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I INTRODUCTION 

The WHO Expert Committee on Malaria a t  i t s  eighth session i n  Ju ly  1$1 

considered the causes of failures i n  Malaria Eradicat ion Campaigns, c l a s s i -  

fying these causes i n t o  th ree  main groups: 

- technical  

- operat ional ,  2nd 

- administrative. 

Amongst the  causes of f a i l u r e s  of a t echnica l  na ture ,  the  biology of t he  

vector,  i ts  res i s tance  and human hab i t s  a s  wel l  a s  socio-economic conditions 

were emphasized. 

While Malaria EradicationProgrammescontinued t o  progress i n  many pa r t s  

of the world, i n  some countr ies  technical  d i f f i c u l t i e s  manifested through 

resis tance or  avoidance of the  vector  t o  applied insec t ic ide  have hampered 

the fu r t he r  progress of t he  campaign. 

I n  s p i t e  of the  f a c t  t h a t  there  were increasing repor t s  on technical  

d i f f i c u l t i e s  encountered i n  some Malaria Eradicat ion Campaigns, an evaluation 

of the s i t u a t i o n  has indicated t h a t  the  population involved i n  a reas  having 

t rue technical  problems d i d  not overpass one per  cent of the  t o t a l  population 

covered by Malaria Eradicat ion a c t i v i t i e s .  Nevertheless, the  InRIO Expert 

Cornmi-ttee on Malaria reviewed once again the  technica l  problems a t  i t s  meeting 

i n  1$3, and s t a t ed  i n  i t s  Tenth Report t h a t  "A problem area  i s  a defined geo- 

graphical area within which an adequate epidemiological evaluation shows t h a t  

the transmission of malaria p e r s i s t s  desp i te  t o t a l ,  complete, regular  and 

suf f ic ien t  coverage with res idua l  i n sec t i c i de ,  and where care fu l  s tud ies  have 

revealed t h a t  adminis t ra t ive or  operat ional  f a c to r s  a r e  not responsible f o r  

the pers is tence of transmission and where addi t iona l  rneasures a r e  required i n  

order t o  prevent the  occurrence of new cases". 

A s  it can be seen from the  above definition, Isproblem areas" a r e  res- 

t r i c t ed  only t o  those a reas  where the  pers is tence of transmission i s  due only 

t o  technical  d i f f i c u l t i e s .  Following the  de f i n i t i on  of the  term 'Iprobiem 

area", the WHO Expert Committee on Malaria has considered the  nature of the  
. . 

technical d i f f i c u l t i e s  and t h e i r  e t io logy ,  the  p r ac t i c a l  methodolo$y f o r  the  

study of causative f ac to r s  and the  i n t e rp r e t a t i on  of r e s u l t s  thus obtained, a s  

well a s  t he  possible  remedial measures t o  be applied. 



F'urther exper7Tence gained in Malaria Eradication Programmes reported as 

having met technical difficulties indicates that the persistence of trans- 

mission is not solely caused by non-response of the vector to the applied 

insecticide. In fact, a combination of technical, opera-tional and adminis- 

trative factors are responsible for the failures to interrupt transmission, 

at least in the countries of the Eastern Mediterranean iiegion. Methodology 

of the studies conducted in areas with technical difficulties and results 

obtained will be the subject of discussion in this paper. 

11 TECHMICAL PROBLEMS MET IN COUNTRIES OF THE EASTERN MEDITERRANEAN REGION 

The present scheme of a malaria eradicati~n project or programme mainly 

relies upon residual spraying of premises aiming at interrupting the trans- 

mission of malaria followed by surveillance operations to detect the per- 

sisting parasite reservoir and to treat radically the positive cases. If 

the rlo~niciliary spraying campaign is well planned, properly administered 

and correctly executed in terms of timing and coverage with an insecticide 

at a proper dosaae maintaining a residual e f f ~ c t  throughou-k the transmission 

season, the interruption of transmission should be azh~eved after the first 

or second year of spraying operation. However, in some instances in spite 

of the spraying operation being conducted, there is evidence of fresh trans- 

mission in the sprayed areas. This is the case in southern Iran and Iraq 

where it was found that the local vector species did not respond to insecti- 

cidal attack in an expected manner. Subsequent studies undertaken revealed 

the development of double resistance of A.stephensi to DM' and DLD in 

southern Iran and Iraq, while A,fluviatilis in southern Iran was reported 

to behave in such a way (exophily and exophagy) that it would have little 

or no contact with the insecticide applied. 

The first indication of DIYI' resistance in A-stephensi was reported by 

Daggy (1957) from Saudi Arabia in 1953, where A.stephensi was found to rest 

on recently DDT-sprayed surfaces. Subsequently an increase of malaria 

incidence was recorded in the A.stephensl areas of Saudi Arabia. This 

finding was confirmed by Davidson (1958) in 1955. During the following 

two years, DMT resistance in A.stephensi was reported to spread to practically 

all areas where this vector species was found in the Eastern Mediterranean 
I '  

Region, with the exception of West Pakistan where the vector was found to be 

still susceptible to this insecticide, though some increase of' tolerance to 

DDT had been recorded in r few localities. 



The replacement of DDT by dieldrin was suggested for  a l l  areas i n  the 

Eastern Mediterranean Region where DDT-resistance i n  A.stephensi was detec- 

ted. It met with success, as evidenced i n  I ran  and Iraq by a significant  

reduction of the vector mosquito -to a level  almost undetectable by routine 

entomological vigilance undertaken by the Malaria Eradication Programmes i n  

the DDT-sprayed areas and, consequently, a dras t ic  drop of the incidence of 

malaria. However, dieldrin-resistance was f i r s t  detected i n  the foot-hil ls  

of the Zagros mountains i n  south-eastern Iran i n  1959 and it spread gradually 

i n  the following two years t o  practical ly a l l  the areas of its distr ibution i n  

the country. I n  I raq ,  A.stephensi reappeared i n  August 1961 a f t e r  discon- 

tinuation of D W  spraying for  three consecutive years in 1958-1960, first 

among the vi l lages on %he bank of Shatt a1 Arab, and was l a t e r  detected 

i n  practical ly a l l  nahias of Basrah liwa where suitable breeding places for 

t h i s  species existed. Susceptibility t e s t s  conducted  hang, 1961) i n  

October 1961 i n  Basrah liwa revealed tha t  the reappeared A.stephensi was 

to ta l ly  res is tant  t o  d ie ldr in ,  and also t o  DDT although of a much lower 

order - with an estimated LC50 of l e s s  than 4%. It was therefore concluded 

  hang, 1961) tha t  the complete dieldrin resistance as  observed would ru le  

out the possible use of dieldrin and other related compounds. DDT-resis- 

tance, on the other hand, was of such a low degree tha t  it would leave a 

margin t o  use t h i s  insecticide i n  case of renewed transmission. Owing t o  

the extremely favourable climatic conditions prevailing i n  Iraq i n  1962, 

the vector population increased rapidly and an outbreak of malaria was 

reported i n  1962 i n  Basrah town and i t s  suburbs. 

On the basis  of the above-mentioned conclusion, DDT spraying was applied 

as a means t o  control the outbreak and l a t e r  as 'che main attack meaewe i n  

the malaria eradication programme i n  southern I raq ,  which has produced good 

results  as  w i l l  be seen i n  the discussions i n  the subsequent paragraphs of 

th i s  pzper. 

The role of A.fluvFatilis i n  transmitting malaria was not recognized 

in  Iran prior  t o  1958. Up t o  the present time, over 3 000 specimens of 

th is  species have been dissected i n  various areas of Iran with an overall 

sporozoite r a t e  of 2.0 per cent. However, i t s  ro le  as a malaria vector i n  

Saudi Arabia, where t h i s  species is  a very prevalent mosquito i n  the Eastern 

Province and is known t o  be res is tant  t o  Dm, st i l l  has not been established. 



Due to i Ls exophagic arid exuphi l ic  habits, it is  reported i n  Iran t h a t  inter- 

rupt ion of transmission of the  A.fluviatil is-borne malaria could not be 

achieved by DDT-residual spraying 6f premises. 

I n  I r a n ,  A . f l uv i a t i l i s  has been found t o  r e s t  both indoors and outdoors. 

It has been co l lec ted  from human hab i ta t ions  a s  well  a s  c a t t l e  sheds. It i s  

a l so  found r e s t i n g  i n  outdoor harbourages, such a s  caves, holes ,  cracks,  e t c .  

Female specimens with various s tages  of blood d iges t ion  have been found i n  

e i t h e r  na tu r a l  outdoor she l t e r s  o r  i n  houses o r  animal sheds. A s  the  l oca l  

human population i n  the  a reas  of A.fluviati1i.s d i s t r i bu t i on  is  accustomed t o  

s leeping outdoors, the  exophagic tendency of A . f l uv i a t i l i s  sccms qui te  natural .  

Furthermore, observations made i n  Kazeroun a,& J i r o f t  ind ica te  t h a t  desp i te  

the  f a c t  t h a t  both man and animal s leep outdoors during most of t he  year, the  
d 

human blood r a t i o  of A . f l u v i a t i l i s  captured from human hab i ta t ion  o r  animal 

sheds is about the  same. However, the human blood r a t i o .  of t h i s  mosquito 

captured from hunm dwellings i n  Bandar Abbas i s  much higher i n  comparison 

with those caught from p i t  she l t e r s  i n  the  same l o c a l i t y  with a r a t i o  of 

about 2:l.  This would sccm t o  ind ica te  t h a t  trancmission of malaria by t h i s  

vector  species  could be in te r rup ted ,  provided the  houses a r e  t r e a t ed  on the  

ba s i s  of t o t a l  coverage both i n  space and time. This i s ,  indeed, the ex- 

perience with A.f luviat i l is-borne malaria i n  other p a r t s  of t he  world. 

Besides the  -technical d i f f i c u l t i e s  experienced with the  above two 

vector  spec ies ,  the development of physiological res i s tance  by A.cul ic i facies  

has been found i n  a l imited area of Wes-t Pakistan, but  t h i s  res i s tance  does 

not  seem t o  be of epidemiological s ignif icance so f a r .  Another vector  

spec ies ,  A.pharoensis, has developed high tolerance t o  DDT i n  the  United 

Arab Republic which would require  very intensive a t tack  measures i f  i n t e r -  

rupt ion of transmission is t o  be achieved i n  a reas  where t h i s  mosquito i s  

the  pr inc ipa l  vector .  

Anti-lnalarial drugs and i n  pa r t i cu l a r  4-arninoquinoline der iva t ives  have 

been extensively used i n  Malaria Eradicat ion programmes of the  Region. 

However, there  i s  no evidence of the  development of res i s tance  i n  plasmodia 

t o  these compounds i n  any of the  countr ies  of the  Eastern Mediterranean 

Region. 



In order to cope wlth tlic technical problems manifested by the resistance 

of vectors to appl i ~d insect.i ci dcs ,, a n ~ ~ m h ~ r  of well-organized field trials 

and laboratory studies have been condu.cted in countries of the Rzgion. 

These studies can be s~mmarized as aiming at: 

- Finding a suitable insecticide by origfn other than chlorinated 

hydrocarbons which could safely replace D I E .  

- Developing effective attack measures which can either replace .the 

application of insecticide In areas where the movelnent of popula- 

tion makes it almost impossible to provide the required protection 

over the population by the standard attack measures or supplement 

the standard attack measures in areas where the vector resistance 

hampers the interruption of transmission. 

;larifylng the genetic21 aspect of DDT resistance in A.sLephensi, 

in other words, the real nature of physiological resistance of 
- - 

A.stephensi to DDT. 

.sides these field trials and research conducted in laboratories, an. 

a t was made in southern Iraq by combined operational, epf.demiologica1 

a ,,to~~ological assessment, to determine to what extent DIYT can be used 

to interrupt transmission in areas where A.stephensi, the principal vector, 

has developed resistance to this insecticide. 

1. Field Trials with New Insecticides 

In view of the development of double rests-Lance of and 

A.pharoensis to DDT and DLD, field trials on some promising imagocides other 

than chlorinated hydrocarbon compounds were carried out in Iran and the 

United Arab Republic'during 1965 to ascertain their possible use in the 

respective malaria eradication programmes. Taking i n t o  consideration the 

preliminary results obtained through trials on a small scale, either in 

experimental huts or on a village basis, in respect of both the effectiveness 

and the operational safety, a pilot project on malathion was established in 

1964-1955 in Bandar Abbas , Iran. Meanwhile in the United Arab Republic, a 

field trial with the simultaneous application of malathion, BHC, and DDT 

in comparable areas, was carried out in 1965. The results obtained through 
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epidemiological s t ud i e s ,  a s  well a s  entomological observations undertaken 

during these f i e l d  t r i a l s ,  are discussed b r i e f l y  below: 

1.1 Malathion 

A malathion p i l o t  project  was establ ished i n  Bandar Abbas area 

covering the port  of Bandar Abbas, the town of Minab and 375 v i l l ages  

i n  the  surrounding area with a t o t a l  population exceeding 120 000. 

The insec t ic ide  used was malathion 50% w.d.p. a t  a dosage of 2 g 

(technical grade) per square metre, t o  be applied i n  four cycles a 

year. A.stephensi is  the main vector i n  the l i t t o r a l  p la ins  and 

A. f luv ia t i l i0  i n  the  foo t -h i l l  regions. The transmission season is 

estimated t o  be throughout the year with the exception of the tvro 

coldest  months during the  winter. Below is a summary of spraying da t a  

of the four  rounds undertaken by the pro jec t  i n  1964-1965. 

It i s  t o  be pointed out t h a t  spraying operations have not been 

Round 

I 

I1 

111 

IV 

car r ied  out up t o  the standard. Thus during the  t h i r d  round of spray- 

ing  with malathion, thc covcragc was only a l i t t l e  above 50%. In ad- 

d i t i o n ,  the  planned round f o r  the period July-August 1965 has not been 

Date of spraying 

7 0ct.-21 NOV. 1964 

10 March-22 April  1965 

10 May-25 June 1965 

23 Sept .-27 Oct. 1965 

car r ied  out. Nevertheless, entomological observations undertaker 

p r io r  t o  and a f t e r  the  spraylng operation indicate:  

No. villages 
sprayed 

3'78 

442 

268 

435 

1. an almost complete disappearance of A.stephensi i n  the 

sprayed area ; 

ii. a s ign i f ican t  drop of A . f l uv i a t i l i s  densi ty  a s  observed from 

p i t  she l t e r s  i n  the sprayed area - a reduction of almost 80: 

of t h i s  vector densi ty  a s  compared with t h a t  p r ior  t o  $pray- 

ing operation ; 

Nu. house- 
holds sprayed 

2 7 114 - - 

30 391 

15 692 

36 895 

iii . a s ign i f ican t  drop of gravid females (including half-gravid 

ones) i n  the composition of t h i s  species observea i n  pit- 

she l t e r s  a f t e r  insec t ic ide  treatment; 

Population 
protected 

-- 120 067 

135 547 

70 236 

128 261 



iv .  tha t  the resiZual  effect of malathion l a s t ed  only about a 

month, a s  the  vector species  began t o  appear i n  the  indoor 

co l lec t ion  one month a f t e r  treatment and increased gradually 

afterwards. Similar  f indings were a l so  noted from the  p i t -  

she l t e r s  co l lec t ions .  

Other s t ud i e s ,  such as  window-trap co l lec t ions ,  d i l a t a t i o n s ,  night- 

b i t ing  observations, age determination of the  vector  mosquitoes by Detinova 

technique, e t c . ,  were a l so  car r ied  out. However, a s  the  number of t h i s  

s e r i e s  of observations is  l imi ted ,  no d e f i n i t e  conclusion can be made. 

Malariometric da t a  col lected i n  two se lec ted  v i l l a g e s ,  Chelow and 

Siahou, i n  October 1964 ( p r i o r  t o  spraying operations) i n  comparison with 

those col lected during the  same month i n  1965 (near ly  one year a f t e r  the  

commencement of the  f i r s t  round of the spraying campaign) ind ica te  t h a t  

there  is  no s i gn i f i c an t  change i n  the general pa r a s i t e  r a t e  observed p r i o r  

t o  and one year a f t e r  spraying with malathicn. The pa r a s i t e  r a t e  p r i o r  

t o  the  spraying campaign i n  Chelow and Siahou was 42.2% and 37.7% respec- 

t i v e l y ,  i n  comparison with 37.58 and 45.4% recorded near ly  one year a f t e r  

spraying with malathion i n  these two v i l l ages .  However, a s  has been 

pointed out e a r l i e r ,  t h e  coverage with the  t h i r d  round of malathion spray- 

ing i n  the  a rea  was poor and the  scheduled spraying i n  July-August was 

not ca r r ied  out. Therefore,  bearing i n  mind the  f a c t  t h a t  the  res idua l  

e f f ec t  of t h i s  insec t ic ide  i s  l imi ted  t o  not more than two months, a 

successful in te r rup t ion  of malaria transmission by t h i s  insec t ic ide  can 

only be expected i f  spraying rounds a re  ca r r ied  out according t o  the  

expected res idua l  e f f e c t  of t h i s  i n sec t i c i de ,  which is very cost ly .  

Some evaluat ion of the  cost  of spraying with malathion was made i n  

comparison with t h a t  of DDT. Due t o  t he  high cos t  of malathion and the  

required frequency of spraying ( four  rounds a n n i j a l ' ~ y ) ,  it is estimated 

t h a t  the annual cost  per c ap i t a  protected by malathion is  much higher than 

t h a t  of DIYT - 160 r i a l s  per  c ap i t a  f o r  malathion and 40 r i a l s  f o r  DDT. 

1.2 Comparative Application of Malathion, BHC and DDT 

A fi&ld t r i a l  was car r ied  out with malathion i n  an a rea  i n  the  

Nile Del ta  of Egypt, with a population of approximately 50 000, a t  the  

dosage of 1.0 g. per square metre, applied once i n  the  second ha l f  of 

May, and with BHC i n  an a rea  i n  the  neighbourhood of the  malathion a rea ,  



with a population of 38 900 a t  the  dosage of 0.5 g. per square metre, 

applied simultaneously with malathion i n  the  l a t t e r  pa r t  of May. I n  

order t o  compare the  effect iveness  of these two insec t ic ides  with t h a t  

of DDT, a t h i r d  area with a population of 34 250 was selected f o r  spray- 

ing  with DDT a t  the  same time, with a dosage of 2 g. per square metre. 

Thp f o u r t h  arecl, with a population of 550, was l e f t  unsprayed t o  

serve a s  a control.  An assessment of t h i s  f i e l d  trial was made from 

the da ta  col lected i n  respect of in fan t  paras i te  r a t e ,  pos i t i v i t y  r a t e  

of the  s l i de s  col lected throug!n Active Case Detectian, and rout ine entomo- 

log ica l  observations - indoor col lect ions window-trap co l lec t ions ,  b i t i n g  

r a t e ,  bio-assay (standard WHO technique and by re leas ing  vector mosquitoes 

i n t o  sprayed houses) and parous r a t i o  of the  vector population i n  the  

sprayed and control  areas. No s ign i f ican t  difference was observed i n  

the  malariometric da ta  col lected i n  the  th ree  f i e l d  t r i a l  areas  sprayed 

with e i t h e r  malathion, BHC or  DM'. The pos i t i v i t y  r a t e s  found i n  the  

malathion-sprayed a rea ,  BHC- sprayed area and Dm- sprayed a rea  were 0.70$, 

0.50% and 0.78, respect ively;  only one in fan t  was found with paras i tes  

i n  t he  malathion-sprayed area (8'7'7 i n f an t s  under rout ine observation),  

th ree  i n  the  BHC-sprayed a rea  (725 infan ts )  and one i n  the DDT-spreyed 

area (550 infan ts ) .  Indoor co l lec t ions  car r ied  out i n  the th ree  sprayed 

areas  with th ree  d i f f e r en t  insec t ic ides  revealed an almost absence of 

A.pharoensis i n  the DDT-sprayed houses and the highest density i n  the 

BHC-sprayed houses - almost a t  the  same l eve l  a s  the  unsprayed check 

houses, except during the  f i r s t  t en  weeks a f t e r  i n sec t i c ida l  treatment. 

I h e  Indoor densi ty  a s  observed I n  the malathion-sprayed houses indicates 

t h a t  the  res idua l  e f f ec t  w i l l  not las- t  more than two months. This would 

seem t o  indicate  t h a t  DDT i s  s t i l l  superior t o  the other two insec t ic ides  

under t r i a l .  

2. Field T r i a l  with Medicated S a l t  

I n  I r a n  an attempt is  being made t o  solve much of t he  problem r e l a t i ng  

t o  nomadism by the  use of medicated (chloroquinized) s a l t .  A s  the t r i b a l  

people have experienced d i f f i c u l t i e s  and hardship i n  procuring s a l t  from 

d i s t a n t  places,  they read i ly  accept medicated s a l t ,  which is supplied f r e e  

of charge. I n  view of the  encouraging r e s u l t s  and experience gained from 

the  small sca le  medicated s a l t  t r i a l s  among the t r i b a l  population which 

commenced i n  1959, a p i l o t  p ro jec t  - covering forty-two v i l lages  with a 



stable population of 5 235 and a moving population of 10 982 - has been 

established i n  Kazeroun area t o  study the  effect iveness  of chloroduinized 

s a l t ,  and t o  invest igate  possible ways of execution including the necessary 

organizatinn and npprat.iona1 procedures, such as daily consumption of salt, 

frequency and s i t e  of distribution, transportat ion,  e t c . ,  par t icu la r ly  among 

the moving population. It was found t h a t  the overa l l  paras i te  r a t e  dropped 

from 18.7% recorded i n  1962 (p r io r  t o  the  operat ion) ,  t o  3.4% one year a f t e r  

the operation and t o  0.11% two years l a t e r .  No posi t ive case was detected 

among the population over two years of age (food ea t e r s )  e igh t  months a f t e r  

the commencement of the  medicated s a l t  d i s t r i bu t i on  programme. However, 

the d i s t r ibu t ion  of chl oroquj n j  zed s a l  t. i s only ;t process of prophylactic. 

treatment (suppressive) and i s  not a r ad i ca l  cure f o r  the paras i te  c a r r i e r ,  

par t icular ly i n  the case of P.vivax - which is the  predominant paras i te  

species i n  the t r i a l  area - infect ion.  There i s  no doubt, however, that 

i f  suppression of P.vLvax l a s t s  long enough,there i s  l i t t l e  chance f o r  the  

occurrence of l a t e  relapses t h a t  may cause resumption of transmission of 

malaria amongst the  protected population. 

No drug res i s tance  was detected among the  population under protect ion 

by medicated s a l t .  The coverage of the  population with the medicated s a l t  

programme, based on a survey made by random sampling of uririe analysis  f o r  

the presence of chloroquine , i s  estimated t o  be above 95%. 

The very encouraging r e s u l t s  obtained i n  I r a n  with the  zbove medicated 

s a l t  project ind ica te  a de f in i t e  pos s ib i l i t y  of applying it e i t h e r  a s  a sup- 

plementary measure-To standard at tack operations or  as a so le  at tack measure 
1 

for  moving population. 

3. Studv of the  Real Nature of Resistance of A.  stephensi t o  DDT 

The laboratory s tud ies  car r ied  out by Davidson (1961) on the degree, 

the pat tern of d i s t r i bu t i on  and the  mode of inheri tance of resis tance i n  

A.stephensi have demonstrated t ha t :  

i. res i s tance  of A.stephensi t o  DDT is of a low degree and 
V 

ii. besides the  mortal i ty  of heterozygotes there must occur under 

na tura l  conditions some mortal i ty  of homozygous r e s i s t a n t  indivi-  

duals  i f  DDT is  applied a t  the usual dosaw. 
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Consequently, DDT resis tance w i l l  develop t o  a ce r t a in  l eve l ,  but w i l l  

not reach 100%. This statement i~ supported by the f a c t  that when sus- 

c e p t i b i l i t y  t e s t s  were carr ied out  a avid son 1951) with homozygous r e s i s t a n t  

females of A.  stephensi (laboratory-bred , originated from Moavwia v i l l age  , 

Basrah, and supplied by D r .  Gramiccia i n  1959) by exposing them t o  4% Dm 

f o r  one hour followed by a 24-hour recovery period, the lowest mortality 

achieved through these tes'cs was 99;. However, su scep t ib i l i t y  t e s t s  carr ied 

out by the same invest igator  with laboratory-bred generations of A.stephensi 

obtained thro~tgh back-crossing of heterozygotes with homozygous r e s i s t a n t  o r  

susceptible individuals ,  revealed mortal i ty  r a t e s  ranging from 30.5 t o  81.5$, 

depending on the genetic background of A.stephensi population under observa- 

t i o n  (4% DDT one hour exposure ) . 
The suscepCibility t e s t s  car r ied  out with A.stephensi i n  southern I r aq  

f o r  the last six years indicate  t h a t  there i s  no s ign i f ican t  change i n  the 

su scep t ib i l i t y  l eve l  of t h i s  mosquito t o  DDT i n  s p i t e  of the  se lec t ive  

pressure caused! by the  appl icat ion of t h i s  insec t ic ide  f o r  several  years. It 

i s  therefore reasonable t o  bel ieve t h a t  t he  na tura l  population of A.stephensi 

inhabi t ing southern I r aq  i s  composed of three genotypes, namely, homozygous 

r e s i s t a n t  individuals ,  homozygous suscept ible  ones and heterozygotes. Under 

these circumstances, it i s  a l so  reasonable t o  bel ieve t h a t  accurately car r ied  

out spraying operations with DM7 w i l l  no doubt have a s ign i f ican t  e f f ec t  CIA 

the  transmission of malaria i n  t h i s  area.  

IV THE RESUMPTION OF SPRAYING WITH DDT I N  RESISTANT A.STEPHENS1 m A S  I N  
SOUTHERN IRAQ AND IRAN 

The soutlzern Region of I r aq  consis t ing of three Liwes ( ~ a s r a h ,  Nasiriah 

and ~ m a r a )  has entered the consolidation phase i n  1960, a f t e r  successfully 

completing the  at tack phase by applying d i e l d r i n  res idua l  spraying, A.stephensi, 

the  only vector  i n  the a rea ,  was reported t o  have disappeared i n  a l l  areas  

under attack arid Lkie number of pos i t ive  cases was brought t o  a negl igible  l eve l  

(nine i n  1960 and t en  i n  1361), thus allowing the entry of the  area i n t o  cori- 

sol idat ion,phase.  However, i n  August 1961, A.stephensi was reported as re- 

appeared i n  Seeba, south of Basrah, but without epidemiological consequence. 

I n  1932 a, small f l a re -up  took place i n  Basrah liwa, confined mobtby t o  Basrah 

c i t y  with a t o t a l  of eighty-nine pos i t ive  cases. The important pbint was 

t h a t  the  monthly d i s t r i bu t i on  of pos i t ive  cases followed the na tura l  pa t te rn  

of malaria transmission in t f i a L  area. 
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Owing t o  the  extrc~iiely favourable conditions prevai l ing i n  1962 f o r  

the propagation of A.stephensi, %he vector population increased rapidly. 

The coincidence of two favourable f ac to r s  f o r  the propagation of mala- 

r ia  paras i tes ,  namely the increased vector population and the  residual  

parasi te  reservoir  created i n  the second half  of 1962, w e s  qui te  su f f i c i en t  

f c r  the development of an epidemic i n  1963. I n  f a c t ,  from end April t o  

mid Ju ly ,  the f i r s t  annual wave of th? epidemic was over, leaving i n  the  

ba t t le - f ie ld  more than 2 000 victims of malaria. In order t o  cope with 

the outbreak, res idua l  spraying with DM: was car r ied  out i n  Basrah c i t y  and 

its suburbs from 26 June till 20 Ju ly ,  but it could not prevent the epidemic, 

since the spraying was applied too l a t e .  A s  a matter of f a c t ,  a de ta i led  

study--o'f the epidemic i n  August 1963 revealed t h a t  DDT was still e f fec t ive  

a t  l e a s t  i n  cu r t a i l i ng  the  epidemic. Indeed the incidence of malaria disap- 

peared or dropped s ign i f ican t ly  about two weeks a f t e r  appl icat ion of MYT, 

which lapse of t i m e  corresponds t o  the average inrubation period f o r  P.vivax, 

and it may be noted t h a t  the  cases manifested during t h i s  two-week period 

could not be prevented by any insec t ic ide .  That t h i s  drop i n  incidence was 

not a na tura l  course of the epidemic was shown by the f a c t  t h a t  transmission 

continued i n  Basrah liwa where DDT was not appl ied,  and by the  f a c t  t h a t  

while i n  DDT sprayed area P.falciparum dis,appeared t h i s  was not the  case i n  

rura l  areas  not protected by DDT spraying (Lepes, 1963). 

1. Epidemiological Observations 

Application of DDT res idua l  spraying on a t o t a l  coverage bas i s  i n  

southern I r aq  was commenced i n  1964 with two rounds, one i n  March-April EuId 

the other i n  July-August , a t  a dosage of 2 g. (T.G. ) per square metre, and 

continued i n  1965 and 1966. Basrah c i t y  and i t s  suburban a r ea ,  where the 

case-load was heavy and the  number of domestic animals was low o r  nearly 

absent, the  spraying was supplemented by la rv ic id ing  operations (oiling). 

Surveillance operations have continued and every e f f o r t  was being made t o  

intensify these operations i n  order t o  eliminate any possibld source of 

infect ion,  as well as f o r  the purpose of evaluating the effectiveness of 

Fao , 
hold 

as  am a t tack  weapon f o r  the in te r rup t ion  of malaria transmission. 

Although the insec t ic ide  coverage i n  Basrah l iwa,  with the  exception of 

cannot be considered a s  qu i te  "sat isfactory" (average coverage of house- 

.s i s  about 80% f o r  the  l a s t  f i v e  rounds applied since the resumption of 
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DDT-spraying i n  Basrah l iwa) ,  ye t  the incidence of malaria has dropped signi- 

f i c an t l y .  The following a re  da ta  on the incidence of malaria i n  Basrah liwa, 

excluding nahia Fao, p r ior  t o  and a f t e r  resumption of DDT-residual spraying 

of premises, col lected through survei l lance operations: 

Incidence of Malaria i n  Basrah Liwa, 
excluding Nahia Fao, Before and After Resumption 

of DDT-Residual Spraying of Premises* 
(~opu la t i on :  537 204) 

Detection Data 

Analysis Case 
June 1953- I Mey 1964 

Bef c re  
Resumption 

Total  1 4 939 

No. of s l i d e s  co l lec ted  

No. pos i t ives :  P.v. 

P.f'. 

Mixed 

114 982 

4 641 

284 

14 

After Resumption 1 

AEEB, % population 

API per  1 000 population 

Pos i t i v i t y  rate** 

18.0 

7 75 

4.29 

- - 
* For nahia-wise incidence of malaria,  p r ior  t o  and a f t e r  resumption of 

DDT-residual spraying, r c f e r  t o  Annex I attached t o  t h i s  document. 

June 1954- June 1965- ' 

** The pos i t i v i t y  r a t e  is  indicated on the t ab l e  i n  support of t he  
s ignif icance of the A I I .  

May 1965 

There is a de f in i t e  decl ine of malaria incidence noted i n  Basrah li-wa 

May 1966 

since,.tln@ resumption of DDT-residual spraying of premises. The annual, 

paras i te  incidence per 1 000 population recorded pr ior  to,and one and two 

years a f t e r  Dm-spraying a re  7.75, 1.36 and 0.36 respect ively,  and the posi- 

t i v i t y  rates of the t o t a l  number. of s l ides  examined a re  4.295%, 0.56$,and 

O.11$, respect ively.  Thus the  pos i t i v i t y  r a t e  observed a f t e r  t he  f i r s t  

year of DDT treatment is  only a l i t t l e  over 13% of the  r a t e  recorded p r io r  

t o  the spraying operations, and a fu r the r  reduction by approximately 8% 

during the  second year i n  comparison with the r a t e  recorded during the f i r s t  



year a f t e r  resumption of DDT-residual spraying. It meets i dea l l y  the  

c r i te r ion  f o r  the  interrupt ion of malaria transmission a s  l a i d  down by the 

WHO Expert Committee on Malaria ( ~ e n t h  Report, 1963). 

There might be some re f lec t ions  ind ica t ing  t h a t  the  malaria incidence 

i n  Basrah was reduced na tura l ly  and not owing t o  the  effect iveness  of DIYT. 

However, i n  Fao a rea ,  where the  f i r s t  two rounds of spraying was 

extremely poor with not more than a 3576 coverage of households, par t icu la r ly  

i n  those villages where most of the cases were detected,  the  epidemiological 

s i tua t ion  was d i f f e r en t .  Proper treatment with DDT i n  Fao was not car r ied  

out u n t i l  September 1964 and afterwards. Therefore, it could hardly be con- 

sidered a s  being protected by DDT during the main pa r t  of the  transmission 

season i n  1964. Epidemiological da ta  recorded i n  Fao during t h i s  period 

(1964) could thus be used Lo serve a s  a comparison o r  check with t h a t  col lected 

from the  r e s t  of t he  nahias where insec t ic ide  treatment was r e l a t i ve ly  b e t t e r  

conducted f o r  t he  year 1964. In the evaluation of the effect iveness  of DDT 

i n  in te r rup t ing  malaria transmission, Basrah liwa was therefore divided i n t o  

two areas on the bas i s  of i n sec t i c ida l  coverage, namely Fao and the  r e s t  of 

the Basrah liwa. 

Data on the  inciclence of malaria pr ior  t o  and a f t e r  the  resumption of 

DDT-spraying i n  Fao area col lected through survei l lance operations a r e  

tabulated below: 

Incidence of Malaria i n  Fao, Basrah Liwa 
Before and After Resumption of DDT-Spraying 

(Population: 35 482) 

* Of these about 8 000 s l i d e s  were col lected from mass blood examination 
and 10 cases of malaria were detected. 

+* The pos i t i v i t y  r a t e  i s  indicated on the  t ab l e  i n  support of the  
s ignif icance of API. 

Analysis Case 

Detection Data 

No. of s l i d e s  col lected 

No. pos i t ives  P.v. 

P.f. 

Mixed 

Tota l  

ABER, $ population. 

API per 1 0 0 0  population 

Pos i t iv i ty  Rate** 

Before 
Resumption 

June 1963- 
Mzy 1964 

7 118 

206 

120 

3 

329 
20.1 

10.5 1 
9.3 4.62 1 22'4 6.42 1 1.34 1 

After Resumption I 
June 1964- 
May 1965 

12 390 

7% 

5 
0 

795 

34.9 

June 1965- 
May 1966 

27 892* 

374 
0 

0 

374 

78.6 
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Owing t o  the poorly conducted DDT-spraying, as  discussed i n  the  

foregoing paragraphs, an increase i n  the  incidence of malaria was noted i n  

lgG4-65. The annual paras i te  incidence per 1 000 population recorded pr ior  

t o  the spraying opcrntion w a s  9.3 and it increasecl to 22.4 a L  Lhe end of the 

f i r s t  year of operation. Similar ly the pos i t i v i t y  r a t e  increased from 4 . 6 3  

t o  6.42Lh. However, a f t e r  the improvement of spraying operations both i n  

technique and i n  coverage, a remarkable reduction i n  the incidence of malaria 

was observed by the end of the  second year. of operation; the annual paras i te  

incidence per 1 0 0 0  population dropped from 22.4 t o  10.5 and t he  pos i t i v i t y  

r a t e  decreased from 6.4$ t o  1.34$, with a reduction r a t e  of approximately 

7% which meets the  c r i t e r i o n  for thc in te r rup t ion  of malaria transmission, 

a s  l a i d  down by the  WO Expert Committee on Malaria ( ~ e n t h  Report, 1963). 

I n  I r an ,  a p i l o t  project  was establ ished i n  1963 i n  Fassa shahrestan 

(population 208 657) t o  ascer ta in  whether transmission can be interrupted by 

using two rounds of 2 g. technical  DDT per square metre when applied under 

s t r i c t  supervision. The area represents  most of the  technical  and operational 

problems observed i n  southern Iran, including DDT resis tance t o  A.stephensi, 

exophily of A . f l uv i a t i l i s  and population movement of nomads. An attempt was 

made t o  i s sue  a l l  nomads with prophylactic drugs upon enter ing the  a rea ,  and 

although this plan was czr r ied  out ,  it was without much success as the time 

of entry f o r  t he  t r i b a l  population depends en t i r e ly  upon grazing and therefore 

r a i n f a l l  which makes t o t a l  coverage d i f f i c u l t .  The project  i s  epidemio- 

l og i ca l l y  assessed through Active Case Detection operations a t  15-day in te r -  

vals .  Epidemiological s tud ies  have revealed the f a c t  t h a t  95% of the  pro jec t  

viLlages have been freed from indigenous cases. The r e s u l t s  suggest t h a t  

DDT can reduce the transmission poten t ia l  t o  a point where addi t ional  measures, 

such a s  medicated salt f o r  the protect ion of t r i b a l  population, arc nccded t o  

support t h i s  insec t ic ide  i n  in te r rup t ing  the  transm5-ssion. The most formidable 
-. -*-- - - .  -- - 

t h r e a t  t o  ihe  project  i s - re - in t roduc t ion  of malaria. It would therefore have 

a much b e t t e r  chance of success i f  the whole a rea  of southern I r a n  could come 

under protection. 

I n  Khuzistan P la in ,  DDT was re-introduced i n  September 1964 and continued 

i n  1965 with two cycles  i n  March and September a t  the  usual dosage of 2 g./m2', 

covering a population of 527 046. It i s  purely an A.stephensi area. - . "  



Results obtained through Active Case Detection operations at 15-day intervals 

are shown below: 

Results indicate  t h a t  though transmission has not been completely i n t e r -  

rupted by DDT-residual spraying, as evidenced by the p o s i t i v e  infants  born 

Period 

21 March-22 Sept. 1964 

21  arch-21 Sept . 1965 

a f t e r  September 1964, it su f f i c e s  t o  say t h a t  transnlission has been grea t ly  

P . I .  per  1 000 

11 .g 

4.7 

reduced, though it has not met the  c r i t e r i o n  f o r  in te r rup t ion  of transmission 

S l ides  Collected 

88 298 

72 856 

t 

af ter  one year of DDT appl icat ion.  With the  experience gained i n  southern 

No. Posi t ives  

G 317 

2 447 

Iraq,  t h a t  transmission has been completely stopped a f t e r  the  second year's 

application of DDT spraying, and the  same can be expected i n  I ran .  

The epidemiological da ta  discussed above ind ica te  very c l ea r l y  t h a t  DDT 

residual spraying i n  r e s i s t a n t  A.stephensi a rea  may i n t e r rup t  the transmission 

of malaria provided t he  spraying operation i s  conducted very accurately sup- 

ported by i n t ens i f i ed  survei l lance operations. An operat ional  assessment of 

the surveillance operations i n  southern Iraq based upon information col lected 

from house cards ,  have revealed t h a t  i n  1964 and 1965 out of an index of 100 

of expebted house v i s i t s ,  81.4% were de f a c t o  car r ied  ou t ,  which i s  a high 

percentage taking i n t o  account l oca l  circumstances preva i l ing  i n  the  area. 

This f igure ir ldioaLes a high degree of r e l i a b i l i t y  of epidemiological da ta  

discussed above. 

An ecological ly  minded observer may not be s a t i s f i e d  with purely epidemio- 

logical da ta  proving the  effect iveness  of DlYT spraying i n  the  DDT-resistant 

A.stephensi area.  Therefore,  i n  the  subsequent paragraphs the  entomological 

observations made i n  soukhern I r aq  w i l l  be extensively discussed. 

-a-- J3ntomoLo~ical Observations 

A number of entomological observations have been made i n  southern I r a q ,  

prior t o  and a f t e r  the  resumption of DDT spraying A.stephensi a r ea ,  cons i s t ing  

mainly of su scep t i b i l i t y  t e s t s ,  vector  densi ty  s tud ies  and i n  respect  of the  
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bionomics of A.stepilensi. These observations w i l l  be discussed here below. 

2.1 Susceptibility tests carried out with A.stephensi 

Suscept ib i l i ty  t e s t s  were car r ied  out a t  .six-month i n t e rva l s  a f t e r  

resumption of DDT-spraying of premlses in southern Iraq to detect the 

possible  change i n  the  l eve l  of res i s tance  i n  the  A.stephensi population. 

The FJHO standard-technique was used f o r  the  t e s t s  on samples under 

observation, col lected from unsprayed s h e l t e r s ,  e i t h e r  human dwellings 

o r  s t ab l e s ,  i n  the  sprayed a rea  or  from outdoor night  co l lec t ions  of fed 

mosquitoes r e s t i ng  on the  untreated surfaces  i n  the  surroundings of the  

cow-baits . The c r i t i c a l  4.0% DDT concentration, with one hour exposure 

followed by a 24-hour recovery period, was used throughout this G C ~ ~ C E  

of observations. Resul ts  of the  t e s t s  a re  summarized a s  follows: 

* Samples col lected from sprayed she l t e r s .  

Data recorded by Graniccia e t  a1  (1958) on the  de tec t ion  of re-  

s i s tance  t o  DDT i n  A,stephensi is  not l i s t e d  i n  the  prceent summary of 

t he  t e s t s  so f a r  performed, a s  4.0% DDT was not included i n  t h e i r  



observations cmd therefore, the results cannot be readily compared with 

those of other tests using the critical 4.0% concentration. The highcet . L 

concentration used in their tests was 2.0% DDT which gave a mcrtality 

of 27.2% of those samples collected from Moawyia, a village about 30 

kilometres north of Basrah city. LC50 was estimated by them as being 

greater than 2.0% DDT concentration. 

Mortality rates observed from the tests conducted by Chang 

(~ctober 1961) and Sacca (~ay 1962) after DDT selective pressure had 

been withdrawn for about four years or more, and those recorded recently 

by Chang and Cullen ( ~ a y  1966) after more than two ycars of resumed DDT 

residual spraying of premises in the area (five rounds have been applied), 

are 64.78, 76.5% and 65.7$, respectively. Apparently, there is no 

significant difference in the level of DDT-resistance in the A.stephensi 

population under observa-Lion, i . e . ,  before and after the resumption of 

DDT spraying in Basrah liwa, 1964-66. The renewed DDT selective 

pressure has not resulted in stepping-up the resistance level, even in 

the same locality, under exactly the same testing technique and conditions. 

The analysis of the above-mentioned data leads to the conclusion 

that the natural population of A.stephensi consists of all genotypes and 

therefore is to be considered as a "intermediate" population as far as 

the susceptibility-resistance is concerned. Under these circumstances 

it can be expected with reasonable confidence that DDT spraying can be 

continued in the area if epidemiologically justified, without danger of 

raising the level of resistance in A,stephensi. 

2.2 Observation on Vector Densitx 

Routine collections - of A. stephensi by the "space- spray capture1' 

technique were made at monthly intervals from fixed capture stations 

in southern Iraq. Collections were made from sprayed houses as well 

as unsprayed shelters (those missed, closed or refused to be treated 

with DMI. during the spraying campaign). Blood digestion stage of all 

specimens captured were noted at the time when the collections were 

made. 

From the results obtained through these observations, it appears 

that a significant drop in vector density was experienced in the sprayed 
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bedrooms i n  comparison t o  that recorded i n  t he  unsprayecl bedrooms, 

applying the same proceduro . While the average nunibe~. uf. A.  stephensi 

caught per spraycd bedroom was 0.53 i n  1965, tho average number caught 

per unsprayed room was 3.09 during the  same period. It has t o  be 

addee t h a t  i n  sprayed rooins mosquitoes were faund mostly on hanging 

objects  (clothing,  ~ i c t u r e s )  or  underneath t he  bed, while i n  unsprayed 

rooms A.stcphensi was found r e s t i ng  on t he  walls  as well.  

An analysis  of t he  blood digest ion s tage of the  specimens captured 

i n  t h i s  s e r i e s  of observations made during the peak of the  breeding 

season ( ~ a y - ~ u n e )  confirms the  above f inding t h a t  a noticeable mortal i ty  

of A.stephensi m u s t  have occurred i n  the spraycd s t ruc tures  since a 

s ign i f ican t  drop has been observed i n  the number of half-gravid females 

recorded i n  the DDT-treated houses i n  comparison t o  those yielded from 

unsprzyed she l te rs .  

The seasonal d i s t r i bu t i on  of A.stephensi and i ts  densi ty  during 

1965 i n  sprayed and unsprayed bedrooms i s  presented on t he  graph next 

page 

A s  A.stephensi is  well known a s  a predominantly zoophylic species ,  

some observations were a l so  made on i t s  zoophylic tendency besides the  

observations made on suscep t ib i l i t y  l eve l  of A.stephensi and i t s  densi ty  

i n  DDT sprayed area. The explosive character of the  epidemic t h a t  

occurred i n  Basrah c i t y  i n  1953 was par t ly  explained by the  lack of 

domestic animals. 

There a re  two observations o f  ~pidcmiological  importance i n  

southern I r aq  i n  t h i s  respect .  F i r s t :  t h a t  t he  p r ec ip i t i n  t e s t  

ca r r ied  out on 378 specimans of fed A.  stephensi revealed t he  f a c t  t h a t  

i n  only 5.6% of the  specimens the blood meal of mosquitoes or iginated 

from man. The seconcl observation, which is  derived .from the  f i r s t ,  

ind ica tes  the epicleraiological s ignif icance of the zoophylic tendency 

of P+.stephensii. Namely, i n  the  course of s tud ies  carr ied out a numSer 

of households were investigate+. i n  respect  of populat-fon, insecticidal 

coverage, survei l lance operations, e t c . ,  and among others  the  number 

of domestic animals were recorded. Shown below are  indicat ive f igures  

i n  respect  of two nahias i n  southern I r aq ,  f o r  Mmlaha (Fao) where the  





transmission s t i l l  pers i s ted  i n  1965, and Sha t t  a1 Arab where the  

nurnber US cases eecreased a s  expec-Led, 

so le ly  responsible f o r  the continued transmission taking place i n  

Malaha ( ~ a o )  , but with other f ac to r s  contr ibut ing t o  the  development 

Nahi a 

Sha t t  a1  Arab 

M a m 1 a i - a  ( ~ a o )  

' 

' of l oca l  epidemiological s i t ua t i on  i n  the A.stephensi area,  
4 

V DISCUSSION 

There is no doubt t h a t  mm/mimal r a t i o  a s  indicated above is not 

No. of 
investigated 
households 

104 

104 

! ' 
It, is  well known t h a t  the basic  task  f o r  t he  eraclication of malaria is  

to ,  i n t e m p t  transmission and t o  keep the t ransn~ission interrupted long 

enough t o  eliminate the remaining parasite reservoir amonzst the  already 

No. of 
inhabi tants  

895 

778 

irkected individuals.  On the other hand, it is  equally well known t h a t  

- th 'e  malaria endemo-epidemic po ten t ia l  va r i e s  considerably from one area t o  

C a t . t l e  
and 

horses 

150 

35 

anpther . 
The malaria endemo-epidemicity is dea l t  with i n  the  course of a malaria 

e r a j i c a t i on  programme by: 

i. Applying standard a t tack  measures i n  order t o  cope with the :  

i n t ens i t y  of malaria en6emo-epidemicity. 

ii. Ensuring t o t a l  coverage of the  a t tack  operations i n  o N e r  t o  cope 

+ 

API 

with the extent  of malaria endemo-epidemicity, 

. 
1953 
1964 

5.3 

9.3 

Experience has shown t h a t  standard a t tack  measures applied with reasona- 

b l e  coverage resu l ted  i n  successful interrupt ionf  of transmission and f i n a l l y  

eradicat ion of malaria i n  a number of countries an6 areas of the world t h a t  

were or ig ina l ly  considered a s  highly malarious. I n  some areas ,  however, 

I 

1964 ' 
1965 

1.7 

22.4 

pa r t i cu l a r l y  i n  those where technical  d i f f i c u l t i e s  occurred, the  appl icat ion 

1965 
1966 

0.5 

10.5 

of standard at tack measures did  not lead to the  in te r rup t ion  of transmission. 
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It has t o  be pointed out t h a t  s tud ies  so f a r  conducted i n  areas  having 

met  technical obstaoles revealed the  f a c t  t h a t  besides the  technica l  problems, 

there were always operational ancl administrative lacunae t h a t  have contributed 

t o  the non-interruption of transmission. 

The example of the  res i s tance  of A.stephensi t o  DDT and the  r e s u l t s  

obtained by the  appl icat ion of the  same insec t ic ide  against  the  r e s i s t a n t  

A.stephensi i n  southern I raq  i l l u s t r a t e s  c l e a r l y  t h a t  the  transmission of 

malaria can be greatly reduced, even in te r rup ted ,  provided a t tack  measures 

are applied with humanly possible  accuracy. 

There are other examples of successful  in te r rup t ion  of transmission and 

eradication of malaria i n  countr ies  o r  a reas  where physiological res i s tance  

of the vector  presented presumably a technical  obstacle.  This was t he  case 

of A.saccharovi i n  Greece and 13.culicifacies i n  Ind ia  and some p a r t s  of West 

Pakistan. 

It is not the  in ten t ion  of t h i s  paper t o  deny t h e  importance of techni- 

cal problems manifested through the  res i s tance  of the  vector  t o  applied in- 

secticicle. On the  contrary,  t h l s  paper should fu r t he r  s t imulate  research 

workers i n  a l l  countr ies  of t h i s  Region t o  continue and even i n t ens i fy  t h e i r  

studies i n  t he  f i e l d  and i n  t he  labora tor ies ,  but  bearing i n  mind a l l  the  

complexities involved including the  ecological  f a c to r s  con t r ibu t ing  t o  the  

transmission of malaria and the  mentality of the  man who is  applying an t i -  

malaria measures. For the  successful  execution of a malaria eradicat ion 

campaign, f l e x i b i l i t y  of operations is  require2 which means the  adjustment 

and i n t ens i f i c a t i on  of standard measures I n  accordance with the  spec i f i c  

intensity of malaria endemo-epidemicity of the  a rea  concerned. There is no 

doubt t h a t  research workers and technical  s t a f f  of na t iona l  malaria s e ~ i c e s  

can grea t ly  contr ibute  t o  the  achievement of t h i s  t ask .  

V I  CONCLUSIONS 

Technical problems caused by the  res i s tance  of some vectors  of malaria 

to applied i n sec t i c i de s  have been experienced i n  the  malaria programmes i n  

Iran, I r a q ,  Pakis tan,  Saudi Arabia and the  United Arab Republic. While the  

resistance of A.cul ic i facies  t o  DDT i n  a l imited area of West Pakistan has 

had no epidemiological consequences or, the  ppogress of t he  Malaria Eradicat ion 

programme so  f a r ,  r es i s tance  of A.st,ephensi i n  Saudi Arabia and A.pharoensia 
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in the United Arab Republic has to be viewed from a different angle since 

in these two countries the Malaria Eradication prugrsammes are still in the 

planning stage. 

The development of the physiological resistancu i r l  A.stephensi to 

dieldrin and DDT in southern Iran ancl southern Iraq presented a technical 

obstacle, particularly in southern Iran, where the application of these 

insecticides on a total coveragc basis was withdrawn in 1951. 

During an outbreak of malaria in Basrah (southern Iraq) in 1963, DM' 

spraying was Carrie6 out and was found useful in curtailing the epidemic 

according to an epidemiological study of the epidemic. On this basis, DM' 

spraying was recommended as the main attack measure for southern Iraq. 

Simultaneously with the resumed DDT residual spraying in southern Iraq, 

extensive field studies were untlertaken aiming at a continued evaluation 

of the effectiveness of this insecticide against the DDT-resistant 

A.stephensi, These complex studies consisting of epidemiological and en- 

tomological observations lead to the following conclusions: 

1. D m  spraying applied twice yearly at a dosage of 2 g./m2, has greatly 

reduced and even interrupted the transmission of malaria in southern Iraq. 

With the exception of Fao area, the decrease of malaria incidence, in the 

rest of Basrah liwa, has met the criterion for the interruption of malaria 

transmission as laid down by the WHO Expert Committee in its Tenth Report. 

2. The resumed DDT spraying in southern Iraq has not caused a further 

selection of resistant gene in the natural population of A.stephensi and 

there has been no increase in the resistance level of this mosquito in spite 

of continued pressure with this insecticide for over two years. 

The experience gained in southern Iraq from the resumption of DDT 

spraying in the resistant R,stephensi area is very encouraging and allows 

the recommendation with reasonable confidence that this insecticide may be 

used as a main attack measure all over the A.stephensi area with good chances 

of success provided it is applied with the humanly highest possible accuracy. 

However, research workers and technical staff of the national malaria 

services should continue with field stuclies on the effectiveness of this 

insecticide against the resistant vector(s), with a view to-determining 



whether t h i s  i n sec t i c i de ,  when appliecl a t  the  normal or  increase6 frequen- 

c ies ,  can achieve in te r rup t ion  of transinissicn o r  need t o  be supplemented 

with other measures, taking i n t o  f u l l  consideration the  ecological  condi- 

t ions of the area concerned. 
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ANNEX I 

INCIDENCE OF Mr,LARIA I N  BASRAH LIIVA 
~IBl?OIE AND AFTER RESUMPTION OF DM' SPRAYING 

' 

, 

** Pos i t iv i ty  r a t e  indicated i n  support of API. 

Before 
Resumption 

June 1963. 
Nay 1964 

28 483 
2 888 

208 
12 

3 108 

27.1 
12.3 
4.54 

7 118 
206 
120 

3 

3-29 

20.1 
9 3 
4.62 

I 

I 
Nahi a 

(~opula t ion)  

Basrah c i t y  
(252 994) 

I 

,.-- --. - , 

v 

Pao 
(35 482) 

After Resumption 
1st Year j 2nd Year 

J:me 1954- J1-e 1965- 

' 

Analysis Case 

Detection Data 

No. of dlidee oollected 
No. posi t ives:  P. v.  

~ . f .  
Mixed 

Total  

AHER 
A P I / ~  000 population 

P o s i t i v i t y  rate** 

No. of s l i d e s  co l lec ted  
-No. posi t ives:  P.v. 

P.f. 
Mixed 

Total  

~ E R  
API /  1 000 population 
Pos i t i v i t y  rate** 

May 1965 1 
71 822 

289 
1 
0 

290 

28*4 
1.1 
0.40 

12 390 
790 

5 
0 

795 

34.9 
22.4 

1 6.42 

Seeba 
(22 705) 

- . 

I 

' ~ b u l  m a s i b  
(39 639) 

' * Mass blood 
8 000 s l i d e s  

May 1906 

92 764 
54 
1 
2 

67 

3s 7 
0.3 . 
0.07' 

27 89* 
374 

0 
0 

374 

78.6 
10.5 
1-34 

No. of s l i d e s  co l lec ted  
No. posi t ives:  P.v. 

~ . f .  
Mixed 

Total  

ABER 
A P I / ~  000 population 
Pos i t i v i t y  rate** 

No. of s l ides  collected 
NO. posi t ives:  P.V. 

P.f. 
Mixed 

Total  - 

ABER 
A P I / ~  000 population 
Pos i t i v i t y  rate** 

examinations were conducted 
were col lected and 10 

7 804 
44 
o 
0 

44 

34 4 
1.9 
0.56 

11 868 
8 
0 
0 

8 ,  

29.9 
0.2 
0.07 

nearly 

6 494 
220 

8 
0 

228 

28.6 
10 .O 

3.51 
- -- 

8 850 
379 
17 
0 

396 

22.3 
10 .O 

9 403 
194 

o 
0 

194 .  - - .  . 

41.4 
8.5 
2.05 

8 255 
29 
1 
0 

30 

20.8 
0.8 

4.47 1 0.36 

i n  September 1965 of which, 
malaria cases were detected. 
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Nahia 

( ~ o p u l a t i  on) 

I Sha t t  a 1  Arab 
(54 425) 

-. - -- - -- 

* P o s i t i v i t y  r a t e  ind ica ted  i n  support  of API. 

1 .  

' 

Analysis Case 

Detect ion Data 

No. of slides callected 
No. pos i t ives :  P.v. 

P.f. 
Mixed 

Tota l  

ABER 
API/L 000 population 
P o s i t i v i t y  Rate* 

No. of s l i d e s  oollec t ed  
NO. pos i t ives :  P.V. 

P . f .  
Mixed 

T o t a l  

AEiER 
APT/I 000 populat ion 
P o s i t i v i t y  rate* 

No. of e l i d e s  c o l l e c t e d  
No. pos i t ives :  P .V .  

P. f . 
Mixed 

Tota l  

ABER 
A P I / ~  000 popula7~ion 
P o s i t i v i t y  ra te*  

No, of d l i d e s  collec Led 
No. posi t ives  : P. v. 

P - f .  
Mixed 

Tota l  

ABER 
A P I / ~  000 popclat ion 
P o s i t i v i t y  rate* 

/I After  Resumption 
Re su,npt P on 

June 1paT- 
.May 1924 

4 
1 Is; Year 
June 19>4- 

1 .Mag 19 5 

2nd Year 
June 19b5- 
May 19th 

10 877 
25 
0  
0  

25 

20 .O 
03 
0.23 

24 26 1 
3 
1 
0  

3'7 ‘ -^ 

25.7 
0.4 

I 0.15 

i 15731 
32 

i 1 
0  

12  (dl ' 1. 455 
93 ':i 1 1 

0 0  

289 

23.4 
5 - 3  
2.25 

9 917 
403 

4 
0  

407 

10 *? 
4.5  
4 .10 

94 

3O 0 2 
1.7 
0.57 

1'7 140 
48 
0  
1 

49 . 

18.8 
0 -5  
0.29 

- 235 

1F. 6 
3-9 
1-93 

11 148 
33 
15 
1 

49 -- 

14.4 
0 . 5  
0.42 

11 824 
219 
15 
1 

115 / 33 

1 1 5 7 4  
114 

O 
1 

19.2 
1-9 
0.95' 

14 1 / 1  
25 
0 
0  

' .  25 

1'7 4 3 
0 .3  
0.18 

25.1 
0.G 
0.21 

22 025 
10 
0  
0 

10 

29. 9 
o . 1 
0 .05 
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* Pos i t i v i t y  r a t e  indicated i n  support of API. 
4 

Nahia 

(~opu la t i on )  

Mudiena 
(34 259) 

WTAL 
(572 686) 

Before 
Resdnption 

June 1953- 
May 1324 

13 269 
22 7 - 

- 
227 

38-7 
5.5 
1 . 7 1  

150 4 ~ 4  
4 847 

404 
17 

5 268 

22.4 
7-8 
3 50 

Analysis Case 

Deteotion Data 

No. of s l i d e s  Collected 
No. posi t ives:  P.v. 

P . f .  
Mixed 

Total  

AEWi 
API/1 000 population 
Pos i t i v i t y  rate* 

No. of s l i de s  col lected 
No. posi t ives:  P.v. 

~ . f .  
Mixed 

Total  

ABER 
API/1 000 population 
Pos i t iv i ty  rate* 

After 
. 

1st Year 
June 1904- 
May 19~5 

10 384 
69 
0 
0 

69 

30.3 
2.0 
0.65 

171 594 
1 651 

8 
2 

1 661 

24.9 
2.5 
0-99 

ReswnpJiion 

2nd Year 
June 1355- 
May 1935 

15 285 
'7 
0 
0 

7 

44.6 
0.2 
0 .05 

228 514 
600 

3 
2 

605 

34 .O 
0.9 
0.26 


