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Insecticide susceptibility status of the malaria
vector Anopheles arabiensis in Khartoum city, Sudan:

differences between urban and periurban areas
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ABSTRACT Vector resistance to insecticides is becoming a major obstacle to malaria prevention measures. A
baseline survey was carried out in Khartoum city, Sudan, during September-November 2007, to map the insecticide
susceptibility status of Anopheles arabiensis and to examine the correlation with insecticide usage in urban agriculture.
Susceptibility tests were conducted in 6 sentinel sites representing urban and periurban strata of the city. Mortality rates
and knockdown times were calculated for 8 insecticides on a total of 9820 specimens. An. arabiensis was susceptible
to bendiocarb (98.1%), propoxur (100%), fenitrothion (100%), deltamethrin (99.8%) and lambda-cyhalothrin (99.2%).
Susceptibility rates were significantly different between urban and periurban sites for malathion (80.8% vs 56.0%),
DDT (99.0% vs 95.0%) and permethrin (98.5% vs 96.3%). The 50% knockdown times were significantly higher in
periurban than urban populations of An. arabiensis for deltamethrin, lambda-cyhalothrin and malathion.

Sensibilité du vecteur du paludisme Anopheles arabiensis aux insecticides dans la ville de Khartoum,
Soudan : différences entre les zones urbaines et périurbaines

RESUME La résistance du vecteur aux insecticides devient un obstacle majeur a l'efficacité des mesures de prévention
du paludisme. Au début de I'étude, une enquéte a été menée dans la ville de Khartoum (Soudan), de septembre a
novembre 2007, pour cartographier la sensibilité d'Anopheles arabiensis aux insecticides et examiner la corrélation de
cette sensibilité avec |'utilisation des insecticides dans 'agriculture urbaine. Les tests de sensibilité ont été conduits sur
six sites sentinelles représentant des strates urbaines et périurbaines de la ville. Les taux de mortalité et les effets de
choc ont été calculés a partir de I'étude de 9820 spécimens au total et de huitinsecticides. An. arabiensis était sensible
au bendiocarbe (98,1 %), au propoxur (100 %), au fénitrothion (100 %), a la deltaméthrine (99,8 %) et a la lambda-
cyhalothrine (99,2 %). Les taux de sensibilité étaient tres différents entre les sites urbains et les sites périurbains pour
le malathion (80,8 % contre 56,0 %), le DDT (99,0 % contre 95,0 %) etla perméthrine (98,5 % contre 96,3 %). Les effets
de choc de 50 % étaient nettement plus longs pour les populations d'An. arabiensis dans les zones périurbaines que
dans les zones urbaines pour la deltaméthrine, la lambda-cyhalothrine et le malathion.
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Introduction

Vector resistance to insecticides is
becoming a major obstacle to malaria
prevention measures especially in pe-
riurban ecosystems in the main cities
of Africa [1]. Khartoum, the capital of
Sudan, has grown from a population of
245000in 1955 to 5.27 million in 2008
[2].Both built-up and urban agricultural
areas have expanded in response to high
demand for accommodation and food.
However, the relative rate of expan-
sion varies between the city’s districts,
due to differences in landscape and the
livelihoods of the local community [3].
Concurrently, urban agriculture has
been pushed from the metropolitan
zone (urban areas) to the peripheral
zone (periurban areas).

Malaria constitutes a major public
health problem in Khartoum, leading
to about 300 000 cases and 500 deaths
each year on average [4]. Anopheles
arabiensis is the sole malaria vector spe-
cies in Khartoum [S]. The main vector
control intervention in Khartoum city is
larval control using Temephos™ ECS0,
with a focus of intervention activity in
the urban areas of the city. Environmen-
tal management through weekly drying
of irrigation canals (intermittent irriga-
tion) is practised in the periurban areas
of the city. Space spraying of insecticides
and insecticide residual spraying is oc-
casionally used when adult mosquito
densities increase or when a malaria
outbreak is expected. Coverage with
insecticide-treated bednets is still very
low in the city despite ongoing scale-up
in other parts of Sudan [6].

Effectiveness of malaria vector con-
trol requires sound management of the
use of insecticides to avoid or delay the
development of vector resistance [7].
Elucidating the susceptibility status of
local populations of An. arabiensis to
insecticides is therefore essential, par-
ticularly in urban settings that may be
influenced by small-scale landscape
and livelihood variations. In the present
study a baseline survey was carried out

in Khartoum city, during the period
September to November 2007, to elu-
cidate the susceptibility status of An.
arabiensis to 8 different insecticides. The
results were examined with respect to
potential pressure of insecticide usage
in urban agriculture.

Study area

Khartoum city lies within the savan-
nah region of Sudan, characterized by a
short rainy season (July to September),
a short winter season (December to
February) and a relatively longer sum-
mer season. Two types of study sites
were selected, urban and periurban,
based on the presence and magnitude
of urban agriculture compared with
the built-up area, and the usage of in-
secticides in the site. Accordingly, the
following 6 sites were selected in greater
Khartoum: Arkewiet and Soba West
(Khartoum); Abu’siid and Essalamania
West (Omdurman); Elmaygoma and
Eltmanyat (Bahry).

Qualitative data on urban
agriculture and insecticide
usage

Qualitative data on usage of insecticides
for urban agriculture were obtained
from site visits, interviews, the records
of the National Pesticides Council, the
Sudanese Agrochemical Association,
and sellers in the local market of pes-
ticides in Khartoum city. Of all the 17
agricultural pesticides registered for use
in the Sudanese market we tested the 8
insecticides recommended by WHO
for use in public health and malaria
control.

Mosquito collection and
rearing

Mosquito specimens were collected
from the field as larvae and pupae using
scoops, pipettes and collection nets [8].
These were reared in trays on rice pow-
der, and then transferred to adult cages
as pupae. Emerging females and males
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were fed on sucrose 10% solution until
they were ready for testing (1-3 days
old). In accordance with World Health
Organization (WHO) recommen-
dations [9], susceptibility tests were
conducted on F1 generations of larvae
collected from the monitored sites. The
tests were conducted in the entomol-
ogy facility in the malaria department of
Khartoum state.

Identification and molecular
work

Polymerase chain reaction (PCR) as-
says in sub-samples of tested specimens
(n=990), using taxonomic keys [10],
confirmed identification of Anopheles
arabiensis as the sole member of An. gam-
biae complex. PCR method was based
on specific DNA nucleotide differences
in the intergenic spacer of ribosomal
DNA (rDNA) [11]. The identification
of each An. gambiae complex specimen
to the level of molecular requires 2 PCR
reactions [ 12]. The DNA was extracted
from a single mosquito using a DNA
extraction kit (Qiagen) with 1 uL of
the DNA amplified in a 24 uL PCR
mix containing PCR buffer, 2.5 mM
MgCl,, 02 mM of each dNTP, 12.5 ng
primer UN S'-GTG TGC CCCII'C
CTC GAT GT-3, 625 ng primer AR
S"-AAG TGT CCT TCT CCATCC
TA-37, 25 ng primer QD S'-CAG
ACC AAG ATG GTIT AGT AT-3,
12.5 ng primer ME 5°-TGA CCA
ACC CAC TCC CTT GA-3" and 0.9
U DNA polymerase (AmpliTaq). The
PCR condition with an initial step of
10 min at 94°C, followed by 30 cycles
each consisting of 30 s denaturation at
94 °C, 30 s annealing at 50 °C and 30
s extension at 72 °C with the final cycle
products extended for 7 min at 72 °C.
Allidentified specimens belonged to An.
arabiensis (Figure 1).

Insecticide susceptibility tests

Insecticide susceptibility tests were
conducted following WHO standard
procedures [13] using impregnated pa-
pers provided by WHO in March 2007.
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Figure 1 Two PCR assays confirm identification of Anopheles arabiensis as the sole
member of An. gambiae complex in greater Khartoum. Lane 1: 100 kb molecular
markers; lanes 2, 3, 4: Shambat and Eltamanyat samples; lanes 5, 6, 7: Soba West;
lanes 8, 9: Almaygoma; lane 10: negative control; lanes 11, 12: Alhaj Yousif; lanes

13,14: Alshegalab; and lanes 15, 16: Arkewit

Insecticidal activities of the papers were
confirmed by testing a sample against a
reference colony of An. arabiensis (Don-
gola strain) previously identified as free
of resistance.

Adult females and males aged 1-3
days old were tested separately by as-
pirating 15-25 mosquitoes each into
exposure and control tubes. In each
sentinel site, similar sample sizes of
100 specimens of females and males
were conducted, where this was at-
tainable.

A standard exposure time of 1 hour
was used for all the tested insecticides
except for fenitrothion 1.0% for which
the exposure was 2 hours. During the
exposure time, the numbers of knocked
down mosquitoes were recorded after
10, 15,20, 30, 40, S0 and 60 min. At the
end of the exposure time, mosquitoes
were transferred into holding tubes,
provided with 10% sucrose solution
and allowed a 24 hrecovery period, after
which mortality was recorded.

Control groups were composed of
either adult females or males (where ap-
propriate). These were exposed to con-
trol papers (impregnated with silicone
oil, Risella oil or olive oil depending on
tested insecticide group) for 1 h or 2
h. Temperature and relative humidity
were measured during the test period
using a thermohygrometer.

Test conditions

The mean ambient temperature and hu-
midity recorded inside the laboratory at
the start of the test were 26.7 [standard
deviation (SD) 0.6] °C and 46.4% (SD
24%) respectively. Similarly, the mean
temperature and humidity inside the
testing room after 24 h of the test were
27.5(SD0.7)°Cand 45.7% (SD 2.2%),

respectively.

Data analysis

Mortality rates after insecticide expo-
sure were calculated as the number
of dead mosquitoes/total tested for
each test replicate, where no mortality
in the control replicate was found. In
the case of $%-20% mortality in the
control group, the mortality rate of the
test group was adjusted using Abbott’s
formula [14]. Mortality > 20% was not
observedin any of the control replicates.
The mean mortality rate was determined
across all cohorts of mosquitoes tested
for a particular insecticide in a specific
sentinel site. Mann—Whitney analyses
were used to verify whether there were
significant differences between females
and males, while Kruskal-Wallis tests
were used to determine if there were any
significant differences between sentinel
sites. WHO criteria were used to evalu-
ate the resistance/susceptibility status
of the tested mosquitoes: susceptible

(> 98% mortality), suspected resistance
(979%-809% mortality) and resistance (<
80% mortality).

The exposure times to achieve 50%
and 90% knockdown (KDTS0 and
KDT90) were estimated by the log-
time probit model using the LdP Line®
software. Calculations of knockdown
resistance ratio (KRR) were made
with reference to the sentinel site with
the shortest time. Student t-tests were
conducted to compare the results
from urban and periurban sentinel
sites.

Urban agriculture and
insecticide pressure in urban
and periurban sites

Table 1 presents a summary of the land-
scape of the study areas (geographical
coordinates, types of breeding sites,
population density and land use). The
census from the administrative locali-
ties shows that total cultivated area in
the urban sites represented 3.8% com-
pared with 63.5% of the total area in
the periurban sites. Transformation of
land usage into a built-up area was re-
ported at 2 urban sites: Soba West and
Abu’siid, where the agriculture area had
decreased along the Nile banks to less
than 10% of the total land area. Agricul-
ture in periurban sites comprised large
private and cooperative schemes. Field
crops (wheat and maize), vegetables
and fodders (clover, alfalfa and sorghum
bicolour) were the main cultivated
plants.

The total planted area and pesticides
usage at the study sites are summarized
in Table 2. It is clear from the subto-
tals of the insecticide concentrations
that on average about 90% of the total
quantities of agricultural insecticides
were used in periurban sites compared
with about 10% in the urban ones. The
2 organophosphates, mainly malathion,
represented about 93% of the sprayed
agricultural insecticide concentrations,
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Table 1 Landscape of the study areas of Khartoum city: geographical location, types of breeding sites for Anopheles arabiensis,

human population density and land use

Geographical
coordinates

Arkewit 15°53'N
32°56'E
Soba West 15°49’' N
32°67"E
Abu’siid 15°59' N
32°45' E
Elmaygoma 15°65' N
32°65'E
Esalamania West 15°36’ N
32°45' E
Eltamanyat 15°99'N
32°56' E

Main breeding sites?

(/km?)

Water tanks; indoor

Population
density®

Agricultural
area‘“

(GEY)

Built-up area
(GEY

sites; broken pipes >750 0 5000
Reservoirs; tanks
> 750 199 4000
Broken pipes; tanks
> 750 317 4000
Canals; pools
101-250 989 700
Canals; ditches; pools
101-250 1376 800
Canals; pools; ditches
51-100 1113 500

“Main types of breeding sites are listed according to their importance: reservoirs = reservoirs of brick-making factory; broken pipes = broken water pipelines; indoor sites
=inside houses and public and private institutions; tanks = watertanks in buildings under construction, canals = leaks from irrigation canals; ditches = water ditches on

riverbanks; pools = pools inside the planted area.

bPopulation density provided from the census of the Sudan Central Bureau of Statistics.
Crop composition in the study sites included: vegetables (mainly potatoes, onions, eqq plant, okra, tomatoes, leafy vegetables, cucumbers and spices), fruits (bananas,
citrus and mangoes) and crops (sorghum, alfalfa and maize).

while pyrethroids represented 7% of
the total quantities used at the study
sites.

Descriptive data

The total number of tested specimens
was 9820, of which 4842 were females.
Specimens were grouped into 396
exposure replicates, with 194 of these
consisting of female exposures. No
significant differences were observed
in the mortality of males and females
tested for particular insecticides, nor
within each sentinel site (P > 0.05).
The numbers of specimens tested for
each insecticide in the sentinel sites
are shown in Table 3. Control co-
horts included 3085 specimens (151
replicates).

Results of susceptibility tests

Inallareas of Khartoumcity combined,
An. arabiensis was susceptible to all the
tested insecticides with the exception
of suspected resistance to dichloro-
diphenyl-trichloroethane (DDT)
(total mortality rate 96.9%) and
permethrin (97.4%), and confirmed
resistance to malathion (69.1%) (Ta-
ble 3). Profiles of mortality rates of

tested females and males against these
3 insecticides in periurban and urban
sentinel sites are shown in Figure 2.

Both male and female An. arabien-
sis were susceptible to DDT in all the
urban sites (Table 3). However, some
tolerance was observed for specimens
from the 3 periurban sites of Eltaman-
yat (mean mortality rate for females
91.0%, 95% CI:91.29%—-90.8%, and for
males 93.0%, 95% CI: 93.2%-92.8%),
Elmaygoma (mean mortality rate for
females 96.0%, 95% CI: 96.19%—95.9%
and for males 96.0%, 95% CI: 96.1—
95.9%) and Essalmanya West (mean
mortality rate for females only 96.0%,
95% CI: 96.1%-95.9%). The toler-
ance of DDT correlated with usage
of pyrethroids in urban agriculture in
the study areas (Spearman rho = 0.88,
P< 0.05).

An. arabiensis was also tolerant to
permethrin in the 3 periurban sites
of Elmaygoma (mean mortality rate
for females 95.0%, 95% CI: 95.1%—
94.9% and for males 97.0%, 95% CI:
97.1%-96.9%), Eltamanyat (mean
mortality rate for females 96.8%,
95% CI: 98.9%—-94.6% and for males
95.0%, 95% CI: 95.1%-94.9%) and

Essalmanya West (mean mortality
rate for males only 95.0%, 95% CI:
96.8%-94.6%). The tolerance of per-
methrin was moderately correlated
with usage of pyrethroids in the study
areas (Spearmanrho=0.71,P=0.11).

Lower mortality rates for mala-
thion were observed in the periurban
sites (mean mortality rate 59.7%, 95%
Cl: 56.9%-62.5%) compared with
the urban sites (mean mortality rate
80.8%, 95% CI: 77.8%-83.9%), and
the resistance was strongly correlated
with agricultural usage of organo-
phosphates in the study areas (Spear-
manrtho=091, P <0.05).In addition,
females in the periurban areas were
significantly more resistant to mala-
thion (mean mortality rate 52.3%,
95% CI: 50.8%-53.8%) than were
males (mean mortality rate 67.0%,
95% Cl: 66.4%-67.6%) (t = 10.07; P
<0001).

The resistance differences be-
tween urban and periurban areas in
Khartoum were statistically signifi-
cant for malathion (t=8.57, df = 46, P
<0.001),DDT (t=4.17,df =31, P <
0.001) and permethrin (t =2.03, df =
39,P<005).
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Table 2 Estimated quantities of insecticides used in urban agriculture in the 6 study areas of Khartoum city as per spraying cycle

Insecticide EC (dosage rate)*"

Organophosphates Pyrethroids
Malathion  Chlorpyrifos Cybermethrin Deltamethrin Lambda- Alpha- Permethrin
57% (4.76 L/ha) 10% 25% cyhalothrin  cybermethrin 10%
(4.77 L/ha) (0.24 L/ha) (0.36 L/ha) 5% 10% (0.34 L/ha)
(0.36 L/ha) (0.34 L/ha)
Urban
Soba West 429 0 17 5 4
Arkewiet 0 0 0 0
Abu’siid 232 0 9 5 5 3 2
Subtotal 661 0 26 13 14 7 6
Periurban
Esalamania 1883 283 71 21 21 20 20
Elmaygoma 2621 393 98 30 30 28 28
Eltmanyat 1627 200 62 30 30 15 12
Subtotal 6131 875 231 82 82 63 60
Total 6792 875 257 95 96 70 66

“Types of pesticides and usage dosage rates were verified by retailers of the pesticides market in Khartoum city, and National Pesticides Council, Ministry of Agriculture;
*Dosage rates calculated as litres per planted hectare for each spraying cycle with respect to types of protected plants (Schumacher et al. [3]) (number of spraying cycles
varied between the summer/winter seasons).

EC=emulsifiable concentration.

Knockdown results with urban sites for deltamethrin (= 0.001) (Table 4). Similarly, the KRR of
KDS0 times were higher for speci- 2.71, df = 45, P < 0.001) and lambda-  malathion was around 1.6-fold higherin
mens from periurban sites compared ~ cyhalothrin (t = 3.96, df = 46, P < periurban sites compared with the most

Table 3 Mean mortality rates from 8 insecticides of Anopheles arabiensis from the different study areas of Khartoum city
Mean mortality rate (%)

Bendiocarb DDT Deltamethrin Fenitrothion Lambda- Malathion Permethrin Propoxur

1.0% 4% 0.05% 1.0% cyhalothrin  5.0% 0.75% 0.1%
0.05%
Urban
Abu’siid 98.5 99.0 100 100 99.0 76.0 100 100
(100:100)  (100:100)  (100:100) (100:100)  (100:100)  (100:100)  (100:100)  (100:100)
Arkweit 977 99.0 100 100 98.8 78.0 98.4 100
(100:200)  (100:100)  (100:100) (100:100)  (100:100)  (100:100)  (100:100)  (100:100)
Soba West 98.3 99.0 100 100 99.5 85.5 99.5 100
(100:165)  (100:112)  (100:100) (100:100)  (100:100)  (100:100)  (100:100)  (114:100)
Periurban
Elmaygoma 99.0 96.0 99.5 100 98.9 61.0 96 100
(100:100)  (100:100)  (105:100) (100:100)  (100:95)  (107:100)  (100:100)  (100:100)
Eltmanyat 98.5 92.0 99.5 100 99.5 59.5 95.9 100
(100:100)  (100:100)  (100:100) (100:86)  (100:100)  (100:100)  (100:100)  (100:100)
\E/fls’eif‘ma“ia 975 97,0 100 100 100 58.5 98.0 100
(100:100)  (100:100)  (100:100) (100:96)  (100:100)  (100:118)  (100:100)  (116:100)
Total 98.1 96.9 99.8 100 99.23 69.1 97.4 100
(1365) (1212) (1211) (1182) (1195) (1225) (1200) (1230)

Figures in parentheses (F:M) are numbers of female and male mosquitoes exposed: mortality rate per site was calculated as a mean of males and females. Mann-
Whitney and Kruskal-Wallis tests showed no significant difference between females and males (P > 0.05), and between sentinel sites (P > 0.05).
DDT = dichloro-diphenyl-trichloroethane.
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Figure 2 Mortality rates of Anopheles arabiensis from urban and periurban areas of Khartoum city after exposure to malathion
(5.0%), dichloro-diphenyl-trichloroethane (DDT) (4.0%), and permethrin (0.75%) in World Health Organization insecticide

susceptibility tests

susceptible urban site (t = 6.25, df = 44,
P<0.001) (Table S).

Discussion

Development of urban agriculture in

Khartoum city has coincided with in-
creasing use of insecticides in periurban
areas compared with urban ones, where
agriculture practices for the latter are
now halted or diminished. In this study
no chemical analyses for residues of
insecticides in the breeding containers
were done. However, it was apparent

there was an impact of agricultural pesti-
cides on susceptibility of Anopheles spp.,
as shown by differences in the insecti-
cide susceptibility of these populations
in agricultural periurban areas and non-
agricultural urban ones.

According to the WHO criteria for
insecticide susceptibility, evidence for
resistance to malathion in An. arabiensis
in Khartoum city was identified. In ad-
dition, suspected resistance to DDT
and permethrin was also reported for

An. arabiensis from periurban areas of
Khartoum. On the other hand, An.

arabiensis in urban areas was susceptible
to malathion, DDT and permethrin.
In addition, significant differences in
knockdown rates between periurban
and urban sites were observed for
malathion and other 2 pyrethroids. In
Nigeria and Ghana, Kristan et al. ob-
served slight differences in the urban/
periurban distributions of anopheline
fauna and pyrethroid molecular resist-
ance [15].

The results reported here for
malathion agree with both historical

and recent studies from neighbouring

Table 4 Differences in knockdown times of urban and periurban populations of Anopheles arabiensis after exposure to the 4

knockdown insecticides in World Health Organization insecticide susceptibility tests
KDT50 (95% ClI)

Insecticide/area

(min)

Deltamethrin 0.5%

Urban 15.1(14.7-15.6) 100.0 1

Periurban 18.2 (16.5-20.0) 83.0 1.20
Lambda-cyhalothrin 0.05%

Urban 20.6 (19.1-22.2) 100.0 1

Periurban 24.3(23.2-25.4) 84.8 118
Permethrin 0.75%

Urban 22.9(21.6-24.3) 93.8 1.07

Periurban 21.7 (19.7-23.8) 100.0 1
DDT 4%

Urban 35.4(33.4-37.5) 941 1.06

Periurban 33.4(31.4-35.4) 100.0 1

P-value

28.6 2.71 0.002
29.8

33.2 3.96 <0.001
37.9

375 1.24 0.22
41.7

56.0 1.45 0.154
60.1

KDT50 = exposure time for 50% knockdown; KDT90 = exposure time for 90% knockdown; Cl = confidence interval; index = the comparative potency index calculated
with reference to the lowest KDT50 for the type of insecticide; KRR = knockdown resistance ratio calculated with reference to the lowest KDT50 for the type of insecticide;

DDT = dichloro-diphenyl-trichloroethane.
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Gezira state [16,17]. However, there is
no evidence that malathion resistance
is geographically widespread. Based
on the reported use of malathion in
agriculture [17], resistance is likely to
be influenced by land use in periurban
parts of Khartoum where there is no
aerial spraying of malathion in vector
control. In contrast, Lines had argued
that in the irrigated scheme in Gezira,
malathion resistance was attributed to
house spraying rather than aerial crop
spraying [ 16].

The susceptibility pattern of An.
arabiensis to pyrethroids in Khartoum
is inconsistent with recent reports from
neighbouring Gezira and Sennar states
[17,18], where An. arabiensis was re-
ported to be resistant to deltamethrin.
It should be noted, however, that there
is evidence of use of large quantities of
pesticides in agriculture for a long time
now in both Gezira and Sennar states.
The use of pyrethroids in periurban ar-
eas of Khartoum for vegetable farming
may be a more recent phenomenon, as
confirmed by high knockdown times of
deltamethrin and lambda-cyhalothrin
from this study.

References

In this study, no molecular work
was conducted to detect either the
presence of knockdown resistance
mutations or markers of metabolic
resistance. Recent studies in Sudan
have reported the occurrence of the
2 knockdown resistance mutations
(Leu-Phe and Leu-Ser) in An. arabiensis
populations [17,19]. Further molecular
work is needed to explore the possibil-
ity of development of multi-resistance
patterns of vectors in the city as a result
of urban agriculture.
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Evolving threat of antimicrobial resistance (The)

Antimicrobial resistance (AMR) is not a recent phenomenon, but it is a critical health issue today. Over several decades,
to varying degrees, bacteria causing common infections have developed resistance to each new antibiotic, and AMR has
evolved to become a worldwide health threat. With a dearth of new antibiotics coming to market, the need for action to
avert a developing global crisis in health care is increasingly urgent.

The World Health Organization has long recognized AMR as a growing global health threat, and the World Health
Assembly, through several resolutions over two decades, has called upon Member States and the international
community to take measures to curtail the emergence and spread of AMR. The WHO Global strategy for the
containment of antimicrobial resistance, published in 2001, set out a comprehensive set of recommendations for
AMR control which remain valid today. The evolving threat of antimicrobial resistance examines the experiences with
implementing some of those recommendations ten years on, the lessons learnt along the way and the remaining gaps.

Further information about this and other WHO publications is available at: http://www.who.nt/publications/en/




