,   some   of   it   is   di-
verted  to  healthcare.  It  has  recently  been  observed  in  cen-
tral   Tanzania   that   households   with   greater   financial   re-
sources   are   better   able   to  purchase   and   correctly   use  ma-
laria  prevention  methods  [43].   

It   should   be   noted,   however,   that   malaria   not   only  
causes  ill  health  and  death,  but  also  has  great  impact  on  the  
economic  development  of   the  household   in   several  ways.  
It  is  important  that  households  realise  the  economic  impact  
of   malaria   that   will   motivate   them   to   protect   themselves  
from   the   disease   and   increase   productivity.   Identification  
and   better   understanding   of   potential   risk   factors   for  ma-
laria   are   important   for   targeted   and   cost-effective   health  
interventions.   

Although   many   socio-economic   determinants   of   dis-
ease  have  been  intensively  studied,  crop  agriculture,  pasto-
ralism  and  fishing  as  important  aspects  of  society  and  en-
vironment  have  been  inadequately  addressed.  In  such  com-
munities,   poor   health   reduces   income   and   productivity,  
further   decreasing   people’s   ability   to   address   poor   health  
and  inhibiting  economic  development.   

3 Current  malaria  strategic  interventions 
 
3.1 Malaria  disease  management  
 
Early  and  accurate  diagnosis  of  malaria  is  critical  for  prop-
er  case  management.  However,  most  malaria  diagnoses  in  
Tanzania   are   based   on   history   and   clinical   examination.  
Malaria  case  definition  poses  a  challenge  because  patients  
usually  present  with   signs  and  symptoms   that  are  charac-
teristics   of   many   other   febrile   illnesses.   Tanzania   has   an  
extensive  network  of  both  public  and  private  health  facili-
ties.   The   majority,   however,   do   not   provide   laboratory  
services.   

Studies  in  Tanzania  have  shown  that  service  provision  
for   malaria   case   management   has   shown   some   improve-
ment   in   terms   of   coverage.   In   studies   carried   out   in  
2008/2009  and  2012,  the  capacity  for  both  malaria  diagno-
sis  and  treatment  was  reported  to  be  available  in  over  80%  
of  all  facilities  in  Tanzania  [46,47]  (Table  1).  This  shows  a  
marked   increase   as   compared   to   33%   in  2006.   In  Tanza-
nia,   much   improved   services   for   malaria   treatment   have  
been   observed   in   terms   of   presence   of   trained   staff   and  
availability  of  malaria  treatment  guidelines.   

On-site   malaria   diagnostic   capacity   has   improved  
markedly  from  30%  in  2009  to  75%  in  2012  [46,47].  This  
is  mainly  due  to  the  major  improvement  in  the  availability  
of  malaria  rapid  diagnostic  tests  (mRDT)  [48],  which  was  
only  available  in  6%  of  facilities  in  2009.  The  introduction  
of   mRDT   has   reduced   unnecessary   use   of   antimalarial  
drugs  [49,50].  On  the  other  hand,  the  availability  of  Arte-
misinin-based  Combination  Therapy  (ACT)  was  the  same  
in  both   the  2008/2009  and  2012   facility   surveys  with  77-
80%  of  the  facilities  having  the  first-line  antimalarial  drug  
in  stock.   

Intermittent   preventive   treatment   among   pregnant  
(IPTp)  women  in  Tanzania  is  still   low  and  declining.  Ac-
cording   to   country-wide   population   surveys,   the   propor-

Variable 2008/ 
2009 2012 

Offering  diagnosis  (%) 81 86 
Offering  treatment  (%) 97 86 
Facilities  with  malaria  treatment  services  (n) 603 1209 
Trained  staff  (diagnosis  and  treatment)  (%) 66 59 
Guidelines  available  (%) 64 60 
Trained   in   Intermittent   Preventive   Treat-
ment  (%) - 37 

Guidelines  on  Intermittent  Preventive  Treat-
ment  (%) - 45 

Diagnostic  capacity  on  site*  (%) 30 75 
Artemisinin   Combination   Therapy   in   stock  
(%) 80 77 

Sulfadoxine-pyrimethamine  (%) 80 78 
Insecticide  treated  mosquito  nets  (%) - 61 
Total  health  facilities  (n) 635 1297 

 
Table  1.  Malaria  service  readiness  of  health  facilities  in  Tanzania,  
2009  and  2012 

*  Rapid  diagnostic  test  or  microscopy 
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tion  of  mothers  who  received  two  doses  of  IPTp  during  the  
last  pregnancy  has  remained  low  over  the  years  being  22%  
in   2005   [51],   30%   in   2008   [52],   27%   in   2010   [53]   and  
31.4%   in  2012   [54],   an   erratic   trend  which   is   unlikely   to  
meet  the  set  national  target  of  80%  coverage  by  2015.  Sev-
eral  factors  can  be  attributed   to  the  declining  use  of  IPTp  
or  low  compliance  to  IPTp  among  pregnant  women  in  the  
country.   These   include   socio-cultural,   individual   and  
health  system  related  factors  [23,55]. 

 
3.2 Mosquito  control 
 
The   use   of   insecticide   treated   nets   (ITNs)   has   been   the  
mainstay  of  malaria  control   in  Tanzania   for   the  past  dec-
ade.  There  has  been   an   increase   in   the   household  owner-
ship  of  insecticide  treated  mosquito  nets  from  9%  in  2001  
to   91.5%   in   2012   [53,54]   (Figure   1).   Initially,   the   rural  
areas  were   reported   to  own   fewer  mosquito   nets   as   com-
pared   to  urban  areas  [53].  However,  a   recent  survey   indi-
cates  that  the  level  of  mosquito  net  ownership  in  rural  are-
as  has   increased   to  92.7%  while   in   urban   areas   it   rose   to  
86.8%  [55].  The   increase   in  net  ownership   in   the  country  
is   highly   attributed   to   government   initiatives   and   donor  
programmes  to  distribute  nets  subsidised  or  free  of  charge  
to  households  or  to  vulnerable  groups  [56,57].  Since  2004,  
there  has  been  an  increase  in  availability  and  accessibility  
of  ITNs  to  pregnant  women  and  infants  through  subsidies.  
From   2008   to   2010,   a  mass   distribution   campaign   deliv-
ered  9  million   long-lasting  nets   free  of  charge   to  children  
under-five   years   of   age.   In   2010   and   2011,   a   universal  
coverage  campaign  was  implemented  to  cover  all  sleeping  
spaces.  By  2011,  the  total  number  of  distributed  ITNs  was  
close   to   28   million   [57].   ITN   use   among   children   under  
five   years   of   age   increased   massively   countrywide   since  
2005  (12.2%),  reaching  72.7%  in  2012  [54].  On  the  other  
hand,   recent   surveys   indicate   that   76.2%   of   the   pregnant  
women  use  ITNs.  The  proportion  of  pregnant  women  who  
live  in  households  with  at   least  one  ITN  is  currently  82%  
[54].  These  usage  levels  confirm  that  Tanzania   is  well  on  

track  to  reach  its  national  target  of  80%  in  2013. 
In  Tanzania,   the  use  of  indoor  residual  spraying  (IRS)  

has  been  adapted  to  complement  the  scaling  up  of  ITNs  in  
epidemic-prone   districts.   Until   2007,   IRS   was   limited   to  
epidemic-prone   areas   of   the   Kagera   region   in   north-
western   Tanzania   [53,58].   Recently,   however,   the   IRS  
programme   has   been   expanded   to   include   other   holoen-
demic   areas   for   malaria   transmission,   especially   around  
the   Lake   Victoria.   A   recent   survey   has   reported   an   in-
crease   of   the   percentage   of   households   sprayed  with   IRS  
in  the  Kagera  region  [54].   

The  utilisation  of  other  malaria  interventions  including  
screening  of  houses  and  larval  source  management  (LSM)  
has  received  little  attention.  The  majority  of  houses  in  ru-
ral  Tanzania  are  built  of  wooden  poles-and-mud  walls,  and  
thatched  with   coconut   palms   or   grass   [45].  A   larger   pro-
portion  of   the  population   in  rural  area   live   in  poorly  con-
structed  houses  and  only  a  few  houses  have  windows  with  
mosquito  gauze.  Housing  conditions  have  been  suggested  
as  one  of  the  potential  risk  factors  in  malaria  transmission  
[59].   A   number   of   studies   have   already   shown   that   the  
design   of   a   house   significantly   affects   the   incidence   of  
malaria   infection   [60-62].   In   a   recent   study   only   23.9%  
(range=3.6-38.9%)   of   the   households   were   reported   to  
have  window  screens   [45].  The   low  proportion  of  houses  
with   screened  windows   is   an   important   issue   to   consider  
while  sustaining  the  gains  of  malaria  control  through  other  
measures.   It   is   important   that   house   characteristics   are  
taken   into   consideration   when   designing   future   interven-
tions  against  malaria.  Similarly,  mosquito  control  through  
LSM,   including   larviciding,   is   limited.     So  far,   the  use  of  
larviciding  has  been  restricted  to  Dar  es  Salaam,  but  there  
are  plans  to  extend  this  intervention  to  other  urban  areas.   

 
4 Towards  malaria  elimination  in  Tanzania 

 
There   is   evidence   that   malaria   incidence   and   prevalence  
rates  are  declining  in  Tanzania.  For  instance,  in  2008,  the  
overall  malaria  prevalence  among  under-fives  in  Tanzania  
was   18.1%   [52].   In   a   recent   national   survey   (2011-2012)  
an  overall  prevalence  of  malaria  of  9.7%  based  on  malaria  
rapid  diagnostic  test  (RDT)  and  4.2%  based  on  microsco-
py   among   under-fives   was   reported   [54].   Comparing   the  
results   of   2008   and   2012,   there  was   a   significant   decline  
(46.4%)  in  malaria  prevalence  among  children  under-fives  
in  the  country.   

The   decline   of   malaria   prevalence   in   Tanzania   has  
been  observed  in  all  geographical  zones  (Figure  2).  In  both  
surveys,   the   Lake,   Southern   and  Western   zones   had   the  
highest  prevalence.  The  lowest  prevalence  was  observed  in  
the  northern  and  southern  highland  zones.  Lake,  Southern,  
Western   and   Eastern   regions   also   observed   marked   de-
clines   between   2008   and   2012.  Nevertheless,   the   decline  
must   be   interpreted   with   caution   because   different   rapid  
diagnostic  tests  were  used  in  the  two  surveys.   

Area-specific  studies  have  also  shown  a  similar  declin-
ing  trend  in  malaria  prevalence  in  some  parts  of  the  coun-
try.   In   the   Korogwe   district   of   north-eastern   Tanzania,  
community-based  studies  have   reported  a  progressive  de-
cline  in  the  prevalence  of  malaria  parasitaemia  in  the  low-

Figure   1.   Insecticide-treated  mosquito  net  coverage  in  Tanzania,  
2001-2012. 
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lands   from   78.4%   in   2003   to   13.0%   in   2008   and   in   the  
highlands   from   24.7%   to   3.1%   [63].   In   another   recent  
study  in  the  neighbouring  district  of  Muheza,  a  remarkable  
decline  of  P.   falciparum  was  observed  between  1992  and  
2012   [64].   In   Muleba   district   of   north-western   Tanzania  
where   IRS   is   the  main  malaria  control   strategy,  a   signifi-
cant  decline  from  20.1%  in  2007  to  6.6%  in  2008  has  been  
recorded   [58].   In   Mvomero   district   in   central   Tanzania,  
overall   district   malaria   prevalence   has   declined   from  
34.5%   in   2008   to   5.4%   in   2011   (Mboera   et   al.,   un-
published).   In   addition,   one   facility-based   study   in  north-
ern  Tanzania   has   also   reported   a   decreasing   incidence   of  
malaria  during  the  period  of  2006-2010  [65]. 

Analysis   of   Health   Management   Information   System  
(HMIS)   data   also   indicated   some   slight   decline   in   the  
number   of   malaria   cases   in   the   outpatient   department.  
While   a   clear   decline   in   number   of  malaria   cases   among  
under-fives   was   observed   from   2009,   that   of   individuals  
over  5  years  was  clear  from  2010.  There  was  a  decline  of  
malaria  cases  by  28.0%  in  under-fives  from  2009  to  2012  
while  a  decline  by  29.7%  was  observed  among  individual  
5  years  and  above  from  2010  to  2012.  From  2004  to  2012,  
an  overall  35.4%  reduction  in  malaria  incidence  per  1000  
population  has  been  reported  in  Tanzania. 

An   analysis   of   facility   data   from   the   HMIS   database  
has   also   indicated   a   slight   decline   in   inpatient   cases   and  
deaths  in  recent  years.  Total  number  of  malaria  inpatients  
has  slowly  declined  by  13.3%  from  2010  to  2012.  Among  
the  under-fives,   the  number  of  admissions  due   to  malaria  
also  decreased  by  25.3%  during  the  same  period.  The  total  
number  of  deaths  due  to  malaria  has  declined  by  29.9%  (in  
<5years=37.1%;;   ≥5years   =19.4%)   between   2009   and  
2012.   

In  recent  years,  malaria  case  fatality  rates   (CFR)  have  
declined  for  all  age  groups.  For  instance,  CFR  in  <5  years  
old   group   declined   from   2.19   in   2009   to   1.84   in   2012  
while  in  the  ≥  5  years  old  individuals  it  declined  from  2.24  
in   2009   to   1.54   in   2012.   The   decline   in   CFR   was   quite  
marked  among  individuals  ≥5  years  old.  The  decline  indi-
cates   an   improvement   in  malaria   case  management   at   fa-
cility  level.  The  decline  in  number  of  deaths  due  to  malaria  
in  Tanzania  during  the  last  decade  has  been  supported  by  a  

recent  analysis  [66],  which  indicates  that  malaria  mortality  
and  cumulative  probability  of  deaths  in  Tanzania  markedly  
decreased  between  2000  and  2010  (Figure  3). 

The  decline   in  malaria   transmission  has  been  reported  
to   coincide   with   a   decrease   in   malaria   vectors,   the   An.  
gambiae  complex  and  An.  funestus  groups  [67],  as  well  as  
a   change   in   the   composition   of   the   members   of   the   An.  
gambiae  s.l.  complex.  Available  statistics  indicate  that  An.  
arabiensis   is   now   the   predominant   member   of   the   An.  
gambiae  s.l.  complex  in  coastal  areas  of  north-eastern  Tan-
zania,   which   was   previously   dominated   by   An.   gambiae  
s.s.   [68].   The   cause   of   the   observed   decline   in   malaria  
mosquitoes  and  change  in  the  composition  of  the  members  
of  the  An.  gambiae  s.l.  complex  remains  somehow  specu-
lative.  However,   some   researchers  have   reported   that   im-
proved  access  to  ITNs  has  contributed  to  an  18-fold  reduc-
tion  in  the  number  of  infectious  bites  per  year  [69]. 

It   has   been   reported   elsewhere   that   mosquito   control  
interventions  using  ITNs  can  lower  abundance  and  change  
the  species  composition  of  anopheline  mosquitoes  [70,71].  
Recent  studies  in  north-eastern  Tanzania  and  western  Ken-
ya   has   further   suggested   that   ITNs   are  more   effective   in  
killing   An.   gambiae   s.s.   and   An.   funestus   than   An.   ara-
biensis  [69,70].  The  changes  in  the  composition  and  abun-
dance  of  An.  gambiae  s.l.   complex  have   important   impli-
cations  for  the  transmission  of  malaria  and  might  partly  be  
the  driver  of  the  observed  decline  in  malaria  transmission  
in  Tanzania  [69-71].   

The   decline   of   the   malaria   burden   has   been   reported  
recently   in   other   areas   of   sub-Saharan  Africa   [72].  Anal-
yses  of  malaria  incidence  in  endemic  regions  have  demon-
strated   marked   reductions   in   cases   of   the   disease   largely  
through   the   use  of   long   lasting   insecticidal   nets.  Funding  
for  malaria  prevention   in  Africa  over   the  past  decade  has  
had  a  substantial  impact  on  decreasing  malaria-attributable  
child  deaths  and  that  ITNs  accounted  for  99%  of  the  lives  
saved   [73].  Nonetheless,   one   longitudinal   study   in   north-
eastern  Tanzania  has  documented  that  there  was  a  signifi-

Figure  2.  Malaria  parasitaemia  in  Tanzanian  children  <5  years  of  
age,  by  geographical  region.   

Figure   3.  Number  of  deaths  and  cumulative  probability  of  death  
(CPD)  per  1000  population  in  Tanzania,  1990-2010.   
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cant   decrease   in   malaria   transmission   before   these   areas  
were   widely   covered   with   ITNs   [67].   It   is   likely   that,   in  
addition  to  ITN  and  IRS,  environmental  changes,  econom-
ic   development,   demographic   stabilisation,   greater   politi-
cal   stability,   and   improved   coverage   of   basic   health   ser-
vices   have   impacted   malaria   morbidity   and   mortality   in  
these  areas  and  other  parts  of  sub-Saharan  Africa. 

 
5 Implications   and   challenges   of   malaria  

elimination  strategies  in  Tanzania 
 
Despite   the   remarkable   progress   in   combating  malaria   in  
Tanzania,   the   country   is   faced   by   multiple   challenges.  
These   include  challenges  related   to   the  human  host,  mos-
quito  vectors,  parasites  and  health  systems  (Table  2).   

 

 
 

5.1 Challenges   related   to   the   human   host  
  and  behaviours 
 
Protective   immunity   against   malaria   is   acquired   with   an  
increase  in  exposure  to  malaria  parasites  [74,75].  In  areas  
with   high   transmission   the   prevalence   and   density   of   P.  
falciparum   parasitaemia   and   the   incidence   of   fevers   or  
severe   malaria   outcomes   increases   with   age   for   the   first  
months  of  life  and  then  decreases  gradually  [74].  In  these  
areas,  infants  and  young  children  carry  a  very  high  disease  
burden  but  protective  immunity  develops  with  increase  in  
age  [74].  Adults  and  older  children  are  able  to  control  par-
asitaemia  and  therefore  only  rarely  suffer  from  severe  ma-
laria  symptoms  [74].  Communities  or  individuals  living  in  
areas  where  malaria   transmission   is   low  and  seasonal,  on  
the   other   hand,   remain   at   high   risk   of   developing   severe  
disease  because  of   the   slow  development  of  acquired   im-
munity  [76].   

The  high  coverage  and  intensive  use  of  ITNs  and  IRS  
decreases   exposure   and   risk   of   malaria   to   users   [63,72].  
Thus,  the  intensive  use  of  these  interventions  in  communi-

ties   that   have   developed   some   level   of   anti-malarial   im-
munity  could  result  in  loss  or  failure  to  acquire  protective  
immunity   and   increase   the   burden   of   the   disease   in   the  
long  term.  In  Senegal  and  Tanzania  intensive  use  of  ITNs  
has  resulted  into  an  age-shift  of  malaria  related  morbidity  
[64,  74,75]  and  an  increase  in  the  median  age  of  children  
who  were  admitted  with  severe  malaria  has  been  observed  
[65].   A   decrease   in   malaria   transmission   intensity   is  
known   to  be  associated  with   an   increase   in  age  of   severe  
malaria  cases  [76].  It  is  possible  that  the  initial  success  of  
ITNs  and  IRS  may  disappear  during  long-term  application  
because  of   fading  pre-existing   immunity   levels.  The   shift  
in  the  populations  most  at  risk  of  malaria  raises  important  
questions   for   malaria-eliminating   countries,   since   tradi-
tional  control   interventions  are   likely   to  be   less  effective.  
Approaches   to   elimination   need   to   be   aligned  with   these  
changes through   the   development   and   adoption   of   novel  
strategies  and  methods.  There  is  a  need  for  further  studies  
to   elucidate   the   consequences   of   sustained   reductions   in  
malaria  transmission  on  community  protective  immunity. 

There  have  been   reports   from   some  African   countries  
that   ITNs  are  used  for  purposes  other   than  mosquito  con-
trol  [77].  Reports  of  misuse  of  nets  in  Tanzania  include  the  
improvising  of  nets   as  wedding  veils,   for   fishing,   as  pro-
tection   of   crops,   as   chicken   coops   to  protect   against   vul-
tures,   or   become   used   as   ropes.   Considerable   misuse   of  
mosquito  nets   for   fishing   and  drying  of   fish  has  been   re-
ported   from   Kenya   [77,78].   Although   the   proportion   of  
misused   nets   is   likely   to   be   low,   such   acts   are   likely   to  
increase  and  may  hamper  the  efforts  in  malaria  control.   

Seasonal   use   of   ITNs   has   also   been   reported   in   East  
Africa.  Some  workers  [79]  reported  some  households  in  a  
number  of  districts  of  Tanzania  were  not  using  nets  during  
the   cool   and   cold   seasons.   In  western  Kenya,   it   has  been  
found  that  one-third  of  the  mosquito  nets  recipients  did  not  
adhere  to  net  use  and  that  net  use  was  reported  to  decrease  
during  hot  weather  [80].   

   
5.2 Challenges  related  to  malaria  vectors  
 
5.2.1 Insecticide  resistance 

 
Recent   studies   in   Arumeru,   Moshi,  Muheza   and  Muleba  
districts  of  Tanzania  have  reported  that  An.  gambiae  s.l.  is  
resistant   to   permethrin,   deltamethrin   and   lambdacyhalo-
thrin   [81,82].   In   a   recent   study,   susceptibility   tests   have  
shown  that  An.  arabiensis  on  Pemba  Island  in  Zanzibar  are  
resistant  to  the  pyrethroids  used  on  ITNs  and  for  IRS  [83].  
Similarly,  in  Chad  and  Senegal,  studies  have  revealed  high  
levels  of  resistance  to  permethrin  and  deltamethrin  in  sev-
eral  An.  gambiae  s.l.  populations  [84].  In  addition,  studies  
in  Mozambique   and  Malawi   revealed   that  An.   funestus   is  
resistant  to  pyrethroids  [85,86].  The  emergence  and  spread  
of  pyrethroid  resistance  among  members  of  the  An.  gambi-
ae   complex   group   raises   serious  questions   about   the   sus-
tainability  of  malaria  vector  control  in  endemic  areas. 

 
5.2.2 Mosquito  behavioural  changes 

 
ITNs   and   IRS   are   optimally   effective  where   the  majority  

Challenges  
related  to: 

Specific  issue 

Humans Loss  of  protective  immunity 
Patient-provider  compliance  with  interventions 
Misuse  of  interventions 
Livelihood   factors   contributing   to   malaria  
transmission 

Vectors Mosquito  resistance 
Mosquito  behavioural  changes 

Parasites Parasite  resistance 
Health  
systems 

Health  care  delivery 
Weak   surveillance   system   and  monitoring   and  
evaluation 
Inadequate  local  budget  and  donor  dependency 
Management  of  non-malarial  fevers 
Governance   (lack   of   community   engagement  
and  intersectoral  collaboration) 

Table  2.  Challenges  in  malaria  control  in  Tanzania 
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of  baseline  transmission  occurs  indoors.  With  an  intensive  
use   of   ITNs   and   IRS,  malaria  mosquitoes   have   been   ob-
served   to   increasingly   bite   outdoors.   A   recent   study   in  
south-eastern  Tanzania  has  shown  that  high  usage  of  ITNs  
has  dramatically  altered  vector  populations  so  that  intense,  
predominantly   indoor   transmission   has   been   replaced   by  
greatly  lowered  residual  transmission,  a  greater  proportion  
of  which   occurs   outdoors   [69,70].   In   a   previous   study   in  
north-eastern  Tanzania  [87],  in  an  area  with  a  vector  popu-
lation  which  consisted  exclusively  of  An.  arabiensis,  per-
methrin-treated  nets  were   shown   to  provide   some  protec-
tion   against   malaria.   Contrary   to   this   observation,   in   the  
area  with  a  mixture  of  An.  gambiae  and  An.  arabiensis,  no  
protection  was  detected,  due  to  the  difference  in  the  biting  
pattern   of   the   vectors   in   the   two   areas.   In   the   area   with  
exclusively   An.   arabiensis   vectors,   the   biting   peak   was  
observed   at   around   midnight   then   falling   steadily   to   its  
minimum  level  at  06:00  am.  In  contrast,  in  the  area  where  
An.   gambiae   and  An.   arabiensis   exist   together,   the   peak  
was   observed   after   02:00   am   stretching   to   around   04:00  
am.  The  biting  continued  until  07:00  am  with  over  5%  of  
the  biting  occurring  between  06:00  and  07:00  am  -  indicat-
ing  an  outdoor  biting  preference  following  the  introduction  
of   insecticide   treated  materials   [87].  The  heterogeneity   in  
mosquito   biting   and   resting   behaviour   requires   specific  
targeted   interventions.   Early   and   very   late   biting   activity  
by  malaria  vectors   is   likely   to  have  a   negative   impact  on  
the  efficiency  of  mosquito  nets  to  control  malaria  [88].   

 
5.3 Challenges  related  to  health  systems  
 
Delivering   public   health   services   requires   functional   and  
effective   health   systems   including   capable   innovative  
health  leadership,  qualified  healthcare  providers,  effective  
human  resource  systems,  reliable  data  and  adequate  physi-
cal  infrastructure  [89].  To  date,   the  access  to  health   inter-
ventions  is  still  a  major  challenge  for  a  large  proportion  of  
the  rural  population.  Despite  the  national  and  international  
efforts  to  support  malaria  interventions  in  terms  of  antima-
larials  and  distribution  of  ITNs,  the  health  system  in  Tan-
zania   continues   to   be   weak   and   suffers   from   inadequate  
mechanisms  for  delivering  primary  health  care  services  to  
individuals   and   communities   in   need   [23].   For   instance,  
many  of  the  limitations  of  current  vector  control  practices  
can   be   attributed   to   deficiencies   in   health   infrastructure  
that   prevent   access   to   proven   interventions.   To   be   effec-
tive,  intervention  tools  need  to  be  usable  within  the  availa-
ble   health   system   framework   and   implemented   appropri-
ately  so  that  the  end  user  is  able  to  benefit  from  them.   

 
5.3.1 Malaria  case  management 
 
The  introduction  of  mRDT  is  facing  a  number  of  challeng-
es.   It   has   resulted   in   over-prescription   of   antibiotics   that  
pose   a   threat   on   drug   resistance   [48].   There   are   also   a  
number   of   shortcomings   related   to   the   performance   and  
accuracy  of  the  tests,  which  depend  on  test  preparation  and  
interpretation   [90].   Incorrect   preparations   and   interpreta-
tion   of   test   results   could   result   into   incorrect   diagnosis,  
leading   to   unnecessary   use   of   antimalarial   treatment,   and  

therefore   failure   to   address   the   real   cause   of   fever   in   pa-
tients  who  do  not  have  malaria  [91,92].   

Malaria  rapid  diagnostic  tests  assist  in  the  diagnosis  of  
malaria   by   detecting   evidence   of  malaria   parasites   in   hu-
man   blood   [93].   The   fact   that   the   currently   available  
mRDTs  suffer  from  low  sensitivity  when  used  in  individu-
als  with   low  malaria  parasitaemia   [94,95]  emphasises   the  
need  for  the  test  to  be  used  in  conjunction  with  other  meth-
ods  to  confirm  the  results,  characterize  infection  and  moni-
tor   treatment   [96].  The  high   costs   of   treating  malaria,   to-
gether  with  recognition  of  the  importance  of  non-malarial  
fevers,   has   prompted   a   reconsideration   of   anti-malaria  
strategies  based  on  evidence  of  malaria  parasitaemia.  The  
World  Health  Organization  has  recommended  the  need  for  
parasitological-confirmed   antimalarial   treatment   where  
possible  [96]  and  whenever  malaria  is  suspected.   

During  the  past  twelve  years,  Tanzania  has  changed  its  
first-line   antimalarial   drug   twice.   In   2001,   first-line   anti-
malarial  treatment  was  changed  from  chloroquine  to  sulfa-
doxine-pyrimethamine   (SP)  and   in  2006   from  SP   to  arte-
misinin-based   combination   therapy   (ACT)   [97].   An   im-
provement  in  access  to  malaria  treatment  using  ACTs  dis-
pensed   through   accredited   drug   dispensing   outlets   has  
been   observed   in   Tanzania   [98].   However,   their   wide-
spread  use  for  treating  patients  with  P.  falciparum  malaria  
raises   the   questions   of   emerging   drug   resistance   [99].  
Studies   in   Cambodia   and   Thailand   have   shown   growing  
evidence   that   P.   falciparum   parasites   are   developing   re-
sistance   against   artemisinin   monotherapy   [100].   To-date,  
there  are  no  reports  of  resistance  to  ACTs  in  Tanzania. 

Antimalarial   drug   stockout   is   common   in   Tanzania  
[23,46,99].   It   has  been   reported   that   the  percentage   aver-
age  stock  out  days  of  all  types  of  ACT  ranges  from  1.3  to  
46  days  [101].  The  main  reasons  for  stockout  of  antimalar-
ials   at   public   health   facilities   are   poor   forecasting   and  
quantification   [101].   Similar   findings   have   been   reported  
from  Kenya   [102]   and  Malawi   [103].   In   addition   to   fre-
quent  stockout  of  antimalarial  drugs,  malaria  case  manage-
ment  in  Tanzania  is  facing  a  number  of  challenges  in  terms  
of  the  quality  of  antimalarial  drugs.  Almost  a  third  of  anti-
malarial   drugs   sold   in   Tanzania   are   substandard   [104].  
Substandard  ACTs   are   among   the   threats   driving   clinical  
failure  of  malaria  treatment  [105-107].  In  a  study  on  anti-
malarial   drug   quality   in   parts   of   Africa   it   was   observed  
that   35%   of   tested   samples   were   substandard   [108].   The  
availability  of   counterfeit   drugs   in   the  market   is   likely   to  
be  due  to  the  fact  that  governments  in  Africa  lack  the  abil-
ity   through  customs  and  policing   to   stop   these  medicines  
entering   the  private  market,  where  most   people  buy   their  
treatment  [109,  110]. 

There  are  a  significant  number  of   febrile  diseases   that  
are   diagnosed   as  malaria   in   Tanzania.   Early   studies   con-
ducted  at  a  hospital  in  north-eastern  Tanzania  showed  that  
25%  of   the   cases   admitted   as   severe  malaria   cases   could  
not   be   associated   with   the   presence   of   malaria   parasites  
[111].   This   confirms   that   malaria   misdiagnosis   is   still   a  
problem  [112].  If   the  management  of  non-malarial  febrile  
illness  is  not  addressed,  it  is  likely  that  many  cases  of  non-
malarial  fever  will  continue  to  be  treated  with  anti-malarial  
drugs,   especially   at   this   time  when  malaria-related   fevers  
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have   significantly   declined   in   endemic   areas   [113].   This  
could  lead  to  drug  resistance  and  waste  of  expensive  drugs  
such  as  ACTs  [114].   

 
5.3.2 Human  resources 
 
Delivering   public   health   services   requires   functional   and  
effective   country-level   health   systems:   capable   health  
leaders,   qualified   healthcare   providers,   effective   human  
resource   systems,   reliable   health   information,   adequate  
physical  infrastructure,  and  many  other  critical  inputs.  It  is  
important   that  Tanzania   addresses   human   resource   issues  
and   ensures   that   there   are   adequate   numbers   of   well-
trained  personnel  to  diagnose  malaria,  manage  cases,  pre-
vent  transmission  and  vigilantly  track  malaria. 

 
5.3.3 Malaria  surveillance 
 
Despite   the  success  recorded  in  malaria  control   in  Tanza-
nia  the  disease  surveillance  system  is  weak.  The  effective-
ness   of   a   surveillance   system   at   the   district   and   facility  
levels   depends   on   the   ability   of   staff   to   utilise   the   infor-
mation   properly.   Since   2001,   Tanzania   has   been   making  
concerted  efforts   to  strengthen   its   Integrated  Disease  Sur-
veillance  and  Response  system.  In   this   system,  malaria   is  
one  of  the  priority  diseases  that  are  to  be  reported  monthly.  
In   a   recent   study   in   central   Tanzania   it   was   found   that  
most  of   the  health  facilities   face  difficulties   in  submitting  
reports   due   to   lack   of   resources   and   feedback   from   the  
district   authority.   Most   of   the   health   facilities   perform  
minimal   data   analysis   [23].   It   is   over   10   years   since   the  
introduction   of   the   Integrated   Disease   Surveillance   and  
Response   strategy   in  Tanzania,   yet   data  management   has  
remained  weak  in  most  of  the  districts  [115]. 

 
5.3.4 Inadequate  local  budget  and  donor-dependence 

 
Eighty-five  percent  of  the  activities  in  the  strategic  plan  of  
the   national   malaria   control   programme   in   Tanzania   is  
funded  by   external   donors   [116].  Much  of   the  Tanzanian  
successes  in  malaria  control  can  therefore  be  attributed  to  
the  financial  support  from  the  Global  Fund  to  Fight  AIDS,  
Tuberculosis  and  Malaria  and   the  US  President’s  Malaria  
Initiative.  The  Global  Fund  contributes  about  two-thirds  of  
the  world's  funding  for  malaria  programmes,  and  since  its  
inception   has   supported   distribution   of   230  million   ITNs  
and  a  similar  number  of  doses  of  artemisinin-based  drugs  
[117].  Unfortunately,   the  donor   funding   has   spawned  de-
pendency   and   expectation   among   its   recipients.  Should   it  
disappear,  or  radically  diminish,  Tanzania  and  other  donor
-dependent   countries   would   be   hard-pressed   to   finance  
malaria  control  efforts  and  the  consequences  will  be  severe  
(http://www.nature.com/news/global-health-hits-crisis-
point-1.9951). 

Interventions  that  are  externally  funded  are  not  sustain-
able   [118].   Internal   funding   should   always   represent   the  
ultimate  goal  of   local  malaria   interventions   to  ensure   that  
such  interventions  are  sustainable  in  the  long  term.  Unfor-
tunately,  this  has  not  been  a  priority  for  many  health  inter-
ventions  and  has  resulted  in  the  failure  to  sustain  the  initial  

gains  made.  Reliance  on  outside  funding  is  one  of  the  rea-
sons   for   intervention   failure   once   external   funding   and  
political  will  diminishes  [119].   

The   current   universal   coverage   with   interventions  
needs  to  be  maintained  until  the  beginning  of  the  elimina-
tion   stage,   requiring   long-term   political   commitment   and  
high  and  predictable  funding.  However,  as  successful  con-
trol  efforts  reduce  the  burden  of  malaria,   there  is  a  strong  
risk  of  donor   fatigue  and   that   interest   in  malaria  elimina-
tion   could   drop   amongst   key   stakeholders.   For   govern-
ments,  it  is  likely  that  the  attention  on  malaria  will  natural-
ly  shift   to  other  health  priorities.  On  the  other  hand,  there  
will  be   little  motivation  among  individuals   to  sleep  under  
ITNs,  thus  putting  themselves  at  risk  of  malaria  infection.  
Risk  of   ‘malaria   fatigue’  needs   to  be  addressed  appropri-
ately  as  it  could  lead  donors   to  lower  funding  for  malaria  
control,   the   government   to   put   less   emphasis   on   malaria  
control   and   the   public   to   reduce   utilisation   of   preventive  
and  treatment  measures  [119]. 

In  as  much  as  international  donor  support  is  important,  
Tanzania  and  other  countries  in  sub-Saharan  Africa  should  
be   encouraged   to   increase   the   level   of   internal   resources  
spent   on   malaria   to   a   point   where   they   can   sustain   their  
own   programmes.   Increasing   national   health   budgets   and  
the   share   allocated   to   malaria   research   and   control   will  
make  funds  and  funding  gaps  more  predictable.  Moreover,  
as  economic  growth  in  high  malaria  burden  countries  will  
likely   rebound   after   incidence   goes   down,   it   is   important  
that  this  is  translated  into  increased  national  health  spend-
ing   for  malaria  and  used   to  advocate  for   in-country   inter-
sectoral  and  community-based  approaches  in  disease  con-
trol.  Already,   the   public-private   partnership   has   been   de-
scribed   to  make  major  contributions   to  malaria  control   in  
Tanzania  [23,120]. 

 
5.3.5 Community  involvement 

 
In  Tanzania,  the  current  malaria  interventions  are  vertical-
ly  planned  and  implemented,  and  there  is  limited  involve-
ment  of  the  community.  It  is  important  that  the  community  
should   take   responsibility   for   their   own   health   and   that  
community  leaders  should  be  involved  in  malaria  preven-
tion   campaigns.   This   is   because   it   has   been   shown   that  
community   participation   in   health   programmes   enhances  
their   sustainability   and   affordability   compared   to   non-
participatory   programmes   [121].   Despite   this   knowledge  
that  community  participation   is  vital   in  strengthening  pri-
mary   health   interventions   [122,123]   little   progress   has  
been  made  to  involve  communities  in  malaria  control  plan-
ning   and   implementation   in   Tanzania.  Unless   individuals  
in  communities  and  other  key  stakeholders  see  the  benefits  
of  malaria  control,  even  the  best-designed  prevention  strat-
egies  are  unlikely  to  be  effective  and  sustainable. 

 
6 Future   directions   and   approaches   to   ma-

laria  control 
 

Although  there  is  evidence  of  a  declining  trend  in  malaria  
prevalence   and   incidence,   this   does   not   necessarily  mean  
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that  Tanzania   is   heading   for  malaria   elimination.  Malaria  
represents   a   complex,   multi-dimensional   health   problem  
with  a  suite  of  interacting  variables  ranging  from  the  para-
site,   mosquito   vector,   ecosystems,   human   host,   health-
delivery   systems   to   livelihoods   and   climate   change.   A  
sound  understanding  of  the  nature  and  dynamics  of  certain  
ecosystem  variables  and  their  relationship  to  malaria  trans-
mission   is   a   necessary   step   in   identifying   and   addressing  
interventions   that  may  eliminate  malaria  while   increasing  
household  productivity  and  maintaining  a  healthy  environ-
ment.   It   has   already   been   recognised   that   these   factors  
affect  health,  exposure  to  illness,  risk  for  illness-producing  
behaviours,  and  the  household/community  response  to  the  
respective  health  problem  [124].   

The   fact   that   there   are   linkages   between   ecosystems,  
livelihoods  and  health  poses  an  opportunity  and  challenge  
for  the  various  sectors  to  work  together  to  address  malaria.  
However,  in  Tanzania,  there  is  a  major  disconnect  between  
the  health  care  systems  and  other  sector  systems  within  the  
policy  and  planning  arena.  Establishing  inter-sectoral  link-
ages  is  important  to  facilitate  joint  efforts  to  tackle  malaria  
at   the  community   level  because  at   that   level  development  
problems   are   often   perceived   holistically.   Institutional  
linkage   is   expected   to   stimulate   system   changes   by   ena-
bling  cross-sectoral  health  leadership  teams  to  develop  and  
launch   innovative   initiatives   that   integrate   pivotal   health  
system   opportunities   or   address   the   bottlenecks.   This  
needs  urgent   re-addressing   if   a   successful   health  delivery  
system  is  to  be  realised  [121].  There  is  a  pressing  need  to  
strengthen   the   country’s   capacities   for   effective   pro-
gramme   implementation   and   innovative   modifications   to  
cope  with  the  changing  malaria  landscape  and  the  scaling  
up  of  interventions  that  are  currently  being  instituted.   

A  new  approach  to  malaria  control  should  constitute  a  
bridge  among  public  health,  a  strategy  for  integrated  man-
agement  of  the  environment  and  an  ecohealth  approach  to  
promoting   human   health.   This   means   that   ecohealth   ap-
proaches   to  malaria  must   promote   a   holistic   view   of   hu-
man   health,   livelihoods   and   ecosystems   sustainability  
(http://www.idrc.ca/ecohealth).   Despite   this   understand-
ing,   for  a  number  of  years,  conventional  malaria   research  
and   control   has   tended   to   choose   specific   outcomes   and  
view   them   as   the   result   of   a   linear   chain   of   events.   It   is  
envisaged  that  a  more  complex  and  realistic  view  requires  
identification  of  certain  kinds  of  livelihood  factors,  which,  
although  these  are  possible  determinants  of  malaria  trans-
mission,  also  generate  income  to  improve  the  well  being  of  
the  population.  Considering  this  view,  resolution  of  malar-
ia  and  livelihoods  requires  going  beyond  traditional  health  
sector  concerns  and  paying  attention  to  the  ecological  and  
socio-economic   context.  Thus,   it   is   not   surprising   to   find  
out  that  programmes  that  are  entirely  unrelated  to  the  con-
ventional   health   sector,   such   as   agriculture,  water,   irriga-
tion   and   infrastructure   development,   have   major,   usually  
contradictory,  effects  on  human  health.   

Because  of  the  unique  nature  of  the  malaria  situation  as  
a   result   of   micro-epidemiological,   ecological   and   liveli-
hood   factors,   innovative   approaches   to   the   problem   are  
necessary.   It   is   important   that   researchers,   policy  makers  
and   malaria   control   implementers   initiate   new   solutions  

appropriate   for   specific   situations.   Multiple   strategies,  
appropriate   to   socio-culturally   and   ecologically   unique  
settings,  must   be   implemented   in   an   integrated   approach.  
With   the   current   declining   trend   in   malaria   in   Tanzania,  
we  need  focused  malaria  control  strategies  that  have  direct  
benefits  not  just  for  the  individuals  who  are  included  in  the  
control   efforts   but   also   at   the   community   level.   Current  
vector  control  strategies  focus  largely  on  indoor  measures.  
It   is   also   important   that   research   and   strategies   targeting  
outdoor   feeding  mosquitoes  are  considered.  For  example,  
attractive  toxic  sugar  baits,  either  sprayed  on  vegetation  or  
provided  in  outdoor  bait  stations,  have  been  shown  to  sig-
nificantly  reduce  mosquito  densities  [125]. 

Eliminating  malaria  in  Tanzania  will  require  a  coordi-
nated,   inter-sectoral   decision   making   approach   based   on  
the  best  available  scientific  evidence.  The  field  of  decision  
analysis   can   help   decision   makers   address   the   complex  
problem  of  malaria  control  by  providing  a   systematic  ap-
proach  to  weighing  the  costs  and  benefits  of  different  com-
binations  of   interventions.     One   framework   for  encourag-
ing  this  approach  is  the  Malaria  Decision  Analysis  Support  
Tool   (MDAST)   that   allows   policymakers   to   weigh   the  
health,  environmental  and  economic  trade-offs  of  different  
combinations  of  malaria  interventions  [126].  The  tool  has  
been  developed  collaboratively  with  extensive  stakeholder  
involvement   in   Tanzania,   Uganda,   and   Kenya.   It   is   de-
signed   to   facilitate   malaria   control   decision   making   in-
formed   by   a   number   of   different   contextual   factors   (e.g.  
prevalence   of   the   disease),   weather   factors   (e.g.   rainfall)  
and   social   factors   (e.g.   acceptance   of   different   malaria  
control   methods)   [127].   The  MDAST   allows   analysis   of  
alternatives  for  implementing  prevention  and  disease  man-
agement  interventions,  as  well  as  of  different  mechanisms  
for   delivering   the   interventions   to   the   target   population.  
The  decision  analysis  framework  can  promote  an  integrat-
ed  approach   to  malaria  management  by  drawing  attention  
to   a   wide   range   of   malaria   control   options   and   allowing  
decision  makers  to  explore  the  impacts  of  varying  combi-
nations  of   control   strategies   on   both   the   disease  manage-
ment  and  vector  control  sides. 

 
7 Conclusions 

 
Recent  significant  advances   in  malaria  vector  control  and  
disease  management   in  Tanzania   are   being   threatened  by  
development   of   a   semi-immune   human   population,   para-
site   and   insecticide   resistance,   mosquito   behavioural  
changes   and   livelihood   factors.   As   malaria   continues   to  
decline,  it  is  important  to  take  a  more  integrated  approach  
to   vector   control,   attacking   on   multiple   fronts,   to   drive  
transmission   to   zero.   An   integrated   approach   employing  
multiple   interventions   that  are   sustainable  and   locally  ap-
propriate,   is   likely   to   deliver   better,   synergistic   and   sus-
tainable   outcomes.   Such   an   approach  must   include   envi-
ronmental   management   to   reduce   mosquito   productivity  
and  an  overall  biting  pressure.  An  effective  malaria  strate-
gy  must   include   promotion   of   screening   of   houses,   envi-
ronmental  management   of  mosquito   breeding   and   resting  
sites,  direct  attacks  on   the  mosquito   larvae,  clever  design  
and  operation  of  water  resource  development  projects,  and  
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an  interfaith  community  action  component.  None  of  these  
strategies  is  mutually  exclusive  of  the  others,  and  a  combi-
nation  of  efforts  promises  to  offer  additive  or  even  syner-
gistic  rewards. 

Over   the   last   decade,  malaria   interventions  have  been  
vertically  implemented  by  national  governments  with  very  
little  involvement  of  the  community.  In  resource-poor  set-
tings,  community  participation  in  disease  control  is  essen-
tial.  Adding  a  community  component  is  critical,  thus  each  
existing   community   should  be  part   and  parcel   of   the  ma-
laria   control   programme.  Communities   can   effectively  be  
involved  to  reduce  nearby  mosquito  breeding  sites  by  local  
drainage  efforts  in  villages,  fields  and  around  ponds  and  to  
improve  and  screen  homes  –  and  to  respond  to  the  need  for  
early  diagnosis  and  treatment.   

Malaria   is   a   particularly   important   disease   that   illus-
trates   the   interactions   among   livelihood,   ecosystems   and  
health   systems;;   thus,   malaria   is   now  more   of   a   develop-
ment   problem   than   ever   considered   before.   Several   sec-
toral   activities   that   include   construction,   water   resource  
development,  and  agriculture,  contribute  highly  to  malaria  
mosquito  breeding   sites   and  hence   transmission.   It   is   im-
portant   therefore,   to   examine   the   links   within   a   broad  
framework  that  considers  the  different  pathways,  given  the  
multiplicity   of   interactions   that   can   produce   unexpected  
outcomes   and   trade-offs.   It   is   important   that   investments  
that   support   socio-economic   development   in   malaria   set-
tings   are   encouraged   to   support   effective   and   sustainable  
interventions  against  malaria.  To  sustain   the  gains   in  ma-
laria  control  and  to  move  towards  its  elimination,  it  is  im-
portant   that   the   national   malaria   control   programme   in  
Tanzania  broadens   its   base   and  mobilises   resources  more  
broadly   to   include   national   budgets   and   other   local  
sources.   

In   conclusion,   malaria   prevention   must   go   hand   in  
hand  with  community  and  inter-sectoral  participation.  The  
future  malaria  control  strategy  should  be  broad  based,  and  
inter-sectoral   in   its   planning   and   operation   at   all   levels.  
There   is  also  a   strong  need   to   strengthen   the   surveillance  
and  monitoring  and  evaluation  systems  for  malaria  control  
programmes.  These  systems  need  to  be  science-based  and  
should  ensure  timely  availability  of  information  on  malaria  
prevalence  covering  all  corners  of  the  country  as  a  means  
to  promote  evidence  based  decision-making.    
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