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Abstract 

Background:  Many national malaria programmes have set goals of eliminating malaria, but realistic timelines for 
achieving this goal remain unclear. In this investigation, historical data are collated on countries that successfully 
eliminated malaria to assess how long elimination has taken in the past, and thus to inform feasible timelines for 
achieving it in the future.

Methods:  Annual malaria case series were sought for 56 successful elimination programmes through a non-sys-
tematic review. Up to 40 years of annual case counts were compiled leading up to the first year in which zero locally 
acquired or indigenous cases were reported. To separate the period over which effective elimination efforts occurred 
from prior background trends, annual case totals were log transformed, and their slopes evaluated for a breakpoint 
in linear trend using the segmented package in R. The number of years from the breakpoint to the first year with zero 
cases and the decline rate over that period were then calculated. Wilcox-Mann-Whitney tests were used to evaluate 
whether a set of territory characteristics were associated with the timelines and decline rates.

Results:  Case series declining to the first year with zero cases were compiled for 45/56 of the candidate elimination 
programmes, and statistically significant breakpoints were identified for 42. The median timeline from the breakpoint 
to the first year with zero local cases was 12 years, over which cases declined at a median rate of 54% per year. Prior to 
the breakpoint, the median trend was slightly decreasing with median annual decline of < 3%. Timelines to elimina-
tion were fastest among territories that lacked land boundaries, had centroids in the Tropics, received low numbers of 
imported cases, and had elimination certified by the World Health Organization.

Conclusion:  The historical case series assembled here may help countries with aspirations of malaria elimination 
to set feasible milestones towards this goal. Setting goals for malaria elimination on short timescales may be most 
appropriate in isolated, low importation settings, such as islands, while other regions aiming to eliminate malaria must 
consider how to sustainably fund and maintain vital case management and vector control services until zero cases are 
reached.
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Background
  Many national malaria programmes have recently set 
time-bound goals to eliminate malaria [1], but it is cur-
rently unclear what timelines such accomplishments will 

truly require. Of 21 countries identified in 2016 as poten-
tial contenders for elimination by 2020 [2], only seven 
succeeded in interrupting transmission by the deadline, 
while the elimination goal for all others was shifted back 
another five years [3]. One investigation found that tar-
gets set by sub-Saharan African malaria programmes 
generally were more aligned with global goals than local 
contexts, and of 135 targets set, only four were achieved 
[4]. Setting ambitious goals is laudable, but there is a risk 

Open Access

Malaria Journal

*Correspondence:  jcohen@clintonhealthaccess.org

1 Clinton Health Access Initiative, Boston, USA
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-022-04368-3&domain=pdf


Page 2 of 10Cohen et al. Malaria Journal          (2022) 21:330 

that setting and then missing aspirational, infeasible goals 
will lead to cynicism and mistrust from the afflicted com-
munities and potentially jeopardize future funding from 
fatigued donors.

The final years of an elimination campaign may pre-
sent the greatest political and operational challenges of 
the entire endeavour [5, 6], so an evidence-based under-
standing of how long that effort will be is critical for real-
istic planning, budgeting, and expectation setting. During 
the Global Malaria Eradication Program of the 1950-
1960 s, elimination was codified as involving total cover-
age with indoor residual spraying for “about four years” 
[7] – though potentially upwards of seven [8] – followed 
by a “consolidation” phase of intensive surveillance and 
response until no indigenous cases had been observed for 
three years [8]. These timelines were supported by math-
ematical modelling suggesting that total coverage with 
effective attack measures could reduce the reproductive 
rate sufficiently for malaria prevalence to fall to < 20% of 
its original value within one year, and to < 3% within two 
[9]. Those models subsequently have been extended to 
include more complex dynamics, such as superinfection, 
which increase expected timelines to reach a prevalence 
of 1% by 2–3 years beyond those estimated by the Ross-
Macdonald model, and timelines from 1% to zero may be 
longer still [10].

Today, despite extensive guidance on how elimination 
should be pursued [11–13], empirical data are lacking on 
how long a successful elimination programme will take. 
In this investigation, historical data are collated on coun-
tries that successfully eliminated malaria to assess how 
long elimination has taken in the past, and thus to inform 
feasible timelines for achieving it in the future. By exam-
ining the time to elimination and the rate at which inci-
dence typically has declined over time, factors that may 
speed or slow it are also assessed.

Methods
Identifying countries that eliminated malaria
Countries that observe zero indigenous malaria cases 
for three consecutive years can request World Health 
Organization (WHO) certification of malaria elimina-
tion, which is awarded based on evidence that indige-
nous cases are no longer occurring, surveillance is strong 
enough to identify them if they were, and the country 
has sufficient means to sustain the achievement [14]. 
The WHO maintains a registry of countries that have 
been certified [15]. To date, 38 countries or regions have 
received this designation: 14 in the 1960 s (counting the 
republics of the former federation of Yugoslavia as a sin-
gle certification event), 11 in the 1970-80 s, none in the 
1990 s, and 13 since 2000.

In addition to the 38 certified countries, the WHO 
maintains a supplementary list intended to catalog coun-
tries or regions that were always free of malaria or where 
it “disappeared without specific measures”. This list cur-
rently includes 61 countries or regions [15]. Criteria for 
inclusion on the list are not clear as at least ten of the 
countries on the list have documented historical elimina-
tion efforts, including Albania [16], Bahrain [17], Chile 
[18], Greece [16], Japan [19], Jordan [20], Libya [21], Pal-
estine and Israel [22], Tunisia [23], and the former Union 
of Soviet Socialist Republics (USSR) [24] (Kyrgyzstan, 
Turkmenistan, and Uzbekistan were certified by the 
WHO following resurgence in the 1990 s, but their first 
successful elimination effort under the USSR’s mid-20th 
century programme was not). The list may thus better be 
said to enumerate places that no longer have malaria but 
where the certification process was not undertaken.

Additional countries that have reported achieving 
zero local malaria cases in at least one year but not yet 
achieved the criteria to request certification, including 
Belize, Cabo Verde, Iran, Malaysia, and Timor-Leste, are 
included in WHO’s E-2020 report [3]. Finally, Feachem 
et  al. independently reviewed 50 historically successful 
elimination programmes, including six territories not 
included on the WHO lists [25]: Puerto Rico, Corsica, 
South Korea, Egypt, Oman, and Syria. Combining terri-
tories from across these four lists results in 56 candidate 
elimination efforts.

Identifying malaria elimination case series
Annual malaria case series were sought for each of the 
56 successful elimination programmes through an exten-
sive non-systematic review of published and unpublished 
documents, including searches of PubMed (https://​pub-
med.​ncbi.​nlm.​nih.​gov/), Google Scholar (scholar.google.
com), Google Books (books.google.com), WHO’s Insti-
tutional Repository for Information Sharing (https://​
apps.​who.​int/​iris), online surveillance databases, and the 
authors’ existing collection of malaria-related books and 
reports. Several of these elimination programmes were 
implemented in regions that today have disputed juris-
dictional claims or countries that no longer exist; their 
inclusion is to understand the impact of the historical 
programmes implemented there and no statement on 
their current geopolitical context is intended.

When annual case totals were classified by origin, the 
number of locally acquired (i.e., autochthonous) cases 
was recorded separately from the number of imported 
cases. If not classified (as is typical until case incidence 
falls to very low levels), all reported cases were assumed 
to be locally acquired. Where locally acquired cases were 
further subclassified, indigenous and cryptic cases were 
tallied together, while introduced or induced cases were 
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not included in case totals since such cases may arise 
sporadically in response to importation [26] and are not 
considered to jeopardize elimination [11]. The collated 
case dataset is available at https://​doi.​org/​10.​5281/​zenod​
o0.​72504​82  [27] as an open source repository that can be 
updated as additional datapoints are identified.

The first year in which zero indigenous or locally 
acquired cases were recorded was taken as the termi-
nation point of the case series, regardless of whether 
sporadic or resurgent local transmission occurred sub-
sequently. While this definition of elimination is looser 
than that required for certification by the WHO (i.e., 
three years with no indigenous transmission), it permits 
us to examine a wider range of elimination experiences, 
including some where success was not maintained. Sec-
ondary re-elimination efforts (where a year with zero 
local cases was achieved, malaria subsequently resurged, 
and then elimination was again achieved), as in the case 
of Mauritius [28] or the former republics of the USSR, 
were not included. Case counts were used directly in 
analysis rather than converting to rates since in elimi-
nation settings case numbers are typically very small 
compared to overall populations, while highly focal-
ized transmission also makes national figures less useful. 
Where relevant, case series were truncated to 40 years 
prior to achievement of zero indigenous cases.

Analysis
The primary outcome of interest was the number of years 
required to achieve elimination following initiation of 
an effective programme intended to achieve that goal. 
To measure this timeline, the period under which elimi-
nation was effectively pursued was differentiated from 
prior trends that might have decreased case counts due 
to background factors like socioeconomic improvements, 
strengthened health systems, urbanization, or land-use 
changes, among others, or increased them as case man-
agement and surveillance systems were intensified. This 
differentiation was achieved by seeking a breakpoint in 
the case slope over time, with the assumption that the 
time from any statistically significant breakpoint to the 
first year with zero cases demarcated the relevant period 
during which effective elimination measures were in 
place.

Breakpoints were identified by first log transform-
ing the annual local case series to enable evaluation of 
the rate of change in case counts, rather than the abso-
lute changes [29]. A linear slope in cases plotted on the 
log scale represents a constant rate of decline. For this 
analysis, the first year with zero cases was replaced with a 
value of 1 since log 0 is undefined.

Each log transformed series was evaluated for a 
breakpoint in the linear trend using the segmented 

package in R [30]. The Davies test was used to assess 
whether any such breakpoint was significant at an alpha 
of 0.05. If so, the median year of the timeseries was 
used as a seed value to identify the most likely year at 
which to segment the time series.

The time to elimination was calculated as the num-
ber of years from the breakpoint, if any, to the first year 
in which zero indigenous cases were reported. In addi-
tion, linear regression lines were fit to the two segments 
separately. The slope from the breakpoint to the first 
zero year represents the average annual decline rate (r) 
at which elimination was achieved, which was calcu-
lated as r = exp(slope) − 1. Where no significant break-
point existed, a single linear regression line was fit to all 
available data and used to calculate the rate of decline, 
but no timeline was calculated since the first year of the 
elimination effort could not be identified. The timelines 
to zero and the associated annual decline rates were 
summarized across all territories.

Territory characteristics potentially influencing timelines 
and annual decline rates
The timeline to elimination and associated annual 
decline rate were hypothesized to vary depending on 
characteristics of the territory and its programme. To 
evaluate these differences, a set of factors were col-
lated for each territory. These included, first, pro-
cedural factors including whether the elimination 
achievement was certified by the WHO, and whether 
the programme occurred during the Global Malaria 
Eradication Programme (defined as pre-1980) or the 
modern era. Second, geographic factors were evaluated 
including whether the territory is an island or located 
in the tropics (i.e., centroid located outside 23.436 N 
or S). Third, sociodemographic factors were assessed, 
including whether the gross domestic product (GDP) 
per capita (obtained from [31], using 1950 values for 
Cyprus, Palestine, and Puerto Rico) in the breakpoint 
year – or a decade prior to the zero year for territories 
with no significant breakpoint – or urban fraction of 
the population (obtained from [32]) was above or below 
the median. Fourth, factors related to malaria risk were 
considered including whether baseline case counts 
were above or below the median and whether the coun-
try experienced more than the median importation, 
measured as the median number of cases reported per 
year in the five years before and after the zero local case 
year. The timelines and rates of decline were compared 
between geographies according to these dichotomized 
factors of interest using Wilcox-Mann-Whitney tests.
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Results
Annual malaria case series leading up to the first zero 
local case year were compiled for 44/56 of the candi-
date elimination programmes (Fig.  1). Although many 
case series were missing occasional years, the overall 
trends for these 44 territories appeared sufficient to 
reconstruct the trajectory towards zero. Sufficient clas-
sified annual data were not identified to reconstruct the 
pathway to zero for Australia, Brunei, Chile, Corsica, 
Jordan, Libya, Reunion, Singapore, South Korea, United 
Arab Emirates, and Northern Venezuela (the only sub-
national region that has received WHO certification).

For the USSR, many decades of incidence data were 
identified, but no year with zero cases was found during 
the primary elimination programme of the 1940-1960 s. 
However, case series ending with a zero-case year were 

identified for the former republics of Armenia, Azer-
baijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Mol-
dova, Turkmenistan, Ukraine, and Uzbekistan (Fig.  2). 
Although Tajikistan reduced local incidence to fewer 
than ten cases from 1966 to 1968 [33] and later reached 
zero cases in 2005 [34], a year with zero local cases in 
the 1960 s was not identified and so it was not included 
in this analysis. In lieu of a national case series, the 
breakpoint and associated regression lines were fit to 
the combined case data from these ten former repub-
lics to produce a single average trajectory (the indi-
vidual case series were not used separately since they 
shared a common programme conducted across the 
entire USSR).

Annual importation data could not be found for Tuni-
sia, but it was estimated at 15 cases per year based on an 
abstract noting that 245 cases were identified over the 

Fig. 1    Time series to the first year with zero local or indigenous cases by territory, ordered by elimination timeline length. Linear regression fits are 
depicted with gray vertical lines marking the significant breakpoint, if any. The x-axis for all panels is years prior to zero cases and the y-axis is the log 
of the case count. Text in each panel describes the time from the breakpoint to zero and the average annual decline rate over that period
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16 years following elimination [35]. Specific importa-
tion figures were also not identified for Cabo Verde, but 
median annual importation from 1963 to 1973 was esti-
mated at 30 cases per year from [36].

Statistically significant breakpoints were identified for 
42/45 time series (Figs.  1 and 2), with only Dominica, 
Egypt, and Mauritius failing to demonstrate one. The 
median timeline from the breakpoint to the zero year was 
12 years (interquartile range of 8–16 years), over which 
cases declined at a median rate of 53.7% per year (IQR 
40.5-60.9%) (Fig. 3). Five years prior to elimination, ter-
ritories reported a median of 164 cases (IQR 31–449), 
representing < 1% of their pre-breakpoint average annual 
total, with a maximum of 4,489 in Cyprus (Fig.  4). Ten 
years prior to elimination, the median case count was 
2,256 (IQR 259-6,657), or around 14% of the pre-break-
point annual average. Prior to the breakpoint, the median 
trend was slightly decreasing with median annual decline 
of r = 2.2% (IQR = decline of 8.9% to increase of 5.3%).

Timelines to elimination differed by a few factors 
(Table 1). The median time to zero was shorter and the 

annual decline rate significantly faster among territories 
where elimination was certified by the WHO (median 
time to zero = 8.0 years, median r = 56.3%) than those 
where zero cases were achieved without certification 
(12 years, r = 45.2%). Island territories (those with no land 
border with other countries) had significantly shorter 
(8.0 years) and more rapid (r = 60.8%) declines than non-
island territories (14.0 years, r = 52.0%), and territories 
with centroids in the Tropics tended to achieve elimina-
tion more rapidly (8.5 years, r = 55.4%) than non-tropical 
territories (12.0 years, r = 52.1%), though the difference 
was not statistically significant. The nine tropical island 
territories had a median timeline of 7.0 years to elimina-
tion compared to 12 years for other territories (W = 249, 
p = 0.002). Territories that began with more cases took 
longer to eliminate (12.0 years) than those beginning with 
fewer (8.0 years). Finally, territories with fewer than the 
median number of annual imported cases (13 per year) 
experienced faster declines (r = 57.4%) than those with 
more importation (50.4%), though timelines were no 
different.

Fig. 2    Time series to the first year with zero local or indigenous cases for the former republics of the USSR, individually and combined. Linear 
regression fits are depicted with gray vertical lines marking the significant breakpoint, if any. The x-axis for all panels is years prior to zero cases and 
the y-axis is the log of the case count. Text in each panel describes the time from the breakpoint to zero and the average annual decline rate over 
that period



Page 6 of 10Cohen et al. Malaria Journal          (2022) 21:330 

Discussion
This review has assembled the most comprehensive set of 
successful malaria elimination case series to date to eval-
uate the trajectory with which this goal has been achieved 
previously. These historical experiences may help coun-
tries with aspirations of malaria elimination today to set 
feasible milestones towards this ultimate goal. Under-
standing realistic timelines to eliminate is critical for set-
ting plans, since overly optimistic timelines may lead to 
insufficient funding and long-term planning or commu-
nity and donor skepticism when targets are missed.

Available data suggest that many countries that have 
successfully reduced malaria to zero for at least one year 
have followed similar trajectories. The median pathway 
to zero involved a 53.7% annual decline in cases over 
12 years. This fall to zero was differentiated in almost 
all case series from a prior phase in which cases tended 
to trend very slightly downward (with a median annual 
decline of 2.2%) over many years. This long gradual 
decline is consistent with the incremental reductions 
in malaria that might be expected in response to slowly 
evolving health systems, socioeconomic conditions, 
urbanization, and environmental change. Tropical island 
territories such as Trinidad and Tobago, Cabo Verde, and 
Maldives had the shortest timelines to zero cases.

In 42/45 case series identified, a statistically signifi-
cant breakpoint was found between these two phases. 
This review did not seek to identify why each of these 
breakpoints occurred, or whether specific program-
matic changes were required to achieve it, but in many 
cases it may equate to a programmatic reorientation 
towards more aggressive elimination-focused efforts 
[13], such as introduction of indoor residual spray 
campaigns and expansion of case detection and treat-
ment activities. In the United States, for example, mul-
tifactorial changes in socioeconomics, health systems, 
and environmental modification resulted in decades 
of sustained declines in malaria incidence [37], from 
184,163 cases in 1920 to 61,411 in 1945 [38], an aver-
age annual decline of 4.1%. In 1945, a large scale DDT 
indoor spraying programme was initiated, followed 
by additional intensive case confirmation and surveil-
lance activities in 1947 [39], which corresponded to the 
start of a significantly more rapid 53% annual decline 
in cases from 1946 to 1961. Though beginning these 
aggressive elimination measures after malaria inci-
dence had already fallen so substantially was belittled 
as “kicking a dying dog” [40], this substantial accelera-
tion in the case decline rate suggests that the intensified 
effort played an important role in speeding elimination. 

Fig. 3    Histograms of (left) time from the fit breakpoint to the first year with zero local cases and (right) the annual decline rate in cases over that 
period. Red lines represent the medians. Three territories without a significant breakpoint are excluded from the left panel
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If declines had continued at the 1920–1945 rate, over 
2,000 cases a year might still be occurring today.

In another example, a breakpoint in the Timor-Leste 
case series was identified in 2010. Prior to this break, 
malaria had declined modestly over the prior decade at 
a rate of 5.9% per year. From 2010, it fell to zero over 

ten years at a rate of 72.9%. This change in decline 
rates aligns with a large expansion in the programme, 
with substantial hiring occurring following increased 
investment through initiation of the Global Fund’s 2009 
round 7 grant, as well as the first implementation of 
indoor residual spraying in three districts as a supple-
ment to bed nets [41]. Similarly, in Cyprus, the break-
point found in 1947 follows the organization of the 
“Anopheles (Malaria) Eradication Campaign” initiated 
in 1946 [42], and in Oman, the 1992 breakpoint follows 
the 1991 pilot launch of a National Malaria Eradication 
Programme which conducted larviciding and early case 
detection and treatment [43].

The case studies examined here represent only those 
territories that successfully achieved the endpoint of 
zero annual local cases. Many other countries have 
sought but to date failed to achieve this aim: they thus 
represent longer, uncompleted trajectories. Because 
this review considers only successful elimination case 
series, the results manifest a survivorship bias. They 
should, therefore, not be interpreted as average results 
for all countries, but they illustrate best case scenarios 
of what has been achievable to date. Conversely, future 
elimination trajectories should not be limited by malar-
ia’s history. Improvements in surveillance and technol-
ogy, budget increases, and more effective tools could 
all enable elimination progress to occur more rapidly. 
More targeted approaches that effectively engage com-
munities in focal high transmission areas (typically 
remote regions with poor access to quality healthcare) 
could also accelerate timelines. Setting more ambitious 
timelines than what has been observed here thus is not 
necessarily inappropriate. Nevertheless, historical prec-
edent offers a sense of what has been possible to date.

Fig. 4    Box-and-whisker plot summarizing the distribution over 
time of annual local or indigenous case counts across all countries for 
which time series were identified. The box represents the interquartile 
range with line showing median, while whiskers indicate maximum 
and minimum values within 1.5× of the interquartile range and dots 
outliers beyond this range. Box width is proportionate to the sample 
size for that year. The red line shows a linear fit segmented at the 
statistically significant breakpoint calculated for the combined series

Table 1  Median values of years from breakpoint to zero cases and associated annual decline rate according to a set of binary territory 
characteristics, with Wilcoxon-Mann-Whitney test statistics

  Type of characteristic   Territory characteristic Years from breakpoint to zero 
cases

Annual decline rate

  Yes   (n)   No   (n)   W,   p–value   Yes   (n)   No   (n)   W,   p–value 

Procedural WHO certified 8.0 (25) 12.0 (17) 311, p = 0.012 56.3% (27) 45.2% (18) 359, p = 0.007

Elimination year before 1980 11.0 (24) 12.0 (18) 260, p = 0.268 54.6% (26) 50.4% (19) 324, p = 0.079

Geographic No land border (island) 8.0 (13) 14.0 (29) 79.5, p = 0.003 60.8% (15) 52.0% (30) 148, p = 0.065

Centroid in the tropics 8.5 (14) 12.0 (28) 251.5, p = 0.141 55.4% (16) 52.1% (29) 282, p = 0.244

Socio–demographic Above median GDP per capita for breakpoint 
year

12.0 (18) 12.0 (20) 190, p = 0.781 51.1% (20) 55.6% (21) 279, p = 0.074

% of population in urban areas above 
median in breakpoint year

12 (21) 10 (21) 283, p = 0.118 50.4% (21) 53.7% (24) 320, p = 0.126

Malaria risk Average annual pre–breakpoint case count 
above median

12.0 (21) 8.0 (21) 301.5, p = 0.042 54.5% (22) 43.7% (23) 243, p = 0.831

Imported cases above the median 11.5 (22) 12.0 (20) 240, p = 0.623 50.4% (23) 57.4% (22) 354, p = 0.021
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Anticipating that elimination may require maintain-
ing efforts over at least a decade of low incidence will 
mean adopting methods for sustaining elimination pro-
grammes even as malaria is no longer a large burden 
on public health [44]. Doing so efficiently and sustain-
ably will likely require the malaria community to work 
towards incorporation of malaria services into stronger 
health systems, rather than working through independ-
ent channels that will be hard to maintain as malaria 
becomes less of a visible threat. For example, integra-
tion of vertical, malaria-focused programmes like vil-
lage malaria workers into broader primary healthcare 
strategies [45] and malaria-specific surveillance sys-
tems into comprehensive disease information systems 
may help improve sustainability and thus the probabil-
ity of success. Given the potential for long timelines 
to elimination, malaria programmes may also need to 
consider intermediate milestones that they can achieve 
and celebrate en route to the ultimate goal of elimina-
tion; Cambodia, for example, has successfully reduced 
malaria mortality to zero since 2018, aims to eliminate 
Plasmodium falciparum by 2023, and has an ultimate 
goal of eliminating all human malaria by 2025 [46].

The historical case data used here are necessarily 
incomplete and subject to numerous problems. Over 
the course of an elimination programme, observed case 
numbers will change due to reasons other than true 
changes in transmission. The typical arc of an elimina-
tion programme may involve phases with decreased 
malaria-attributable incidence as acceptance of clinical 
diagnosis or suspected malaria shifts to a requirement for 
confirmation of all cases, increases as quality case man-
agement services are extended to those who need it, and 
finally an exponential fall in cases as effective prevention 
tools are targeted to high transmission areas [11]. Case 
counts may also manifest background trends over time 
due to factors that influence transmission, including 
socioeconomic improvements, urbanization, changes to 
the built environment, and environmental changes [47]. 
Case numbers may also fall if cases begin to be classified 
by origin in a place where a substantial fraction are actu-
ally due to importation or introduction. The trajectories 
collated here are thus not necessarily representative of 
true changes in malaria so much as how malaria is tallied 
over time, and these case series must be interpreted as 
the product of all of those evolutions. Nevertheless, the 
median declines from the breakpoints to zero cases align 
reasonably well with modelled elimination timelines [10].

This analysis was limited to fitting a single breakpoint 
to each case series. Visual inspection of the resulting 
linear fits in Fig.  1 suggests this approach adequately 
describes many, but not all of the case series collated 
here. In many territories, case series manifest a variety 

of increases and decreases over time which could be cap-
tured by fitting more breakpoints or through more com-
plex modelling approaches. The parsimonious approach 
of limiting analysis to a single breakpoint enables us to 
summarize generalized pathways to elimination across 
all countries, but this simplification is inadequate to fully 
understand the variety of reasons why countries may 
have seen incidence change over time.

High rates of importation may continually replenish 
the infectious reservoir and maintain endemic trans-
mission [48, 49]. Territories that successfully elimi-
nated malaria were found here to have reported only 
a median of 13 imported cases (IQR 2–31) annually at 
the time elimination was achieved. Only six territories 
(Turkey, Bahrain, Malaysia, Oman, Iran, and China) 
were reported to have more than a median of 100 
imported cases per year, and only China had over 1,000 
(n = 3,022). These results suggest importation could 
be a particular challenge for countries in sub-Saharan 
Africa seeking to eliminate, since imported cases rates 
there are typically far higher than observed in these 
successful historical examples: Namibia, for example, 
reported almost 12,000 imported cases in 2017, and 
South Africa reported almost 9,000 in 2019 [34]. Devis-
ing elimination plans over interconnected zones linked 
by mobility rather than national boundaries may be 
essential for elimination to be feasible in such a setting 
[50].

Conclusion
Results of this review suggest that malaria elimination 
has been achieved over widely varying trajectories, with 
a median timeline of 12 years. Setting goals for malaria 
elimination on shorter timescales may be most appropri-
ate in isolated, low importation settings such as islands, 
while other regions aiming to eliminate malaria need to 
consider how best to maintain vital case management 
and vector control services over substantially longer 
timescales. Given the potential for elimination to require 
many years of sustained effort, elimination planning 
should strategically integrate anti-malaria efforts within 
the larger health ecosystem to ensure ongoing suppres-
sion of transmission until zero cases are reached. An evi-
dence-based understanding of timelines to elimination in 
specific contexts can allow creation of realistic financial 
and operational plans, which will be vital to ensure suf-
ficient funding, political will, and community support to 
secure additional momentous successes against malaria 
in the future.
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