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Abstract. The number of Asian migrants working in sub-Saharan developing countries like Angola has been in-
creasing. Their malaria risk, prevention, and care-seeking practices have not been characterized. A cross-sectional
survey was conducted in 733 Chinese and Southeast Asian migrants in Angola. Respondents were interviewed and
provided blood samples. Samples were analyzed to detect Plasmodium antigen and characterize host anti-Plasmodium
response. Positive samples were genotyped using the pfs47 marker. Most respondents (72%; 95% Cl: 68-75) reported
using bed nets, but less than 1% reported using chemoprophylaxis. Depending on the assay, 1-4% of respondents had
evidence of active malaria infection. By contrast, 55% (95% CI: 52-59) were seropositive for Plasmodium antibodies.
Most infections were Plasmodium falciparum, but infection and/or exposure to Plasmodium vivax and Plasmodium
malariae was also detected. Seroprevalence by time in Angola showed most exposure occurred locally. One respondent
had sufficiently high parasitemia for pfs47 genotyping, which showed that the infection was likely locally acquired despite
recent travel to home country. Asian migrants to Angola are at substantial risk of malaria. Employers should consider
enhanced malaria prevention programs, including chemoprophylaxis; embassies should encourage prevention prac-

tices. Angolan healthcare workers should be aware of high malaria exposure in Asian migrants.

INTRODUCTION

With 3-4% annual growth forecasted for 2020 and 2021,
Africa continues to experience a period of economic expan-
sion." Foreign direct investments increased on the continent
by 11% in 2018 during a period when investments were de-
creasing globally. These investments encompass a wide va-
riety of sectors, such as agriculture, construction, and mining,
which often rely on work provided by international migrants.?

International migrants are persons outside the state of
which they are citizens, including those who intend to move
permanently or temporarily.® Rates of international immigra-
tion continue to increase yearly, accounting for 3.5% of the
world’s population (approximately 272 million people) in
2019.4 Although some international migration is driven by
duress—war, natural disaster, and persecution—the vast ma-
jority is related to family, education, or economic opportunity.

In Africa and elsewhere, international migrant workers may
encounter numerous infectious risks, including agents for
which they are immunologically naive. Migrant workers may
not be aware of local diseases or have access to appropriate
health care or prevention methods in their new setting. Work
environment—whether a mosquito-infested construction site,
cramped factory, or urban market—may introduce additional
transmission risk. Furthermore, migrant workers may not pos-
sess the immunologic status, protective strategies, or finan-
cial means to mitigate those threats. In addition to danger to
themselves from endemic diseases, migrant workers may also
introduce new infectious diseases to their new community—or
take back new diseases to their country of origin.

History demonstrates this is more than a theoretical con-
cern. A Chinese study from 2014 to 2016 showed that migrant
workers returning from abroad were diagnosed with higher
rates of tuberculosis, hepatitis A, hepatitis C, HIV, syphilis, and
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yellow fever than other returning travelers.® Emerging vector-
borne diseases such as Zika virus and Rift Valley fever virus
have been introduced to non-endemic regions by migrant
workers.®” The role of migrant workers in the spread of
multidrug-resistant tuberculosis is also well established.®°

Intracontinental spread of chloroquine-resistant Plasmodium falci-
parum malaria in the mid-twentieth century has been linked to foreign
laborers in westem Cambodian gem mines, where permissive
mosquito-breeding conditions combined with highly mobile and naive
populations amplified the epidemic throughout Asia."® Resistance to
chloroquine, and also sulfadoxine—pyrimethamine, later spread
to sub-Saharan Africa, resulting in considerable malaria
morbidity and mortality.'12

Today, migrant worker introduction of malaria to non-
endemic areas and antimalarial resistance to areas without
resistance remain a persistent risk. Although endemic malaria
reached historic lows in China over the last decade, a large
proportion of malaria morbidity and mortality in the country is
now attributable to migrant workers returning to China from
Africa.’®'* Mutations associated with antimalarial resistance
have been noted in this population.’®'® In Venezuela, a
shattered economy and skyrocketing malaria rates combined
with workers leaving to find work abroad threaten malaria
control gains in the region."” Sri Lanka, a country which was
certified by the WHO as malaria free in 2016, reported a case of
Plasmodium vivax infection in an Indian migrant worker and
subsequently in a local resident in 2018."8 In Nigeria, a cluster
of malaria cases in Thai migrant mine workers revealed that
none had received proper malaria prophylaxis or prevention
strategies,'® an issue also noted in other studies.?%

Sub-Saharan Africa is the destination for approximately
23.6 million international migrants, with South Africa, Ivory
Coast, and Uganda being the top three country destinations.*
In 2019, Angola was estimated to have 669 thousand in-
ternational migrants, twice as many compared with 2010 and
more than 10 times the total in 2005.22 Despite the increasing
numbers of migrants, many of whom come to Angola from
Asia to work, including in large resource extraction and
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infrastructure projects, scant malaria prevention and care-
seeking data exist for this population. In practical terms, the
Angolan National Malaria Control Program (NMCP) possesses
limited information for a substantial, concentrated, non-
immune subgroup of the population that is at high risk for
importing and spreading resistant malaria parasites. This
study was undertaken to better understand the risk factors,
prevalence, and types of malaria in this unique population,
with the aim to enable the Angolan NMCP—as well as other
African NMCPs with comparable workforces—to optimize
malaria control strategies for international migrant workers.

METHODS

A cross-sectional survey of Asian migrants in Angola was
conducted to characterize malaria prevention practices,
malaria knowledge and care-seeking behavior, prevalence of
malaria infection, and past history of malaria exposure.

Study population. The target population comprised adult
(aged > 18 years) Asian migrants living in Angola at the time of
the survey. Sampling was stratified into Chinese and South-
east Asians. Data collection took place consecutively in three
purposefully selected provinces in Angola during the dry
season: Luanda (May-June 2019), Lunda Sul (June 2019), and
Zaire (July-September 2019). Luanda Province is largely ur-
ban and comprises the areas in and around the eponymous
capital city, with generally low malaria transmission. Lunda Sul
is a high-transmission province in the east of the country
bordering the Democratic Republic of Congo (DRC) and
Zambia, and a site of multiple large infrastructure and mineral
extraction projects. Zaire is a high-transmission province in
the north of the country also bordering the DRC and is the site
of a large petroleum extraction industry.

Participants were conveniently sampled using a variety of
channels: companies including mining and petroleum sites
known to hire Asian workers were requested to provide contacts
for workers; the Angolan Ministry of Foreign Affairs and the
Chinese, Vietnamese, and Filipino embassies in Angola pro-
vided additional contacts; social media were used to post re-
cruitment messages; and respondents also nominated contacts
for potential inclusion in the survey. The target was to identify
150 Chinese and 150 Southeast Asians in each province, for a
total target sample size of 300 individuals per province. This was
powered to yield a precision of at most +8 percentage-points
per site for outcomes on malaria exposure and prevention.

Data collection. Trained interviewers administered standard-
ized questionnaires using survey forms programmed onto Open
Data Kit (ODK)-based tablet software (KoBoToolbox, Harvard
Humanitarian Initiative, Cambridge, MA). Interpreters were used for
interviews with respondents preferring a language other than
Portuguese. Surveyors collected data on demographic charac-
teristics, history of travel, malaria knowledge, malaria prevention
practices, care-seeking behaviors for febrile illness, and past his-
tory of malaria infection. Following administration of the ques-
tionnaire, interviewers performed a CareStart combination
P. falciparum/P. vivax rapid diagnostic test (RDT) (Access Bio,
Somerset, NJ) for all consenting participants. Subsequently, in-
terviewers collected up to five drops of blood on Whatman 903
filtter paper (GE Healthcare, Chicago, IL), which were dried over-
night and subsequently packaged in individual Ziploc bags with
desiccant. Any survey respondents testing positive by RDT were
treated in accordance with Angolan national treatment guidelines.

Laboratory analysis. Dried blood spots were stored at room
temperature and shipped to CDC laboratories in Atlanta, GA. A6-
mm dried blood spot punch was eluted in buffer as described
previously,?® stored at 4°C, and later consecutively assayed for
the presence of malaria antigens and IgG antibodies to 24
malaria antigens using a bead-based multiplex immunoassay.2*
Presence and concentration of P. falciparum-specific HRP2,
pan-Plasmodium aldolase (pAldo), pan-Plasmodium lactate
dehydrogenase (LDH), and P. vivax-specific LDH were assayed
using previously described protocols.?>2° Next, using the same
eluate, antibody response to a panel of malaria antigens was
measured.?® The panel included 21 P. falciparum antigens, two
P. vivax antigens, and one Plasmodium malariae antigen
(Supplemental Table S1). Samples with antigen (positive RDT
result or any Plasmodium antigen detected in the laboratory) or
antibody response (median fluorescence intensity - background
[MFI-bg] > 5,000 for any antigen and seropositivity to > 5 antigens)
indicative of active Plasmodium infection were then screened with
genus- and species-specific photo-induced electron transfer
(PET)-PCR.2 Samples with sufficient Plasmodium DNA were then
sequenced using a previously described next-generation se-
quencing targeted amplicon sequencing workflow for a panel of
resistance markers,?” modified to also include pfs47, a marker of
P. falciparum geographic population structure.?® To provide a
background of the pfs47 gene in Angolan samples, 59 samples
from the 2019 Angola therapeutic efficacy study in Zaire, Lunda
Sul, and Benguela provinces were sequenced.

Data analysis. Demographic characteristics, reported
knowledge and use of malaria prevention practices, and
healthcare-seeking practices were recorded and tabulated,
stratifying by province for the primary analysis. Further sub-
stratifications by country of origin were also calculated and are
presented in the Supplemental Tables.

Curves representing the association between seropositivity
and Plasmodium antigens by total time spent in Angola were
plotted. Overall seropositivity to the antigens included in the an-
tibody assay was calculated individually for all antigens, and the
absolute response, in mean fluorescence intensity-background
units, was plotted for positive samples. Breadth of response for
P. falciparum, defined as the total number of P. falciparum anti-
gens for which an antibody was detected, was calculated foreach
sample, and its empiric distribution was characterized stratifying
by province. The origin of parasites from P. falciparum DNA +
samples was inferred from phylogenetic analysis using publicly
available pfs47 sequences from Asia, Latin America, Africa, and
the background 2019 Angolan samples newly sequenced for this
study. A minimum spanning haplotype network®® was built to
show the relatedness between the pfs47 sequences.

A logistic regression model was used to assess the associ-
ation between respondent characteristics and RDT, antigen,
and antibody positivity. Analysis was performed in R version
3.6.0 (R Foundation for Statistical Computing, Austria, Vienna).

Ethical considerations. Respondents provided written in-
formed consent before participation in the study. The study was
reviewed and approved by human subjects review boards at the
CDC (protocol number CGH2018469) and the Angola Ministry of
Health.

RESULTS

A total of 733 Asian migrants were enrolled, including 341
Chinese and 392 Southeast Asian (188 Filipinos and 204
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TaBLE 1
Demographic characteristics of surveyed Asian migrants in Angola, 2019
Luanda Lunda Sul Zaire
Total
Chinese (N = 155) Southeast Asian (N = 144) Chinese (N=90) Southeast Asian (N=219) Chinese (N=96) Southeast Asian (N = 29) N :0%3)
Male 124 (80) 88 (61) 80 (89) 191 (87) 86 (90) 24 (83) 593 (81)
Age (years), median (IQR) 39 (32-49) 40 (33-50) 46 (39-52) 37 (31-46) 42 (33-49) 34 (27-43) 40 (32-49)
Married 120 77) 114 (79) 82 (91) 175 (80) 82 (85) 23(79) 596 (81)
Accompanied by family 34 (22) 55 (38) 27 (30) 71 (32) 26 (27) 18 (62) 231 (32)
member
Speaks Portuguese* 94 (61) 135 (94) 66 (73) 211 (96) 64 (67) 25 (86) 595 (81)
Employment status
Employed 115 (74) 104 (72) 77 (86) 192 (88) 89 (93) 26 (90) 603 (82)
Self-employed/family 38 (25) 34 (24) 13 (14) 23 (11) 5(5) 3(10) 116 (16)
employed
Unemployed/other 2(1) 6 (4) 0(0) 42) 2(2) 0(0) 14 (2)
Occupation
Construction/machine 41 (26) 32 (22) 56 (62) 94 (43) 53 (55) 8 (28) 284 (39)
operation
Retail/wholesale 66 (43) 61 (42) 24 (27) 68 (31) 11 (11) 11 (38) 241 (33)
Administration/finance 8 (5) 23 (16) 2(2) 10 (5) 2(@) 4(14) 49 (7)
Restaurant 19(12) 12 (8) 1(1) 2(0.9 5 (5) 1) 40 (5)
Logistics/transport 5(3) 2(1) 4(4) 15(7) 11(11) 0(0) 37 (5)
Mining 1(0.6) 0(0) 1(1) 22 (10) 1(1) 0(0) 25 (3)
Agriculture 2(1) 1(0.7) 2(2) 0(0) 1(1) 0(0) 6 (0.8)
Other/missing 13 (8) 13(9) 0(0) 8 (4) 12 (12) 5(17) 51(7)
Total years spent in 3(1-7) 7 (4-10) 5(2-7) 6 (3-8) 4 (2-6) 5(2-9) 5(2-8)
Angola, median (IQR)
IQR = interquartile range. Cells represent n (%) unless otherwise specified.
*Some or well.
Vietnamese). They were predominantly male (81%) and had a occupation (39%), followed by retail or wholesale (33%). Most
median age of 40 years (interquartile range [IQR]: 32-49 years) participants had been in Angola for several years, with a me-
(Table 1). Although a majority (81%) reported being married, dian 5 (IQR: 2-8) years of the total time spent in Angola. Par-
only 32% were accompanied by a family member in Angola. ticipants’ home provinces in their place of origin were widely
Most (81%) reported speaking at least some Portuguese. dispersed and included areas historically endemic for malaria
Construction or machine operation was the most common (Figure 1). The most common home provinces were Jiangsu in
Home Province in China Home Province in the Philippines Home Province in Vietham
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Ficure 1. Home province in country of origin for surveyed Asian migrants in Angola (top panels). Malaria incidence by province, WHO estimates
2011 (bottom panels). This figure appears in color at www.ajtmh.org.
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TABLE 2

Malaria knowledge and prevention practices reported by Asian mi-
grants surveyed in Angola, 2019

TABLE 3

Healthcare-seeking practices for febrile illness reported by Asian mi-
grants surveyed in Angola, 2019

n N % (95% Cl) n N % (95% Cl)
Knows malaria exists in Angola 649 716 91 (88-93) Had fever in last 3 months 53 728 7 (6-9)
Feels at risk of malaria 521 714 73 (70-76) Self-medicated 14 53 26 (16-41)
Knows malaria spread by mosquitoes 626 730 86 (83-88) Sought health care 34 53 64 (50-77)
Heard communication about malariain 326 703 46 (43-50) Setting for healthcare seeking

last 6 months Public health facility 10 34 29 (16-48)
Source of information on malaria Private health facility/pharmacy 21 34 62 (44-77)

Friends/family 196 326 60 (55-65) Employer health facility 3 34 9 (2-25)
TV/radio 114 326 35 (30-40) Tested for malaria 33 53 62 (48-75)
Poster/leaflet 65 326 20 (16-25) Took antimalarial drug 26 53 49 (35-63)
Employer 109 326 33 (28-39) Following positive test 19 26 73 (52-88)
Other 125 326 38 (33-44) Antimalarial drug taken
Received information about malaria 453 647 70 (66-73) Artemisinin-based combination 6 22 27 (12-50)
from employer therapy
Received information about 340 632 54 (50-58) Other 16 22 73 (50-88)
chemoprophylaxis from employer
Uses bed net 526 733 72 (68-75)

Long-lasting insecticide treated net 412 526 78 (75-82)

Source of net Despite the high rates of knowledge on chemoprophylaxis,
grou%ht ”et.froAm h?me %‘5 522 g; (gf‘%) chemoprophylaxis use was very rarely reported by partici-
Sought netin Angola oo % §1 5:21; pants (3/733, 0.4%) (Table 2, Supplemental Table S2). Bed

Slept under net last night 508 526 97 (95-98) nets were the most commonly used form of malaria pre-

Travels with bed net 121 372 33 (28-38) vention, reported by 72% of participants. Most of the nets

Uses other forms of malaria prevention (78%) were long-lasting insecticidal nets, and a plurality (47 %)

Insecticide spray 380 733 52(48-56) had been brought from participant home country. Nearly all

Fan/air conditioning 292 733 40 (36-43) 97% dent . bed net rted using it the night

Repellent 237 733 32 (29-36) (97 %) respondents using a bed ne repg g using it the nig

Coil 85 733 12 (9-14) before. However, only 33% reported bringing a bed net when

Screens _ . 59 733 8 (6-10) travelling to other provinces in Angola. Other common forms

:?Idoto'r r;&dual;praymg 42 ;gg ?Eg_ss)z) of malaria prevention included use of insecticide sprays
ectric fly swatter .5 o . e o .

Long-sleeved clothing/socks 5 733 0.7 (0.3-2) (520A;), fans or air condltlgnlng (40 %), and insect repellent

Chemoprophylaxis* 3 733 0.4(0.1-1) (32 %). Overall, only 4 (Q.5 %) part.|C|pants reported not prac-

No malaria prevention reported 4 733 0.5(0.2-1) ticing any form of malaria prevention.

*Two do not know and one artemisinin.

China (16%, 53/341), Ha Tinh in Vietnam (27 %, 56/204), and
Cavite in the Philippines (11%, 21/188).

Travel to other countries in Africa was rarely reported;
Ethiopia was the most commonly visited country on the con-
tinent, but only 1.4% of participants reported travel there
(Supplemental Figure S1A). By contrast, travel outside the
province of residence in Angola was more common (29%,
210/733) and widely distributed across all of Angola’s prov-
inces (Supplemental Figure S1B). Travel back to home country
was also common, with 395/733 (54 %) respondents traveling
to their home country at least once a year. This figure was
higher in Southeast Asians (61%) than in Chinese (46%) (chi-
square P-value < 0.01).

More than 90% of respondents reported knowing that
malaria existed in Angola, and 73% felt at risk of acquiring
malaria in Angola (Table 2). A large majority, 86%, knew
malaria is transmitted by mosquitoes. Less than half had heard
a communication message about malaria in the preceding
6 months, and friends and family were the most common
source of information on malaria. Those reporting speaking at
least some Portuguese were more likely to report having heard
a communication message about malaria (chi-square P-
value < 0.05). Most respondents (70%) had received some
information about malaria from their employer, and more than
half (54%) had received information on chemoprophylaxis
from their employer.

A total of 53 respondents reported having had a febrile ill-
ness in the 3 months preceding the survey (Table 3,

TABLE 4

Prevalence of current or past malaria infection in Asian migrants sur-
veyed in Angola, 2019

n N % (95% Cl)
Current/recent infection
Rapid diagnostic test at time of survey
Any Plasmodium+ 17 725 2 (1-4)
Pf+ 11 725 2(0.8-3)
Pv+ 4 725 0.6(0.2-2)
Pf+/Pv+ 2 725 0.3(0.05-1)
Negative 708 725 98 (96-99)
Laboratory antigen detection
Any Plasmodium+ 26 731 4 (2-5)
Pf+ 19 731 3 (2-4)
Pv+ 0 731 0(0-0.7)
Pf+/Pv+ 3 731  0.4(0.1-1)
Pm + or Plasmodium ovale+ 4 731 0.5(0.2-1)
Negative 705 731 96 (95-98)
Past infection
Self-reported past malaria infection 311 733 42 (39-46)
In home country 44 733 6 (4-8)
In Angola 206 732 40 (37-44)
Laboratory antibody detection
Any Plasmodium+ 396 714 55 (52-59)
Pf+ 355 714 50 (46-53)
Pv+ 8 714 1(0.5-2)
Pf+/Pv+ 30 714 4 (3-6)
Pm+ 3 714 0.4(0.1-1)
Negative 318 714 45 (41-48)

Pf = Plasmodium falciparum; Pm = Plasmodium malariae; Pv = Plasmodium vivax.
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Supplemental Table S3). Of these, 14 (26%) self-medicated,
whereas 34 (64 %) sought health care, most commonly (62 %)
in the private healthcare sector. Thirty-three (62%) of the 53 re-
spondents with febrile iliness reported being tested for malaria.
Twenty-six (49%) ultimately took an antimalarial drug to treat the
fever; most of these (73%) had reported having a positive test.
Of the 22 recalling the kind of antimalarial, only 6 (27%) had
taken an artemisinin-based combination therapy (ACT).

Prevalence of malaria infection at the time of the survey was
low. A total of 17 respondents (2%) were RDT positive, in-
cluding 11 P. falciparum-only, four P. vivax-only, and two
mixed P. falciparum/P. vivax infections (Table 4, Supplemental
Table S4). The bead-based laboratory assay detected Plas-
modium antigen in 26 (4%) individuals, including 19 individ-
uals with antigen profile consistent with active or recent
P. falciparum monoinfection, three mixed P. falciparum/
P. vivax infections, and four non-falciparum and non-vivax
Plasmodium infections (Supplemental Table S5).

Many participants had evidence of past exposure to Plas-
modium infection. Atotal of 396 (55%) had the presence of any
antibodies to the panel of Plasmodium antigens, with 355
(50%) seropositive to P. falciparum antigens only, 8 (1%) to
P. vivax antigens only, 30 (4%) to both P. falciparum and
P. vivax antigens, and 3 (0.4%) to P. malariae antigens only.

Seropositivity for antibodies to P. falciparum merozoite
surface protein 1 (PfMSP1) was the most common (42%),

A 0.5 —
. 04 —
3
2 03
=
(2]
2
Ie) 0.2 —
—_
]
w
0.1 —
0.0 —
- o = — o O B o o
O 0O <0 X xXxxXxoo
nrs==moIiwlkTrxramn
b 3 < w KX o wzIT
o 0] [V ik
100000 —
10000 — E o 3
o ;
f
w
=

1000

-1 © womn ©

F-..--.

100

CHPVMSP1

E140

MARTINS AND OTHERS

followed by glutamate-rich protein R2 (GLURP2) (13%) and P.
falciparum apical membrane antigen 1 (PfAMA1) (11%)
(Figure 2A). Measured antibody responses were high in those
who were seropositive, with median MFI-bg values greater
than 1,000 for most antigens (Figure 2B). Breadth of response
(seropositivity to multiple P. falciparum antigens) was highest
in Lunda Sul and Zaire and lowest in Luanda, a trend also
reflected in rates of seroprevalence (Supplemental Figures S2
and S3). Antibody seropositivity sharply increased with time
spent in Angola before reaching a plateau around 5 years of
time spent in Angola (Figure 3).

Overall, rates of serological evidence of past exposure
matched responses during the questionnaire, in which 311
(42%) of respondents reported having past infection, primarily
incurred while in Angola. Respondents who reported having
past infection had statistically higher rates of seropositivity for
many antigens (Supplemental Table S6).

Individuals with other or missing occupation had higher
odds of testing RDT positive than those working in con-
struction or machine operation jobs as the reference group
(odds ratio [OR]: 6.76, P-value < 0.01) (Table 5). Individuals
working in administration or office jobs had lower odds of
serological evidence of past Plasmodium (OR: 0.44, P-value
0.02). Participants from Lunda Sul had higher odds (OR: 1.87,
P-value < 0.01) of antibody seropositivity than those in
Luanda. The total time spent in Angola (OR: 1.06/year, P-

e

O ¥ =~ O «— M « 0 «—~ O N O
FEssbbEziEtEg
:)EmU)EZI_In:uJIIO
= IE> O

o x o

_-.._-..__..._ﬁ

R

s I |}

:

F----

Ficure 2. Prevalence of antibody seropositivity (A) and strength of antibody response in those positive (B) using a panel of Plasmodium antigens
for Asian migrants to Angola, 2019. MFI-bg: mean fluorescence intensity-background. This figure appears in color at www.ajtmh.org.
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Ficure 3.  Seropositivity to any Plasmodium falciparum antigen vs.
time spent in Angola in Asian migrants sampled in Angola, 2019. This
figure appears in color at www.ajtmh.org.

value < 0.01) and bed net use (OR: 2.02, P-value < 0.01) were
also associated with higher risks of antibody positivity.
Samples from 70 participants who were positive by RDT,
positive for any antigen in the bead-based antigen assay, or
with antibody response indicative of recent infection were
screened for Plasmodium DNA by PET-PCR. Of these, 7 (10%
of PET-PCR-tested samples and 1% of all samples) were
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malaria DNA positive (three P. falciparum, one P. falciparum/
Plasmodium ovale, one P. vivax, one P. malariae, and one
Plasmodium genus). Of these seven, one was successfully
sequenced using the targeted amplicon sequencing panel.
The sample was from a P. falciparum infection in an RDT +
Filipino male from Luanda, who had reported last being in the
Philippines in April 2019. The parasite, however, was wild type
for the artemisinin resistance marker pfk13. Its pfs47 se-
quence had not been previously reported but was identical to
sequences from two samples from children enrolled in the
Zaire arms of the 2019 therapeutic efficacy study in Angola
and clustered together with other African isolates (Figure 4).

DISCUSSION

In this survey of Asian migrant workers residing in Angola,
respondents had low rates of active infection, between 1% and
4% depending on the assay, as expected in asymptomatic
populations sampled during the dry season. However, reported
past histories of malaria infection and measured antibody re-
sponses suggest substantial exposure to malaria infection in
respondents, with roughly half showing serological evidence of
past malaria infection. Predominance of P. falciparum seroposi-
tivity, higher rates of reported malaria infection in Angola rather
than in home country, and an association between seropositivity
and time spent in Angola all point to exposure in Angola as the
primary source for malaria infection in this population.

The rapid increase in seroprevalence followed by a plateau
around 5 years spent in Angola is consistent with heteroge-
neity of risk, where naive individuals in high exposure settings
rapidly acquire antibodies shortly after arrival, whereas

TABLE 5
Risk factors for current or past Plasmodium infection in Asian migrants to Angola, 2019

Rapid diagnostic test+ Antigen+ Antibody+
OR P-value OR P-value OR P-value
Age (years)
<30 Ref - Ref - Ref -
30-39 1.12 0.91 1.30 0.72 0.71 0.16
40-49 1.42 0.70 1.50 0.59 0.74 0.25
50-59 0.63 0.68 212 0.34 0.82 0.49
60+ 1.12 0.94 0.00 0.99 0.65 0.35
Gender
Male Ref - Ref - Ref -
Female 0.00 0.99 1.47 0.53 0.68 0.10
Province
Luanda Ref - Ref - Ref -
Lunda Sul 0.49 0.35 1.04 0.94 1.87 <0.01
Zaire 1.91 0.33 2.57 0.12 1.04 0.88
Total years spent in Angola 1.06 0.31 1.01 0.85 1.06 <0.01
Home country
China Ref - Ref - Ref -
Southeast Asia 1.74 0.39 2.46 0.07 0.75 0.12
Occupation
Construction/machine operation Ref - Ref - Ref -
Retail/wholesale 0.46 0.36 0.62 0.39 0.66 0.04
Administration/finance 0.00 0.99 0.84 0.84 0.44 0.02
Restaurant 3.97 0.14 0.59 0.65 0.95 0.90
Logistics/transport 2.22 0.35 1.69 0.44 1.01 0.99
Mining 0.00 1.00 0.00 0.99 0.52 0.14
Agriculture 0.00 1.00 0.00 1.00 0.37 0.27
Other/missing 6.76 <0.01 0.41 0.43 1.25 0.56
Uses bed net 1.20 0.84 1.30 0.70 2.02 <0.01
Uses other form of malaria prevention 1.02 0.99 0.92 0.91 0.67 0.14

OR = odds ratio. Bold values represents significant associations (P-value < 0.01).
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another subset never acquires antibodies, even after decades
spent in Angola because of low levels of exposure. Risk factor
analysis revealed that respondents working in office jobs were
less likely to have acquired antibodies to malaria than those in the
construction or machine operation sector. Exposure was higher
in respondents living in the high-transmission interior provinces
than in those in Luanda. This differential in risk was reflected both
in overall rates of seropositivity to any Plasmodium antigen and
higher rates of seropositivity to individual antigens, as well as the
breadth/robustness of observed responses. However, even in
Luanda, an urban setting with historically low rates of malaria
transmission,®° 39% of respondents had serological evidence of
past malaria infection, possibly tied to high rates of reported
travel to the interior provinces. Findings of high rates of sero-
positivity match a previous study of Brazilian soldiers deployed to
Angola for 6 months during the high-transmission season that
found 35% of the retumning soldiers had elevated anti-
P. falciparum IgG titers.®’

Chemoprophylaxis is a mainstay of malaria prevention in
Western travelers to endemic areas. Even though more than
half of respondents reported receiving information on malaria
chemoprophylaxis from their employers, less than 1% of re-
spondents reported using chemoprophylaxis. Instead, nearly
three-quarters of respondents reported using bed nets for
malaria prevention, and nearly all of these reported using abed
net the night preceding the interview. Bed net use was asso-
ciated with higher odds of antibody positivity, possibly
reflecting better adherence to malaria prevention practices in
individuals with past experience with malaria disease and
higher perceived risk or those living and working in environ-
ments with higher mosquito densities. Overall, there was a
wide range of malaria prevention practices reported by

respondents, and nearly all respondents reported using at
least one form of malaria prevention. Respondents with febrile
illness in the preceding 3 months were 2.5 times more likely to
seek care in the private sector or through their employer thanin
the public health sector; in comparison, this ratio was reversed
for febrile illness in children in the most recent nationwide
household survey in Angola, where respondents were 7.5
times more likely to use the public sector.®2 Among Asian
migrants who took an antimalarial, only a minority (27 %) took
an ACT. By contrast, in the nationwide Angola household
survey, 77% of those receiving any antimalarial took an ACT,
and health facility surveys in Angola have shown that pre-
scription of antimalarials other than ACTs is rare in the public
health sector.®

Artemisinin resistance is currently widespread in Southeast
Asia,®* whereas P. falciparum parasites in Africa are still largely
susceptible to ACTs.%® Importation of artemisinin-resistant
parasites into Africa from Asia, similar to the case of chloro-
quine and sulfadoxine—pyrimethamine, would have drastic
consequences on malaria morbidity and mortality on the
continent, which accounts for the vast majority of the global
malaria burden. The risk of this importation was drawn into
focus with the case report of a Viethamese patient from Lunda
Sul, with P. falciparum infection that did not respond to arte-
misinins.3® Although the cause of the observed nonresponse
was never fully resolved,®”*® Lunda Sul was added to the list
of therapeutic efficacy monitoring sites in Angola. Notably,
none of Angola’s routine biennial therapeutic efficacy
studies®*" or nonroutine efficacy studies*? have shown ge-
notypic or phenotypic evidence of artemisinin resistance.
However, Asian migrants surveyed here came from a diverse
group of geographic locations in their country of origin,
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including malaria-endemic areas. Combined with frequent travel
back to home country, with more than half reporting visiting their
home country at least once a year, importation of artemisinin-
resistant P. falciparum to Angola remains a risk. The one partic-
ipant in this current study who had an infection with sufficiently
high parasite density to allow genotyping of the parasite had
travelled back to the Philippines. However, analysis of the para-
site’s pfs47 sequence showed evidence that this infection was
likely acquired in Angola, underlining the utility of novel geno-
typing approaches to characterize parasite origin.

Unlike P. falciparum, P. vivax can relapse years after the
initial infection. Thus, it is difficult to distinguish locally ac-
quired infections from relapse of infections acquired in the
home country. None of the respondents with evidence of
P. vivax infection carried enough parasite DNA to allow mo-
lecular confirmation of origin. Parasite densities in persons
with asymptomatic infections are generally low in highly en-
demic areas, often hindering amplification of enough DNA to
genotype infections, either for origin or molecular markers
of resistance. In cross-sectional surveys targeting largely
asymptomatic populations, other measures of malaria risk,
such as serological assays using panels with multiple anti-
gens,*® can be more informative than routinely used smear
microscopy and RDTs.

Respondents to the survey represented a convenience
sample, and thus the results cannot be extrapolated to the
entire Asian migrant population in Angola, including mi-
grants from countries other than the three included here.
Moreover, migrants without legal immigration status and
those in remote areas in the interior of the country were
likely under-sampled. The lack of a P. ovale antigen in the
panel meant that exposure to this species, prevalent in
Angola, was not able to be measured. A cross-sectional
study design limited the ability to directly measure malaria
incidence, with point prevalence of infection and serology
used as indirect measures of incidence. Recall bias could
have affected the validity of the reported rate of malaria
prevention and healthcare-seeking behaviors. However,
this survey was implemented because routine surveillance
in this population is made complicated by the same fac-
tors. Low rates of utilization of the public health sector
mean that the true burden of malaria morbidity in this
population is not readily accessible through routine health
information systems.

Further elucidation of malaria burden in Asian migrants,
identification of risk of importation, and its contribution to the
overall malaria situation in Angola will require targeted sur-
veillance activities and engagement with the private health-
care sector. Management of malaria risk in this diverse and
dispersed population will also require different strategies that
capitalize on the existing social networks of this well-
established population.

Employee malaria prevention programs run by large com-
panies** and government agencies*® that place staff in highly
malaria endemic areas rely substantially on chemoprophy-
laxis. These programs involve both providing access to the
chemoprophylaxis drugs and including compliance monitor-
ing. Education around other malaria prevention practices such
as the use of bed nets is also often included. Asian companies
sending staff to malaria-endemic countries could consider
adopting similar measures. However, for self-employed or
family-employed migrants, roughly a quarter of respondents

in this survey, other avenues of intervention, are needed. To
address this, embassies representing large numbers of
workers could consider outreach activities to encourage and
facilitate malaria prevention practices and care-seeking, tak-
ing advantage of the same social networks used to recruit
participants to this survey. Finally, the Angolan Ministry of
Health could intervene to improve the quality of malaria case
management at private health facilities, focusing on educating
healthcare workers about the high risk of malaria exposure in
Asian migrants.

The COVID-19 pandemic has highlighted the connected-
ness of the global population. A deeper understanding of
human movement patterns, including between Asia and
Africa, and their influence on global spread of infectious dis-
ease will aid in developing more effective disease control in-
terventions for malaria as well as emerging diseases.
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