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Buckground:. Malaria elimination requires targeting asymptomatic and low-density Plasmodium infections that
largely remain undetected. Theref:

/ ( ore we conducted a cross-sectional study to estimate the burden of asymp-
tomatic and low-density Plasmodium infection using conventional and molecular diagnostics.

Metl_tods: A total of 9118 participants, irrespective of age and sex, were screened for malaria using rapid diag- 5
nostic tests (RDTs), microscopy and polymerase chain reaction.

Results: Among the participants, 707 presented with symptoms and 8411 without symptoms, of which Plas-
modium was present in 15.6% (110/707) and 8.1% (681/841 1), respectively. Low-density infection was found
in 5.1% (145/2818) of participants and 8327 of 9118 were Plasmodium negative. Endemicity was propotional
to asymptomatic infections (high endemicity 11.1% [404/3633] vs low endemicity 5.8% [277/4778]; odds ratio
[OR] 2.0 [95% confidence interval {CI} 1.7 to 2.4]) but inversely related to low-density infection (high endemicity
3.7% [57/1545] vs low endemicity 6.9% [88/1273]; OR 1.9 [95% CI 1.4 to 2.7]). The spleen rate in children 2-
9y of age was 17.9% (602/3368) and the enlarged spleen index was 1.6. Children between 8 and 14 y showed

higher odds for asymptomatic (adjusted OR [aOR] 1.75 [95% CI 1.4 to 2.2]) and low-density infections (aOR 0.63
[95% CI 0.4 to 1.0)] than adults.

Conclusions: The prevalence of asymptomatic and low-density Plasmodium infection undermines the useful-
ness of standard diagnostic tools used by health agencies. This necessitates deploying molecular tools in areas
where malaria microscopy/RDTs indicate a dearth of infection.

Keywords: asymptomatic malaria, epidemiology, low-density Plasmodium infection

H study, two northeastern districts, Udalguri and East Garo Hills,
htroduction were selected due to the high malaria prevalence in these dis-
tricts. The previous cross-sectional studies conducted in Udalguri
district reported a high slide positivity rate (42.8%), with P. falci-
parum as the predominant species.’ A recent systematic review
of malaria in Meghalaya found a high annual parasite incidence

Malaria is a deadly disease and is prevalent in tropical and sub-
tropical regions. It is presently one of the most geographically
distributed and life-threatening diseases and accounted for an
estimated 405000 deaths in 2018. An estimated 228 million
malaria cases occurred globally in 2018, of which 85% were (519 apy) in Eqst Garo Hills district in 2016, while o dramatic
reported from 19 sub-Saharan Africa countries and India.! India ey ction in the number of malaria cases was observed in this dis-
accounted for 0.34 million malaria cases in 2018 undlnearly 48% trict (i.e. 20 045 cases in 2015 to 3084 in 2017) after analysing the
of those were due to Plasmodium falciparum infection.? In this 2015 3617 National Vector Borne Disease Control Programme
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Figure 1. Study district:

body temperature was recorded using a digital thermometer
and a history of fever and other clinical symptoms related to
malaria were recorded. Fever was defined as a body tempera-
ture >37.5°C at the time of examination. Asymptomatic malaria
was defined as participants who had neither a reported history
of fever during the 2 weeks preceding the survey nor a body tem-
perature >37.5°C at the time of examination but were Plasmod-
ium positive by RDT, microscopy or PCR. According to a report

s showing villages under investigation. The map was created with ArcGIS version 9.3 (Esri, Redlands, CA, USA).

3.0.0.T6

from the World Health Organization (WHO) on low-density Plas-
modium infections, the term ‘low-density’ Plasmodium infection
may be used instead of ‘submicroscopic’ where the quantifica-
tion of Plasmodiumn parasites is not performed. Thus low-density
Plasmodium infections were defined as those infections detected
by high-sensitivity methods, such as nucleic acid amplification-
b_ased assays (PCR in this study) but undetected using conven-
tional diagnostics like microscopy or RDTs.** Since the present
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Figure 2. Flow chart showing sampling details and malaria prevalence using diffe‘rent diagnostic techniques. RDT results were available for 9116
individuals and 2 RDTs were invalid. Microscopy examination could be performed in 8595 slides and PCR was performed in 3457 samples due to

logistics reasons explained in the Method section.

study did not perform a parasite count, the term ‘low-density’
Plasmodium infections has been used instead of submicroscopic
malaria.

The outcome variable in this study was asymptomatic
malaria. The exposure variables were the presence of the Plas-
modium parasite detected by RDT, microscopy or PCR. Axillary
body temperature and fever history were used as the predictors
to define asymptomatic malaria.

Thick and thin blood smears were prepared at the study site
and transported daily to the local laboratory, where fixation of
thin blood smears was performed with methanol followed by
staining of both thick and thin smears with 3% Giemsa stain solu-
tion for 30 min. All the slides were examined under oil emer-
sion (10x100 magnification) by experienced microscopists. A
blood slide was considered negative if no Plasmodium parasites
were found after examining 100 microscopy fields. For all posi-
tive slides, malaria species identification was done. All the micro-
scopists were kept blinded to RDT results and later the discor-
dant results (RDT positive, microscopy negative and RDT negative,
microscopy positive) were re-examined by another experienced
microscopist and/or a WHO-certified microscopist who was not
aware of previous microscopy/RDT results. The final microscopy
results were considered as positive or negative depending upon
the quality check results of the microscopy.

The Plasmodium species identification using PCR was done on
dried blood spots prepared at ambient temperature and sealed
in a zipped plastic bag containing desiccant and stored at —20°C
until analysis. Due to the large sample size and logistic reasons,

molecular diagnosis of malaria using PCR was performed in a sub-
set of samples that was drawn randomly from the total samples.
To perform PCR in 9000 samples is expensive and resource inten-
sive, therefore 3500 samples were drawn randomly from the total
samples and PCR diagnosis was performed on 3457 samples; 43
samples could not be amplified for PCR analysis. By doing this
random selection, each sample had an equal chance of being
selected for PCR diagnosis. Further, we performed power anal-
ysis by considering 90% power and an « of 5% and found that
the sample size of the subset was large enough to generalize the
findings.

To perform the diagnostic PCR, DNA was isolated from dried
blood spots using the QIAamp Blood Mini Kit (Qiagen, German-
town, MD, USA) according to the manufacturer’s protocol. The
protocol followed in this study to identify Plasmodium species
using PCR is described elsewhere, which was based on target-
ing coding sequences of the small subunit of ribosomal RNA spe-
cific to the parasite species. The limit of detection ranged from
1 to 10 parasites/pL of blood.? Briefly, 25-pL reaction mixtures
consisted of 12.5 uL DreamTaq Green PCR mix, 0.4 pM of each
primer (10 uM stock), 2 pL of DNA and sterile water up to 25 pL.
All PCR amplifications were carried out in an Applied Biosystems
(Waltham, MA, USA) thermocycler as follows: 5 min at 95°C, fol-
lowed by 35 cycles of 30 s at 95°C, 30 s at 56°C and 1 min
at 72°C, with a final extension of 7 min at 72°C. PCR amplifica-
tions were analysed on 2% agarose gels prepared with 0.5x Tris-
borote-ethylenediaminetetraocetic acid buffer in the presence of
ethidium bromide. After obtaining the PCR results, the discordant

¢
‘
[
¢
¢

tmrmmmam s smelani s Liam o

samcs Ao mai

s ms i smmm L A

@ Scanned with OKEN Scanner




mnsactions of the Royal Society of Tropical Medicine

Table 1. Prevalence of malaria using RDT, microscopy and PCR

Variables

RDT (n::VE-?-lanB)_ N
Microscopy (n=8595)
PCR (n=3457)

Overall

Irrespective of method® (n=9118)

Presented with symptoms RDT (n=707)
Microscopy (n=625)

PCR (n=468)

Irrespective of method® (n=707)

presented without symptoms RDT (n=8411)
Microscopy (n=7970)

PCR (n=2989)

Irrespective of method® (n=8411)

RDT (n=5083)
Microscopy (n=4893)
PCR (n=1493)

Low endemicity

Irrespective of method?® (n=5083)

RDT (n=4035)
Microscopy (n=3702)
PCR (n=1964)

High endemicity

Irrespective of method® (n=4035)

and Hygiene

Malaria prevalence, n (%) 95% (1
596 (6.5) 60to 7.1
187 (2.2) 19t02.5
384 (11.1) 10.1to12.2
791 (8.7) 8.1t09.2

93 (13.1) 10.8t015.9
33(5.3) 3.8t07.3
56 (12.0) 9.3to15.2
110 (15.6) 12.9t018.2
503 (6.0) 5.5t06.5
154 (1.9) 1.6t02.2
328 (11.0) 99to12.1
681 (8.1) 7.5t08.7
199 (3.9) 3.4t04.5
61(1.2) 1.0to 1.6
171 (11.4) 9.9t013.2
302 (5.9) 5.3t06.6
397 (9.8) 9.0t010.8
126 (3.4) 29t04.0
213(10.8) 9.5t012.3
489 (12.1) 11.1to13.1

°Frequency used is irrespective of the diagnostic method (RDT, micrascopy of PCR).

samples (RDT positive, microscopy positive, PCR negative and RDT
negative, microscopy negative, PCR positive) were reconfirmed
using light microscopy and PCR.

Statistical analysis and data management

The data were entered into an Excel 2007 (Microsoft, Redmond,
WA, USA) worksheet and cross-checked for typographical errors.
Further, quality checks were applied in order to ensure the qual-
ity of the data. Non-numerical categorical variables were coded
numerically and frequency with percentage distribution was tab-
ulated and Pearson’s x? or Fisher’s exact test was applied for
statistical comparison of 2x2 contingency tables as appropriate.
Logistic regression analysis was used to calculate the odds ratio
(OR) with 95% confidence interval (CI) to understand the effects
of predictor variables with asymptomatic and low-density Plas-
modium infections. Multilevel mixed effects logistic regression
model analysis was performed to estimate the odds of malaria,
asymptomatic infection and low-density infection among differ-
ent age groups adjusted by study blocks. The critical value for
statistical significance was considered at an & of 0.05. Data were
analysed using R 3.4.3 for Windows (R Foundation for Statistical

Computing, Vienng, Austria).

Results

A total of 9118 participants were screened by conducting mass
blood surveys, of which 3165 (34.7%) participants were from
East Garo Hills district and 5953 (65.3%) were from Udalguri

district. Irrespective of the study districts, 5083/9118 (55.7%)
individuals were from low malaria-endemic areas and 4035/9118
(44.2%) were from high malaria-endemic areas. In this survey,
57% (5197/9118) of the participants were female. The median
age of the participants was 12y (interquartile range 7-28). Spleen
examination was performed in children 2-9 y of age, 1.6 as an
average enlarged spleen size. The spleen rate was found to be

17.9% (602/3368).

Malaria prevalence

Individuals (n=9118), irrespective of symptoms of malaria, were
screened for malaria using RDTs, of which 596 (6.5%) were found
to be positive and two samples were invalid. Of the 9118 samples,
8595 were screened by traditional light microscopy, of which 187
(2.2%) were parasitaemic. A subset of samples (n=3457) from
the total screened samples was randomly drawn for molecular
diagnosis of malaria using PCR, which showed 384 (11.1%) pos-
itive cases. The number of Plasmodium-positive cases detected
by RDT, microscopy and PCR was 264, 2 and 145, respectively.
We found 37 that were negative by RDT but were positive for
Plasmodium using microscopy or PCR. Such samples might have
deletions of P. falciparum histidine rich protein-2 (HRP-2), a pro-
tein on which the RDT is based (Table 1 and Figure 3). Overall
malaria prevalence estimated by RDT, microscopy or PCR was
8.7% (791/9118) and P. falciparum was the predominant species
(95.1% [752/791]). Further, endemicity-wise malaria prevalence
was found to be 5.9% (302/5083) and 12.1% (489/4035) in
low- and high-endemic areas, respectively (p<0.0001). A simi-
lar trend of malaria prevalence was observed in all age groups
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RDT for malarig
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Microscopy Mlcr(:scupy Microscopy
i 1
{ ) | r v = ]

Poskive (w143) Negattve (n=393)  Not Done (n=61)  Postive (n=45) Negalive (=8013)  Not Done (n~d62) Positire (w0) Negattve(n=2)  Not Dome (n=0) t
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Figure 3. Malaria case distribution based on the three diagnostic techniques. i
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Figure 4. Malaria prevalence across the age groups in high- and low-endemic areas. Bars represent malaria prevalence (% :
The prevalence of malaria was calculated based on the diagnosis performed either by RDT, microscopy or PCR.

except infants, which showed a similar prevalence of malaria
in low- and high-endemic areas (Figure 4). Microscopy and PCR
could detect Plasmodium infection with nearly similar efficiency
in low- and high-endemic areas, however, the prevalence cal-
culated using the RDT varied significantly between these areas:
3.9% (199/5083) vs 9.8% (397/4035), respectively (p<0.0001)
(Table 1). Age group analysis of malaria prevalence revealed that
young children were more susceptible to infection compared with
the older age group (p<0.05). However, the predicted differ-
ence in the odds of malaria prevalence was higher in the older
age group after adjusting for study blocks, suggesting an age-
dependant increase in malaria prevalence among study partici-
pants (p<0.001) (Table 2).

Asymptomatic malaria

Of 9118 samples, 8411 (92.2%) participants presented with no
symptoms. Irrespective of diagnostic methods, 8.1% (681/841 1)
of participants had asymptomatic Plasmodium infection, where
RDT could detect only 6% (503/8411) of Plasmodium-infected
cases compared with 13.1% (93/707) of symptomatic cases
(Table 1). The prevalence of asymptomatic malaria was signifi-
cantly higher in high malaria-endemic areas (11.1% [404/3633))

»8-14 year >1d year

) with standard error bars. ¢

compared with low-endemic areas (5.8% [277/14778]; OR 2.0
[95% CI 1.7 to 2.4]). Asymptomatic Plasmodium infection was :
also higher among children compared with adults (p<0.05) and :
children 1-4 y of age had 2.3 times higher odds of asymptomatic
Plasmodium infection (OR 2.3 [95% CI 1.8 to 3.0]) compared with
the >14 y age group. A mixed regression model adjusted by the
study blocks revealed lower odds for asymptomatic infection in
younger children compared with adults (p=0.000) (Table 2).

Vim smnalR (oo

Low-density Plasmodium infection

Overall, 5.1% (145/2818) of cases of low-density Plasmodium
infection were recorded from the samples that were Fested by all
three methods (RDT, microscopy and PCR). Low-density Plasmpd-
jum infection cases varied statistically between low- and high-
endemic areas (6.9% [88/1273] Vs 3.7% [57/1545), respectively;
OR 1.9 [95% CI 1.4 to 2.7]). Also, it was ob§erved that Fhe preva-
lence of low-density infection was lpwest in young children (]nc{
increased proportionately with age in a non-significant manner;
the adjusted OR was significantly higher among chil-
zfg\r/\eze{’g y of age compared with adults (p<0.05) (Table 2).
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31134 33110 o5 - ¢
| 670 torey) DO AIS 1230066 060032 27 041010 0371000
1-4 118/853 191(157 165 ('i 0) (7.24) to 2.32) to 1.14) (2.70) to 1.73) 'tr)] é/.)
(13.83) t0 2.31) 't 3 29 96/742 2.35(1.82  1.66(1.27 1310 0550029 053028
4-8 227/1988 238 (1.88 172 i (12.94) to 3.04) to 2.17) (3.55) 0105  to103)
(11.42) 30y (21543 1951827 1.89(1.54  172(139  28/640  068(043 057 (036
8-14 205/2481 1,07 (060 174 ill') (10.67) to 2.32) to 2.13) (4.38) to 1.07) t0 0.91)
(8.26) e -t*( A1 176/2273 133(1.08  175(140  35/695 079052  0.63(040
14 228/3604 Reference fO 2.14) (7.74) to 1.63) to 2.18) (5.04) to 1.20) t0 0.97)
(6.33) elerence  203/3417  Reference  Reference  69/1099  Reference Peference
(5.94) (6.28)

00R: adjusted OR (predicted difference in odds of infection among age groups adjusted by study blocks).

Discussion

:& syste'rnotiC lorge-scole_sampling was carried out in this study
to provide a representative profile of malaria in the study dis-
tngts. The molecula( tc_echmque used in this study detected q 2-
5-fold greoter mo(orlo infection rate compared with the routinely
used (_1|ogn_ost|c tools ('RDK and/or microscopy). A recent Sys-
tematic review of malaria epidemiology in Meghalaya addressed
the malaria situation over the past decade and mentioned
that there was a significant increase (p<0.001) in the percent-
age of malaria cases among individuals >15 y of age (42.1%
in 2015 vs 47.2% in 2017).% The reported malaria trend was
based on the analysis of data obtained from the Meghalaya
State Malaria Control Programme for 2006-2017 that involved
malaria identification and confirmation using either microscopy
or RDT; it did not utilize molecular tools. Our results are in
agreement with a previous study?® that also reported the inad-
equacy of available diagnostic tools to detect malaria in low-
endemic areas during the non-transmission season. We observed
that children 1-4 y of age had the highest malaria preva-
lence and children 4-8 y of age were highly vulnerable to
malaria compared with children >14 y of age, but the mixed
model regression analysis adjusted for study blocks revealed
that children 4-8 and 8-14 y of age had equal odds for
malaria. The spleen rate (18%) and an enlarged spleen index
omong children 2-9 y of age in our study population .show
repeated past exposure of these children to Plasmod/um infec-
tion, which might have resulted in improved immunity in these
children, thereby making them an asymptomatic reservoir of
infection. Further, the spleen rate and the average enlarged
spleen index in these children agree with the findings of other
groups that a show positive association between the spleen rate
and slide positivity rate.?* Similar observations were reported
from a yearlong study conducted in Sonitpur district of Assam
that showed higher malaria prevalence in children 5-14 y of
age.?°

Higher malaria prevalence was seen in high-endemic areas
due to the presence of highly forested, tribal and remote areas
that are inaccessible for early malaria diagnosis and prompt
treatment and due to the delay in malaria treatment-seeking
behaviour of tribal populations.?* Apart from this, socio-economic
factors such as family size, type of house, use of bed nets,
monthly income, distance between residence and the nearest
health centre and standard of living were found to have a signif-
icant impact on malaria case management.?5:2¢ Previous litera-
ture suggests that the tribal population is prone to malaria due to
their low socio-economic status, scattered living behaviour and
cultural and regional beliefs.* The data presented in this study
included tribal-dominant areas of the East Garo Hills district.

The perennial and persistent malaria transmission in Megha-
laya?” and Assam?® has resulted in the development of adaptive
immunity (with the progression of age) against malaria in the
population residing in these areas. Because of this, adults have
a much lower propensity for getting malaria*® and more asymp-
tomatic Plasmodium infections than children, similar to the find-
ings reported in a previously published study that found a higher
prevalence of asymptomatic malaria in children <15 y of age
than adults.?? There is some evidence that supports our findings
on higher adjusted odds of asymptomatic infections among chil-
dren 4-14 y of age than adults, as Malawi school-age children
6-15 y of age were found to be at higher risk of asymptomatic
infection.! To support our sampling methodology, the propor-
tion analysis on our data when compared with the census 2011
data for age and gender-wise population distribution revealed
a significant difference. Although the census data are updated
every 5y, the latest available census data are from 2011. The
observed significance might be because the reference data are
too old and the sample size is large, thus even a slight varict.ion
can result in significant differences. In addition, it is also plausible
that the population proportion might have changed during the
time between the study start date and the census updt_]te year
(i.e. 2011). Nevertheless, the population coverage in this study
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kc\“‘\'liff]l"(‘\.‘od Ujol both adaptive and innate immunity are the
tha oo N asymptomatic Plasmodium infection,?? however,
the exact 'MMune mechanism involved in such infection is not
clcc;-l}- understood. Ne\’G!theless, anew hypothesis suggests that
LGTS virulent Plasmodjum strains in low-endemic areas remain at
j"_‘cf"‘ﬂe"ﬂl,\" due to less competition with more virulent strains,
s ihey persist over g long period and remain asymptomatic,
undetected ang untreated, thereby allowing further transmis-

Sle)) N . g
on du *" Low malaria-endemic areas

the diffolcnccs betwe

density Plasmodium infection i
and the proportionate age-wise
\WOs contrasted by malarig prev
Gge groups in the study popul
malaria Positivity and submic
ium infection showed an iny
with previous observations 13

N low- and high-endemic areas
increase in low-density infection
alence observed in the respective
ation."? Age group distribution of
roscopic or low-density Plasmod-
erse trend, which is in agreement
The dynamics of Plasmodium infec-

aged children and children <5 y

s for alonger period in school-aged chil-
dren, as in adults.3? This highlights the role of acquired immu-

nity to malaria in populations residing in hyper- or holoendemic
aregs.3? Importantly, low-endemic areas of our study districts
contributed a greater number of cases of low-density Plasmod-
ium infection that comprised the majority of asymptomatic car-
riers. It is assumed that submicroscopic or low-density infection
not only reflects the dynamics of transmission, but also revegls
the state of interventions performed by the controlling agencies.
In oddition, such infections have the potential to start malarig
transmission under favourable conditions, as observed in Sudan,
where submicroscopic infection was suggested to be the cause of
a resurgence of malaria transmission in the next rainy season. 3
This is a challenging situation and it is important to understand
thot such carriers can act as a source of approximately 20-50%
of malaria transmission even during low or non-transmission
season,!?

To conclude, our study provides exhaustive information about
the prevalence and mapping of asymptomatic and low-density
Plasmodium infection cases in the study areas. The results
advocate for the use of advanced diagnostic techniques in

low-endemic areas even if RDT/microscopy indicate a dearth of
infection.
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