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Appendix 
 
Supplementary Table 1. Search strategy in multiple databases (last search date = 18 September 2020) 

Search 

Set 
MEDLINE EMBASE Global Health Web of Science 

1 Exp malaria/ Exp malaria/ Exp malaria/ TS = malari* 

2 Exp anopheles/  Exp Anopheles/ Exp anopheles/ TS = anophel* 

3 Exp plasmodium/ Exp plasmodium/ Exp plasmodium/ TS = disease vector$ 

4 Malaria.tw. Malaria.tw. Malaria.ab. TS = mosquito* 

5 Malari*.tw. Malari*.tw. Malari*.ab. TS = plasmodium 

6 Anophel*.tw. Anophel*.tw. Anophel*.ab. 1 or 2 or 3 or 4 or 5 

7 Mosquito*.tw. Mosquito*.tw. Mosquito*.ab. TS = rice 

8 Entomolog*.tw. Entomolog*.tw. Entomolg*.ab. TS = “rice field$” 

9 Parasitemi*.tw. Parasitemi*.tw. Parasitemi*.ab. TS = “ricefield$” 

10 Parasitaemi*.tw. Parasitaemi*.tw. Parasitaemi*.ab. TS = “rice cultivat*” 

11 Plasmodium.tw. Plasmodium.tw. Plasmodium.ab. TS = “rice grow*” 

12 1 or 2 or 3  1 or 2 or 3 1 or 2 or 3 TS = “rice padd*” 

13 
4 or 5 or 6 or 7 or 8 or 9 or 
10 or 11  

4 or 5 or 6 or 7 or 8 or 9 or 
10 or 11 

4 or 5 or 6 or 7 or 8 or 9 or 
10 or 11  

TS = “rice irrigat*” 

14 12 or 13 12 or 13 12 or 13 
7 or 9 or 10 or 11 or 12 or 

13 

15 Exp oryza/ Exp rice/ Exp rice/ 6 and 15 

16 Exp agriculture/ Exp agriculture/ Exp oryza/  

17 Rice.tw. 
Exp “irrigation 
(agriculture)” 

Exp agriculture/  

18 Rice field$.tw. Rice.tw. Rice.ab.  

19 Ricefield$.tw. Rice field$.tw. Rice field$.ab.  

20 Rice cultivat*.tw. Ricefield$.tw. Ricefield$.ab.  

21 Rice grow*.tw. Rice adj4 cultivat*.tw. Rice adj4 cultivat*.ab.  

22 Rice padd*.tw. Rice adj4 grow*.tw. Rice adj4 grow*.tw.  

23 Irrigat*.tw. Rice adj4 practice$.tw. Rice adj4 practice$.ab.  

24 15 or 16 Rice adj4 technique$.tw. Rice adj4 technique$.ab.  

25 
17 or 18 or 19 or 20 or 21 

or 22 or 23  
Rice adj2 padd*.tw. Rice adj2 padd*.ab.  

26 24 or 25 Rice adj2 irrigat*.tw. Rice adj2 irrigat*.ab.  

27 14 or 26 15 or 16 or 17  15 or 16 or 17   

28  
18 or 19 or 20 or 21 or 22 

or 23 or 24 or 25 or 26  

18 or 19 or 20 or 21 or 22 

or 23 or 24 or 25 or 26  
 

29  27 or 28 27 or 28  

30  14 and 29 14 and 29  
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Supplementary Table 2. Characteristics of observational studies included in the quantitative, semi-quantitative and qualitative* analyses (n=53). 

Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Chandler 

et al. 19751 
Kenya 1971 

Rural 
(Ahero) 

An. 

gambiae 

s.l. 

- Cohort 

7-22 

catches per 

(3) village 

N/A 
HLC (inside and 
outside) 

Grassland 

country  

(10 km) 

12 
months 

Yes*     

Chandler 

et al. 19762 
Yes*     

Audibert 

et al. 19903 
Cameroon 1979 Rural - - 

Repeated 

cross-

sectional 

4611 2 – 9 
Random selection of 

clusters 

Non-rice 

growing  
N/A    Yes  

Carnevale 

& Robert 

19874 

Burkina 
Faso 

1980 

Rural 

(Vallée 

du Kou) 

An. 

gambiae 

s.l. 

- 

Cohort - N/A - 
Savannah (10 
km) 

9 

months 
Yes* Yes Yes*   

Cross-

sectional 
2322 2 – 9 - N/A    Yes  

Coosemans 

et al. 19845 
Burundi 1981 

Rural 

(Rusizi) 

An. 
gambiae 

s.l. 

- 
Cross-

sectional 

4-5 trap-
nights per 

(9) village  

N/A 
HLC (inside and 

outside) 

Market 

gardening, other 
crops e.g. 

cotton, banana, 

maize, yams 

N/A Yes*     

- 0 – 20  - N/A    Yes*  

Couprie et 

al. 19856 
Cameroon 1981 Rural 

An. 
gambiae 

s.l. 

55% 

prevalence 

Cross-

sectional 
924 2 – 9 - 

Next to lake, no 

rice cultivation 
N/A    Yes  

Coosemans  

19857 
Burundi 1982 

Rural 
(Rusizi) 

An. 

gambiae 

s.l. 

- 

Cohort 
8-19 houses 
per (2) 

village 

N/A HLC (inside) 
Cotton  
(15 km) 

12 

months 
Yes*     

Cross-

sectional 
3692 0 – 5 - N/A    Yes  

Robert et 

al. 19858 

Burkina 

Faso 
1983 

Rural 
(Vallée 

du Kou) 

An. 
gambiae 

s.l. 

- Cohort 

176 

captures 

across 4 
villages 

N/A HLC (inside) 
Savannah (20 

km) 

12 

months 
Yes* Yes Yes*   

Mukiama 

& Mwangi 

19899 

Kenya 1984 
Rural 

(Mwea) 

An. 

gambiae 

s.l. & An. 
pharoensis 

- Cohort 

2 houses 

fortnightly 

per (4) 
village 

N/A 
Based on permission 
of owner / PSC, 

CDCLT and exit traps 

Periphery of 
rice area  

(5 km) 

12 

months 
Yes*     

Josse et al. 

198710 
Cameroon 1985 Rural 

An. 

gambiae 

s.l. 

- 
Cross-
sectional 

2375 2 – 9 
Sampling random 
clusters 

Non-rice 
growing area 

N/A    Yes  
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Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Boudin et 

al. 199211 

Burkina 
Faso 

1985 

Rural 

(Vallée 

du Kou) 

An. 

gambiae 

s.l. 

- 
Cross-
sectional 

2120 0 – 14 Voluntary participation Savannah N/A    Yes  

Githeko et 

al. 199312 
Kenya 1989 

Rural 
(Ahero) 

An. 
arabiensis 

- Cohort 
3 houses 
weekly per 

(2) village 

N/A 
HLC (inside and 
outside) 

Sugar belt  
(6 km) 

13 
months 

Yes* Yes Yes*   

Githeko et 

al. 199613 
Kenya 1989 

Rural 

(Ahero) 

An. 

gambiae 
s.l. 

- Cohort 

2-3 houses 

monthly per 
(2) village 

N/A PSC 
Sugar belt  

(6 km) 

13 

months 
Yes*     

Faye et al. 

1993a14 
Senegal 1990 Rural 

An. 
gambiae 

s.l. 

- Cohort 

2 houses 

monthly per 
(3) village 

N/A 
HLC (inside and 

outside) Traditional 
agriculture  

(5 km) 

17 

months 
Yes*     

Faye et al. 

1993b15 
- 

Cross-
sectional 

1149 0 – 9 - N/A    Yes  

Gbakima 

199416 

Sierra 

Leone 
1991 Rural 

Not 

reported 
- 

Cross-

sectional 
1106 

All 

ages 
Voluntary participation 

Undeveloped 

swamps  
(5 km) 

N/A    Yes  

Thomson 

et al. 

199417 

The 

Gambia 
1991 Rural 

An. 
gambiae 

s.l. 

- 

Cohort 

1 house 

weekly per 
(16) village 

N/A PSC and exit traps 

Non-rice 

growing 

7 
months 

Yes* Yes Yes*   

Cross-

sectional 
1465 1 – 4 

Compounds randomly 

selected, up to 30 

children  recruited 
from each 10 villages 

N/A    Yes  

Faye et al. 

199518 
Senegal 1992 Rural 

An. 

gambiae 
s.l. 

- 

Cohort 
156-168 
trap-nights 

0 – 10 
HLC (inside and 
outside) Traditional 

agriculture  
(5 km) 

26 
months 

Yes* Yes*    

Cross-

sectional 
985 0 – 10 - N/A    Yes  

Githeko et 

al. 199419 
Kenya 1993 

Rural 

(Ahero) 

An. 
gambiae 

s.l. 

- Cohort 
41-65 trap-

nights 
N/A CDCLT 

Sugar belt  

(6 km) 
- Yes*     

Ijumba et 

al. 2002a20 
Tanzania 1994 

Rural 

(Lower 

Moshi) 

An. 

gambiae 

s.l. 

- Cohort 

2 houses 

fortnightly 
per (3) 

village 

N/A CDCLT 

Savannah  

(8 km) and 
sugarcane 

irrigation  

12 
months 

Yes* Yes Yes*   
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Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Ijumba et 

al. 2002b21 

Cross-

sectional 
2951 1 – 4  All children enrolled 

(15 km) 
N/A    Yes Yes 

Marrama 

et al. 

200422 

Madagas-
car 

1994 Rural 

An. 

arabiensis 
& An. 

gambiae 
s.s. 

- Cohort 

8-16 

captures 
monthly per 

(3) village 

N/A 
HLC (inside and 
outside), PSC, CDCLT 

Natural sub-arid 
ecosystem 

12 – 36 
months  

Yes Yes Yes*   

Doannio et 

al. 200623 

Côte 

d’Ivoire 
1994 Rural 

An. 

gambiae 
s.l. 

- Cohort 

4 houses 
(10-22 

captures per 

village) 

N/A 

Selection based on 
group of dwellings / 

HLC (inside and 

outside) 

Humid wooded 

savannah 

10 

months 
Yes*     

Dolo et al. 

200424 

Mali 1995 Rural 
An. 
gambiae 

s.l. 

- 

Cohort 
2 houses 
per (6) 

village 

N/A 
HLC (inside and 
outside) 

Savannah (10 -

15 km) 

30 
months 

Yes* Yes Yes*   

Sissoko et 

al. 200425 

Cross-

sectional 
9134 0 – 14 

All children of 
appropriate age 

interviewed 

    Yes Yes* 

Briet et al. 

200326 

Côte 

d’Ivoire 
1996 Rural 

An. 

gambiae 
s.l. 

- Cohort 

Every 6 

weeks per 

(13) village 

N/A 
HLC (inside and 

outside) 

Inland valley 

without rice 

cultivation 

12 

months 
Yes*     

Henry et 

al. 200327 

Côte 

d’Ivoire 
1997 Rural 

An. 
gambiae 

s.l. 

4% used 
mosquito 

nets 

Repeated 

cross-
sectional 

36217 
All 

ages 

Random selection of 

compounds within 

randomly selected 
villages  

Lowlands with 
dense 

vegetation 

N/A    Yes  

Cohort 42818 
10 

months 
    Yes 

Betsi et al.  

200328 

Côte 

d’Ivoire 
1998 Rural 

Study 
concerns 

An. 

funestus 

- Cohort 

3 houses 

per (3) 
village 

N/A 
HLC (inside and 

outside) 

Lowlands with 

dense 
vegetation 

12 

months 

Yes* 

(AF 
only) 

Yes 

(AF 
only) 

Yes* 

(AF, 
AG) 

  

Betsi et al. 

201229 

Côte 

d’Ivoire 
1998 Rural 

An. 

gambiae 

s.l. 

- Cohort 

3 houses 
every 6 

weeks per 

(6) village 

N/A 
HLC (inside and 

outside) 

Lowlands with 

dense 

vegetation 

13 

months 
Yes*     

Assi et al. 

201330 

Côte 
d’Ivoire 

1998 Rural 

An. 

gambiae 
s.l. 

- 

Repeated 
cross-

sectional 

29330 
All 
ages Random selection of 

villages 

Inland valley 

without rice 
cultivation 

N/A    Yes  

Cohort 33678 
All 
ages 

12 
months 

    Yes 
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Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Baldet et 

al. 200331 

Burkina 

Faso 
1999 

Rural 
(Vallee 

du Kou) 

An. 
gambiae 

s.l. 

- Cohort 
4 houses 
monthly per 

(3) village  

N/A HLC (inside) Savannah 
12 

months 
Yes*  Yes*   

Dabire et 

al. 200732 

Burkina 

Faso 
2000 Rural 

Study 

concerns 

An. 

funestus 

- Cohort 
4 houses 
weekly per 

(3) village 

N/A 
HLC (inside and 

outside) 

Savannah (50 

km) 

5 

months 
Yes* Yes Yes*   

Mutero et 

al. 200433 
Kenya 2001 

Rural 

(Mwea) 

An. 

arabiensis 
- 

Cohort 
12 houses 
monthly per 

(4) village 

N/A 
HLC (inside and 

outside) 

Non-irrigated 

(16 km) 

12 

months 
Yes*     

Cross-
sectional 

206 0 – 9 

All households with 
children <10 years of 

age identified and 
proportionately 

sampled  

N/A    Yes  

Amusan et 

al. 200534 
Nigeria 2001 Rural 

An. 
gambiae 

s.l. 

- Cohort 
4 houses 
weekly per 

(2) village 

N/A CDCLT 

Rubber & oil 

plantation 

within lowland 

forest 

12 

months 
Yes*     

Okoye 

200335 
Ghana 2002 Rural 

An. 
gambiae 

s.l. 

- Cohort 
4 houses 
monthly per 

(2) village 

N/A 
HLC (inside and 

outside) and PSC 

Non-irrigated 

(10 km) 

6 

months 
Yes* Yes Yes*   

Koudou et 

al. 200936 

Côte 

d’Ivoire 
2002 Rural 

An. 
gambiae 

s.l. 

12% slept 
under a 

bednet 

Repeated 

cross-
sectional  

3212 0 – 15 

All children randomly 

selected from primary 
schools 

Subsistence 

agriculture / 
intensive 

vegetable 

farming 

36 
months 

years 

   Yes  

Koudou et 

al. 201037 
Cohort 

4 houses 

every 2 

months per 
(2) village 

N/A 
HLC (inside and 

outside) 
Yes Yes Yes   

Manoukis 

et al. 

200638 

Mali 2004 Rural  

An. 

gambiae 

s.l. 

- 
Cross-
sectional 

2 houses 

per (3) 

village 

N/A 
HLC (inside and 
outside) 

Non-irrigated 

area  

(10 km) 

N/A Yes     

Muturi et 

al. 200639 

Kenya 2004 
Rural 
(Mwea) 

An. 
arabiensis 

- Cohort 
30 houses 
fortnightly 

N/A 

Equal numbers of 
houses were selected 

from centre and 
periphery / HLC 

(inside and outside) 

Other crops e.g. 

maize, beans, 
bananas 

(15 km) 

12 
months 

Yes*     

Muturi et 

al. 200840 
Yes Yes Yes   
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Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Atangana 

et al. 

201241 

Cameroon 2004 Rural 

An. 
arabiensis 

& An. 
gambiae 

s.s. 

- Cohort 

40 trap-

nights per 
village 

N/A 
HLC (inside and 
outside) and PSC 

Market 

gardening (200 
km) 

24 
months 

Yes* Yes Yes*   

Rumisha 

et al. 

201942 

Tanzania 2004 Rural 

An. 

gambiae 
s.l. 

50%b / 75 – 

85% slept 

under a 
mosquito 

net 

Cross-

sectional  
7888 6 – 15 

Primary schools within 

selected villages 

Sugar 
(5 km) and 

savannah 

(15 km) 

N/A    Yes  

Mboera et 

al. 201043 
Tanzania 2004 Rural 

An. 

gambiae 
s.l. 

- Cohort 

3 houses 

monthly per 
(5) village 

N/A 

House selection based 
on settlement patterns 

(and similar 
construction) / CDCLT  

Sugar  
(5 km) and 

savannah  
(15 km) 

12 

months 
Yes* Yes Yes*   

Mboera et 

al. 201144 
Tanzania 2005 Rural 

An. 

gambiae 

s.l. 

- 
Cross-
sectional 

578 0 – 15 

Schoolchildren (lower 

classes 1-4) from 6 

primary schools  

Sugar  

(5 km) and 
savannah  

(15 km) 

N/A    Yes  

Antonio-

Nkondjio 

et al. 

200845 

Cameroon 2006 Rural 

An. 

arabiensis, 
An. 

gambiae 

s.s. & An. 
funestus 

- Cohort 

20-30 

houses 

fortnightly 
per (3) 

village 

N/A 
HLC (inside and 

outside) and PSC 

Other crops e.g. 
maize, millet, 

groundnut (20 

km) 

5 

months 
Yes* Yes Yes*   

Ntonga et 

al. 201046 
Cameroon 2006 Rural  

An. 
gambiae 

s.l. 

- Cohort 
3 houses 
monthly per 

(2) village 

N/A HLC (inside) 
Rich in fish 
species 

12 
months 

Yes* Yes Yes*   

Diakite et 

al. 201547 

Côte 

d’Ivoire 
2007 Rural 

An. 

gambiae 
s.l. 

- 

Repeated 

cross-
sectional 

4 sites 
monthly  

per (5) 

village 

N/A 
HLC (inside and 

outside) 

Non-irrigated / 
not developed 

rice cultivation 

yet  

33 

months 
Yes* Yes Yes*   

Toure et 

al. 201648 
Mali 2010 Rural 

An. 
gambiae 

s.l. 

40% b / 

82% 
children 

below 10 
slept under 

LLIN night 

prior 
survey 

Cross-
sectional 

1145 

0.5 – 9  

Random selection of 
households. 

All children aged 6 
months to 9 years 

enrolled to cohort 

study 

Dry area where 

ground water 
pools depend on 

rainfall 

N/A    Yes  

Cohort 549 
12 
months 

    Yes 
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Study Country Year 

Setting 

(irrigatio

n 

scheme) 

Primary 

vectors 

Transmissi

on / LLIN 

coverage / 

IRS 

coverage 

Study 

design 
Study size 

Age 

group 

Recruitment of 

participants / Method 

of mosquito collection 

Control 

group(s) 

(distance from 

rice) 

Follow

-up 

Outcomes included 

Entomological Epidemiological 

HBRa SRa EIRa PRa MIa 

Hakiziman

a et al. 

201849 

Rwanda 2010 Rural 

An. 

gambiae 
s.l. 

- Cohort 

3 houses 

monthly per 
(21) village 

N/A 
HLC (inside and 

outside) 

No rice 

cultivation 

24 

months 
Yes* Yes Yes*   

Mboera et 

al. 2015a50 
Tanzania 2012 Rural 

An. 

gambiae 

s.l. 

Over 83% 

of 
households 

had ITN 

Cross-
sectional 

3 houses 
per (5) 

village 

N/A CDCLT Dry / wet 

savannah  

(5-10 km) 

N/A Yes* Yes*    

Mboera et 

al. 2015b51 
1019 0 – 15  

Schoolchildren were 
recruited 

N/A    Yes  

Hien et al. 

201752 

Burkina 

Faso 
2014 

Rural 

(Vallée 
du Kou) 

An. 

gambiae 
s.l.  

15-30%  
Cross-

sectional 
614 0 – 15 

Random sampling on 

individuals  

Subsistence 

agriculture (15 
km) 

N/A    Yes  

Babamale 

et al. 

202053 

Nigeria 2016 Rural - - 
Cross-
sectional 

230 
All 
ages 

Voluntary participation 
based on study criteria 

Sugar and yam N/A    Yes  

Total (quantitative) = 4 17 2 22 4 

Total (semi-quantitative) = 31  16   

Total (qualitative) =   2 1 1 1 

Total (qualitative, semi-quantitative & quantitative) = 36 19 19 23 5 

Total =  36 23 

Total =  53 

- = not reported 

* = analysed qualitative / semi-quantitative 
a HBR = human biting rate; SR = sporozoite rate; EIR = entomological inoculation rate; PR = parasite rate; MI = malaria incidence  
b Prevalence considered for sample size estimation  

HLC = human landing catch 

CDCLT = CDC light trap 

PSC = Pyrethrum spray catch 
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Supplementary Table 3. Meta-analyses of the association between residence in rice-growing areas and parasite 

prevalence (adjusted risk ratios). 

Study Country Year 
Rice type 

(cropping seasons) 
Adjusted risk ratio (95% CI) 

Henry et al. (2003) Côte d’Ivoire 1997 Single  0.76 (0.66, 0.87) 

Henry et al. (2003) Côte d’Ivoire 1997 Double 0.54 (0.47, 0.62) 

Assi et al. (2013) Côte d’Ivoire 1998 Single  0.79 (0.64, 0.97) 

Assi et al. (2013) Côte d’Ivoire 1998 Double 0.85 (0.73, 1.00) 

Pooled effect estimate before 2003 (p<0.0001, I2=87.08%) 0.73 (0.57, 0.89) 

Mboera et al. (2015) Tanzania 2012 Single 7.69 (4.35, 14.29) 

Pooled effect estimate after 2003 (p=1.0000, I2=0.00%) 7.69 (4.35, 14.29) 

 
Supplementary Table 4. Sensitivity analysis on the year 2003 as a cut-off point.  

Year 
Risk ratio pre-

scale-up 

Number of studies 

pre-scale-up 

Risk ratio post-

scale-up 

Number of studies 

post-scale-up 

Wald-type 

test p-value 

2001 0.81 (0.61 – 1.08) 17 1.61 (0.99 – 2.60) 8 0.016 

2002 0.82 (0.63 – 1.06) 18 1.73 (1.01 – 2.96)  7 0.014 

2003 0.82 (0.63 – 1.06) 18 1.73 (1.01 – 2.96) 7 0.014 

2004 0.87 (0.66 – 1.16) 19 1.62 (0.87 – 3.01)   6 0.075 

2005 0.93 (0.71 – 1.22) 21 1.66 (0.64 – 4.29)  4 0.247 

 
Supplementary Table 5. Meta-analyses of the association between residence in rice-growing areas and An. 

gambiae s.l. human biting rate. 

Study Country Year Control areas 
Rice-growing 

areas 

Ratio of means 

(95% CI) 

Marrama et al. (2004) Madagascar 1994 68.00 4534.60 66.69 (31.46, 141.37) 

Koudou et al. (2010) Côte d’Ivoire 2002 16.10 49.30 3.06 (2.97, 3,15) 

Manoukis et al. (2006) Mali 2004 23.00 43.67 1.90 (0.86, 4.17) 

Muturi et al. (2008) Kenya 2004 0.91 8.06 8.86 (8.75, 8.97) 

Koudou et al. (2010) Côte d’Ivoire 2005 10.30 38.45 3.73 (2.91, 4.79) 

Pooled effect estimate (p<0.0001, I2=99.97%) 6.54 (1.99, 21.46) 
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Supplementary Figure 2. Meta-analysis of the association between rice cultivation and An. funestus human 

biting rate. Ratio of human biting rate means (in rice areas compared to non-rice areas) and their 95% confidence 

intervals (only in quantitative studies, n=1, presented as error bars) are plotted according to year of study. Whilst light-

coloured bars indicate semi-quantitative studies, solid-coloured bars indicate quantitative studies. Pooled effect 

estimates of quantitative studies are presented as dark-coloured bars at the bottom.
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Supplementary Table 6A. Risk of bias assessment for studies with human biting rate included in the quantitative analysis (cohort studies, n=4). 

Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

* 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 
group 

a) Validated 

measurement 

tool 

a) Yes 

a) Study controls for 

age 

a) Validated 

measurement 

tool 

a) Yes 

a) Complete 
follow-up – all 

subjects 

accounted for 

b) Somewhat representative 

of the average individual or 
household in the community 

b) Structured 

interview 

b) Study controls for 
socioeconomic status, 

bednet use or any 

additional factor 

b) Record 

linkage 

b) Subjects lost 
to follow-up 

unlikely to 

introduce bias 

 

c) Selected group of users 
e.g. nurses, volunteers 

b) Drawn from a 
different source 

c) Written self-
report 

b) No 

c) Study does not 

control for other 
factors 

c) Self report 

b) No 

c) Follow up 
rate greater 

than 80% and 

no description 
of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Marrama et al. 2004 b) * b) a) * b) c) a) * a) * b) * 5 

Koudou et al. 2010 b) * b) a) * b) c) a) * a) * b) * 5 

Manoukis et al. (2006) b) * b) a) * b) c) a) * a) * b) * 5 

Muturi et al. 2008 b) * b) a) * b) c) a) * a) * b) * 5 
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Supplementary Table 6B. Risk of bias assessment for studies with sporozoite rate included in the quantitative analysis (cohort studies, n=17). 

Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

* 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 
group 

a) Validated 

measurement 

tool 

a) Yes 

a) Study controls for 

age 

a) Validated 

measurement 

tool 

a) Yes 

a) Complete 
follow-up – all 

subjects 

accounted for 

b) Somewhat representative 

of the average individual or 
household in the community 

b) Structured 

interview 

b) Study controls for 
socioeconomic status, 

bednet use or any 

additional factor 

b) Record 

linkage 

b) Subjects lost 
to follow-up 

unlikely to 

introduce bias 

 

c) Selected group of users 
e.g. nurses, volunteers 

b) Drawn from a 
different source 

c) Written self-
report 

b) No 

c) Study does not 

control for other 
factors 

c) Self report 

b) No 

c) Follow up 
rate greater 

than 80% and 

no description 
of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Chandler et al. 1975 b) * b) a) * b) c) a) * a) * b) * 5 

Chandler et al. 1976 b) * b) a) * b) c) a) * a) * b) * 5 

Carnevale & Robert 1987 b) * b) a) * b) c) a) * a) * b) * 5 

Coosemans  1985 b) * b) a) * b) c) a) * a) * b) * 5 

Robert et al. 1985 b) * b) a) * b) c) a) * a) * b) * 5 

Mukiama & Mwangi 

1989 
b) * b) a) * b) c) a) * a) * b) * 5 

Githeko et al. 1993 b) * b) a) * b) c) a) * a) * b) * 5 

Githeko et al. 1996 b) * b) a) * b) c) a) * a) * b) * 5 

Faye et al. 1993a b) * b) a) * b) c) a) * a) * b) * 5 

Thomson et al. 1994 b) * b) a) * b) c) a) * a) * b) * 5 

Faye et al. 1995 b) * b) a) * b) c) a) * a) * b) * 5 

Githeko et al. 1994 b) * b) a) * b) c) a) * a) * b) * 5 

Ijumba et al. 2002a b) * b) a) * b) c) a) * a) * b) * 5 

Doannio et al. 2006 b) * b) a) * b) c) a) * a) * b) * 5 

Dolo et al. 2004 b) * b) a) * b) c) a) * a) * b) * 5 

Briet et al. 2003 b) * b) a) * b) c) a) * a) * b) * 5 
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Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

* 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 

group 

a) Validated 

measurement 

tool 

a) Yes 

a) Study controls for 
age 

a) Validated 

measurement 

tool 

a) Yes 

a) Complete 

follow-up – all 
subjects 

accounted for 

b) Somewhat representative 

of the average individual or 

household in the community 

b) Structured 
interview 

b) Study controls for 

socioeconomic status, 
bednet use or any 

additional factor 

b) Record 
linkage 

b) Subjects lost 

to follow-up 
unlikely to 

introduce bias 

 

c) Selected group of users 

e.g. nurses, volunteers 

b) Drawn from a 

different source 

c) Written self-

report 

b) No 

c) Study does not 

control for other 
factors 

c) Self report 

b) No 

c) Follow up 

rate greater 
than 80% and 

no description 

of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Betsi et al. 2003 b) * b) a) * b) c) a) * a) * b) * 5 

Betsi et al. 2012 b) * b) a) * b) c) a) * a) * b) * 5 

Baldet et al. 2003 b) * b) a) * b) c) a) * a) * b) * 5 

Dabire et al. 2007 b) * b) a) * b) c) a) * a) * b) * 5 

Mutero et al. 2004 b) * b) a) * b) c) a) * a) * b) * 5 

Amusan et al. 2005 b) * b) a) * b) c) a) * a) * b) * 5 

Okoye 2003 b) * b) a) * b) c) a) * a) * b) * 5 

Koudou et al. 2010 b) * b) a) * b) c) a) * a) * b) * 5 

Muturi et al. 2008 b) * b) a) * b) c) a) * a) * b) * 5 

Muturi et al. 2006 b) * b) a) * b) c) a) * a) * b) * 5 

Mboera et al. 2010 b) * b) a) * b) c) a) * a) * b) * 5 

Manoukis et al. 2006 b) * b) a) * b) c) a) * a) * b) * 5 

Atangana et al. 2012 b) * b) a) * b) c) a) * a) * b) * 5 

Ntonga et al. 2010 b) * b) a) * b) c) a) * a) * b) * 5 

Antonio-Nkondjio et al. 

2008 
b) * b) a) * b) c) a) * a) * b) * 5 

Diakite et al. 2015 b) * b) a) * b) c) a) * a) * b) * 5 

Hakizimana et al. 2018 b) * b) a) * b) c) a) * a) * b) * 5 
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Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

* 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 

group 

a) Validated 

measurement 

tool 

a) Yes 

a) Study controls for 
age 

a) Validated 

measurement 

tool 

a) Yes 

a) Complete 

follow-up – all 
subjects 

accounted for 

b) Somewhat representative 

of the average individual or 

household in the community 

b) Structured 
interview 

b) Study controls for 

socioeconomic status, 
bednet use or any 

additional factor 

b) Record 
linkage 

b) Subjects lost 

to follow-up 
unlikely to 

introduce bias 

 

c) Selected group of users 

e.g. nurses, volunteers 

b) Drawn from a 

different source 

c) Written self-

report 

b) No 

c) Study does not 

control for other 
factors 

c) Self report 

b) No 

c) Follow up 

rate greater 
than 80% and 

no description 

of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Mboera et al. 2015 b) * b) a) * b) c) a) * a) * b) * 5 
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Supplementary Table 6C. Risk of bias assessment for studies with entomological inoculation rate included in the quantitative analysis (cohort studies, n=2). 

Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

* 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 
group 

a) Validated 

measurement 

tool 

a) Yes 

a) Study controls for 

age 

a) Validated 

measurement 

tool 

a) Yes 

a) Complete 
follow-up – all 

subjects 

accounted for 

b) Somewhat representative 

of the average individual or 
household in the community 

b) Structured 

interview 

b) Study controls for 
socioeconomic status, 

bednet use or any 

additional factor 

b) Record 

linkage 

b) Subjects lost 
to follow-up 

unlikely to 

introduce bias 

 

c) Selected group of users 
e.g. nurses, volunteers 

b) Drawn from a 
different source 

b) Written self-
report 

b) No 

c) Study does not 

control for other 
factors 

b) Self report 

b) No 

c) Follow up 
rate greater 

than 80% and 

no description 
of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Koudou et al. 2010 b) * b) a) * b) c) a) * a) * b) * 5 

Muturi et al. 2008 b) * b) a) * b) c) a) * a) * b) * 5 
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Supplementary Table 6D. Risk of bias assessment for studies with parasite prevalence included in the quantitative analysis (cross-sectional studies, n=22). 

Study 

 Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 9) 

Representativeness of the 

sample 

Sample 

size 
Non-respondents 

Ascertainment of 

exposure (risk 

factor) 

Comparability of 

groups on basis of the 

design or analysis 

Ascertainment of 

outcome 
Statistical test 

**    
a) Validated 

measurement tool  
 

a) Validated 

measurement tool 
 

* 

a) Truly representative of the 

average individual or 

household in the community  

a) Justified 
and 

satisfactory 

(power 
calculation 

included)  

a) Comparability between 

respondents and non-
respondents characteristics is 

established, and the response 

rate is satisfactory  

b) Non-validated 

measurement tool, 
but the tool is 

available or 

described  

a) Study controls for 
age 

b) Non-validated 
measurement 

method, but the 

method is 
available or 

described 

a) The statistical test used to 

analyse the data is clearly 
described and appropriate, 

and the measurement of the 

association is presented, 
including confidence 

intervals and probability 

level  

b) Somewhat representative 

of the average individual or 

household in the community  

b) Study controls for 

socioeconomic status, 
bednet use or any 

additional factor 

 

c) Selected group of users 

e.g. nurses, volunteers 

b) Not 
justified 

b) The response rate is 

unsatisfactory, or the 
comparability between 

respondents and non-

respondents is unsatisfactory  
c) No description 

of the 

measurement tool 

c) Study does not 

control for other 

factors 

c) No description 

of the 

measurement tool 

b) The statistical test is not 

appropriate, not described or 

incomplete 

d) No description of the 

derivation of the sample 

c) No description of response 
rate or the characteristics or 

the responders and non-

responders 

Audibert et al. 1990 b) * b)  c)  b) * a) * a) ** a) * 6 

Carnevale & Robert 1987 b) * b)  c)  b) * c)  a) ** a) * 5 

Coosemans et al. 1984 b) * b)  c)  b) * a) * a) ** a) * 6 

Couprie et al. 1985 b) * b)  c) b) * c) a) ** a) * 5 

Josse et al. 1987 a) * b)  c)  b) * a) * a) ** a) * 6 

Boudin et al. 1992 b) * b)  c)  b) * a) * a) ** a) * 6 

Faye et al. 1993b b) * b)  c)  b) * a) * a) ** a) * 6 

Gbakima 1994 b) * b)  c)  b) * c)  a) ** a) * 5 

Thomson et al. 1994 b) * b)  c)  b) * c)  a) ** a) * 5 

Faye et al. 1995 b) * b)  c)  b) * a) * a) ** a) * 6 

Ijumba et al. 2002b b) * b)  c)  a) ** a) * a) ** a) * 7 

Sissoko et al. 2004 b) * b)  c)  b) * a) * a) ** a) * 6 

Henry et al. 2003 a) * a) * c)  a) ** a) * a) ** a) * 8 

Assi et al. 2013 a) * a) * c)  a) ** a) * a) ** a) * 8 

Mutero et al. 2004 a) * a) * c)  b) * a) * a) ** a) * 7 

Koudou et al. 2009 b) * b)  c)  a) ** a) * a) ** a) * 7 

Rumisha et al. 2019 b) * a) * a) * a) ** a) * a) ** a) * 9 

Mboera et al. 2011 c)  b)  c)  a) ** c)  a) ** a) * 5 
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Study 

 Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 9) 

Representativeness of the 

sample 

Sample 

size 
Non-respondents 

Ascertainment of 

exposure (risk 

factor) 

Comparability of 

groups on basis of the 

design or analysis 

Ascertainment of 

outcome 
Statistical test 

**    
a) Validated 

measurement tool  
 

a) Validated 

measurement tool 
 

* 

a) Truly representative of the 

average individual or 

household in the community  

a) Justified 

and 
satisfactory 

(power 

calculation 

included)  

a) Comparability between 

respondents and non-

respondents characteristics is 
established, and the response 

rate is satisfactory  

b) Non-validated 

measurement tool, 

but the tool is 
available or 

described  

a) Study controls for 
age 

b) Non-validated 

measurement 
method, but the 

method is 

available or 

described 

a) The statistical test used to 

analyse the data is clearly 

described and appropriate, 
and the measurement of the 

association is presented, 

including confidence 

intervals and probability 

level  

b) Somewhat representative 

of the average individual or 

household in the community  

b) Study controls for 

socioeconomic status, 

bednet use or any 

additional factor 

 

c) Selected group of users 

e.g. nurses, volunteers 

b) Not 
justified 

b) The response rate is 

unsatisfactory, or the 

comparability between 
respondents and non-

respondents is unsatisfactory  
c) No description 

of the 

measurement tool 

c) Study does not 

control for other 

factors 

c) No description 

of the 

measurement tool 

b) The statistical test is not 

appropriate, not described or 

incomplete 

d) No description of the 
derivation of the sample 

c) No description of response 

rate or the characteristics or 
the responders and non-

responders 

Toure et al. 2016 b) * a) * c)  a) ** a) and b) * a) ** a) * 8 

Mboera et al. 2015b c)  b)  c)  a) ** a) * a) ** a) * 6 

Hien et al. 2017 b) * a) * c)  a) ** a) * a) ** a) * 8 

Babamale et al. 2020 b) * b)  c)  b) * c)  a) ** a) * 5 
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Supplementary Table 6E. Risk of bias assessment for studies with clinical malaria included in the quantitative analysis (cohort studies, n=4). 

Study 

 
Selection Comparability Outcome 

Overall 

quality 

assessment 

(max = 8) 

Representativeness of the 

exposed group 

Selection of the 

non-exposed 

group 

Ascertainment 

of exposure 

(risk factor) 

Demonstration 

that outcome of 

interest was not 

present at start 

of study 

Comparability of 

groups on basis of 

the design or analysis 

Assessment 

of outcome 

Was follow-up 

long enough 

for outcomes to 

occur? 

Adequacy of 

follow up of 

cohorts 

 * 

a) Truly representative of the 

average individual or 

household in the community a) Drawn from the 

same community 

as the exposed 
group 

a) Validated 
measurement 

tool 

a) Yes 

a) Study controls for 

age 
a) Validated 
measurement 

tool 

a) Yes 

a) Complete 
follow-up – all 

subjects 

accounted for 

b) Somewhat representative 

of the average individual or 
household in the community 

b) Study controls for 
socioeconomic status, 

bednet use or any 

additional factor 

b) Subjects lost 
to follow-up 

unlikely to 

introduce bias 

 

 

c) Selected group of users 
e.g. nurses, volunteers 

b) Drawn from a 
different source 

b) Written self-
report 

b) No 

c) Study does not 

control for other 
factors 

b) Self report 

b) No 

c) Follow up 
rate greater 

than 80% and 

no description 
of those lost 

d) No description of the 

derivation of the sample 

c) No description 
of the derivation 

of the non-

exposed group 

d) No 

description 

d) No 

description 
d) No statement 

Ijumba et al. 2002b b) * b) a) * b) a) * a) * a) * d) 5 

Henry et al. 2003 a) * b) a) * b) a) * a) * a) * d) 5 

Assi et al. 2013 a) * b) a) * b) a) * a) * a) * b) * 6 

Toure et al. 2016 b) * b) a) * b) a) and b) * a) * a) * b) * 6 
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A) 

 

B) 
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C) 

 

D) 

 

Supplementary Figure 3. Funnel plots assessing publication bias in the meta-analysis of malaria indicators in 

areas of rice vs. non-rice cultivation. The funnel plots illustrate the estimates of effect sizes against study size, and 

are used to detect publication bias. In the absence of publication bias, the plot creates a roughly funnel-shaped 

distribution. An asymmetric funnel indicates the possibility of publication bias, small study effects or selective 

outcome reporting. Plots show studies reporting (A) An. gambiae s.l. human biting rate (test for funnel plot asymmetry: 

z = 0.51, p = 0.61), (B) An. gambiae s.l. sporozoite rates (z = -0.90, p = 0.37), (C) parasite prevalence pre-2003 (z = -

0.63, p = 0.53) and (D) parasite prevalence post-2003 (z = 3.19, p = 0.0014).  
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