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Abstract

Introduction

The re-emergence of vector borne diseases affecting millions of people in recent years has

drawn attention to arboviruses globally. Here, we report on the sero-prevalence of chikungu-

nya virus (CHIKV), dengue virus (DENV), mayaro virus (MAYV) and zika virus (ZIKV) in a

swamp community in Zambia.

Methods

We collected blood and saliva samples from residents of Lukanga swamps in 2016 during

a mass-cholera vaccination campaign. Over 10,000 residents were vaccinated with two

doses of Shanchol™ during this period. The biological samples were collected prior to vacci-

nation (baseline) and at specified time points after vaccination. We tested a total of 214

baseline stored serum samples for IgG antibodies against NS1 of DENV and ZIKV and E2

of CHIKV and MAYV on ELISA. We defined sero-prevalence as the proportion of partici-

pants with optical density (OD) values above a defined cut-off value, determined using a

finite mixture model.

Results

Of the 214 participants, 79 (36.9%; 95% CI 30.5–43.8) were sero-positive for Chikungunya;

23 (10.8%; 95% CI 6.9–15.7) for Zika, 36 (16.8%; 95% CI 12.1–22.5) for Dengue and 42

(19.6%; 95% CI 14.5–25.6) for Mayaro. Older participants were more likely to have Zika

virus whilst those involved with fishing activities were at greater risk of contracting Chikungu-

nya virus. Among all the antigens tested, we also found that Chikungunya saliva antibody

titres correlated with baseline serum titres (Spearman’s correlation coefficient = 0.222; p =

0.03).
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Conclusion

Arbovirus transmission is occurring in Zambia. This requires proper screening tools as well

as surveillance data to accurately report on disease burden in Zambia.

Introduction

Chikungunya (CHIKV), dengue (DENV), mayaro (MAYV) and zika (ZIKV) are arthropod-

borne viruses [1–3], informally referred to as arboviruses. CHIKV, DENV, and ZIKV are

mainly transmitted by the Aedes aegypti and Aedes albopictus mosquitoes [4] while MAYV is

transmitted via the Haemogogus mosquito [1,5–8] although it has been isolated in other mos-

quito genera such as Culex, Aedes and Psorophora [9]. These viruses have been in circulation

for over 65 years and are responsible for many outbreaks and sporadic cases in various coun-

tries [10–12]. Infection with any of these viruses may result in febrile illness, arthralgia, fever,

headache, joint pain, tiredness, and rash [11].

The re-emergence of vector borne diseases affecting millions of people in recent years has

drawn attention to arboviruses globally. The World Health Organisation (WHO), in February

2016, announced a Public Health Emergency of International Concern [12] following ZIKV

transmission and a possible link to congenital disorders in the Americas and the Pacific Islands

[13–18] which was later suggested as a cause to microcephaly and other congenital disorders

[19–21]. Tanzania and Congo DR have reported high occurrence of Aedes aegypti and arbo-

viral diseases [22,23]. Yellow fever and dengue have been investigated [24,25] in Zambia.

It is challenging to predict where and when arbovirus outbreaks will occur. Zambia is a

malaria-endemic country [26] and since there exists a similarly in the clinical presentation of

arbovirus related illnesses to that of malaria, there is the possibility of underdiagnosis of arbo-

viruses [27]. Similar to malaria, CHIKV, MAYV (E2), DENV and ZIKV can also present with

joint pain, high fever and headache among others [28], therefore, it remains unclear to what

extent people are generally exposed [29–31]. Data on the fraction of the population susceptible

to infection could provide some clue to potential epidemic. Serological surveys in which anti-

body responses to a pathogen are measured, allow direct measurement of the population that

remain susceptible for future infection. In this study, we sought to estimate sero-prevalence

of arboviruses among Lukanga swamps residents in Zambia. In an exploratory scenario, we

postulated that saliva can be an alternative, less invasive and cheaper option for future surveil-

lance studies to support the assessment of disease burden. Therefore, this study also aimed to

establish whether there exists a correlation of antibodies against arboviruses in both saliva and

serum.

Methods

Study area

The study was conducted in Lukanga swamps, which is located 70 km northwest of the capital

city of Central Province, Kabwe and 130 km from Kapiri Mposhi District. The swamps are

shared among the six districts of Central Province namely Kabwe, Mumbwa, Ngabwe, Chi-

samba, Chibombo and Kapiri Mposhi. The swamps are easily accessible through Kabwe and

fall within the Waya Health Centre (WHC) catchment area of Kapiri Mposhi district. Waya

Health Centre has a catchment population of 21,000, with 16,000 living on the upper land, and
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5000 living within the swamps [32]. The majority of the population depends on fishing activi-

ties for their livelihood [33].

Study design and participants

We screened/reviewed blood and saliva samples collected among fishmongers in Lukanga

swamps, Central Province of Zambia at WHC from October to November 2016. Fishmongers

are male and females who fish and trade in fishing, live within Lukanga swamps. They spend

long periods of time (months) in the swamps, an environment which is very favourable for

sustaining mosquitoes and this pre-disposes them to mosquito bites. We tested all baseline left

over serum samples (~500μl) collected during cholera vaccine trial. In the trial, participants

were considered eligible if they were aged 18 years and above, resided in Lukanga swamps for

over a year, involved with fish mongering, willing to be followed up for 2 years, willing to be

vaccinated, healthy by medical history and clinical examination, and willing and able to pro-

vide written informed consent. Pregnant women were excluded as well as those with fever, any

acute disease, any systemic disorder as determined by medical history or physical examination

that would compromise the participant’s health.

Procedures

Approximately 10 ml of venepunture bloods in EDTA tubes and 1 ml saliva samples were col-

lected at baseline during the mass-cholera vaccination campaign in Lukanga swamps in 2016

in which over 10,000 residents were vaccinated with two doses of Shanchol™ (Shantha Biotech-

nics, Ranga Reddy District, Telangana, India, a subsidiary of the French pharmaceutical com-

pany Sanofi-Aventis). Biological samples were collected prior to vaccination and at specified

time points, that is baseline, day 28, 6, 12, 18, 24, 30, 36, 42, and 48 months. In order to test for

antibodies against circulating arboviruses, we developed an enzyme-linked immunosorbent

assay (ELISA) based on antigens specific to CHIKV and MAYV (E2), and DENV and ZIKV

(NS1) arboviruses, which have been used to study patients from endemic regions of Mexico

previously [34]. All serum samples collected at baseline and saliva samples from the same indi-

viduals collected a year later during follow up were subjected to the ELISA assay. All partici-

pants enrolled in the parent study gave consent by signing the informed consent form and

copy was given to them for further reference. However, for this study, since we could not go

back and re-consent the participants, a waver on re-consenting was granted by the University

of Zambia Biomedical Research Authority, Lusaka, Zambia.

After 10 mls of the blood draw in EDTA tubes, samples were immediately centrifuged at

3000 rpm for 20 minutes to separate ~4 mls of serum for storage at -80˚C in two separate ali-

quotes. Saliva was collected using Salimetric swabs into SalivaBio Swab tubes (Salimetrics,

USA) and was transported to the laboratory in cool box with ice packs. To SalivaBio Swab

tubes containing a Salimetrics swab, 1 mL of antibody transport medium (containing 0.2%

Tween 20, 10% foetal bovine serum (FBS) and 0.7% antibiotic/anti-mycotic, in phosphate-

buffered saline, pH 7.2) was added, vortexed for 20 seconds and centrifuged at 3000 rpm for

about 10 minutes. After centrifugation, the processed saliva was recovered and stored at -80˚C

until testing for salivary arboviral antibody, IgG.

The ELISA assay on both baseline serum samples and saliva colleted at 1 year was con-

ducted as described previously [34,35]. Briefly, plates were coated with 2 μg/mL of antigen

diluted in PBS (coating buffer). 50 μL of the coating buffer was added to each well. All coated

plates remained at room temperature (RT) overnight and the next day, the plates were washed

6 times with PBS/0.05% Tween (PBS/Tween). The plates were then blocked by adding 300 μL

of Pierce Blocking Buffer to each well and allowing the plates to sit for 2h at RT. Sera were
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diluted 1:200 in PBS/Tween by adding 5 μl sera to 995 μl PBS/T. Previously tested positive sera

was used as positive control and PBS/Tween as a blank. After a 2 hour incubation, blocking

buffer was discarded and the plates were washed 6 times with PBS/0.05% Tween (PBS/Tween).

75 μL of the diluted sera were added to the wells in duplicate after which the plates were further

incubated at RT for 1 hour and later washed 6 times with PBS/Tween.

50 μL of Detecting Ab–Anti-Human IgG-alkaline phosphatase-conjugated antibody

(A3187-5ML) diluted 1/5000 in PBS/T (5 mL per plate + 1 μL Ab) was added to each well and

the plates incubated at RT for 1 hour. During this time, the substrate, para-Nitrophenylpho-

sphate (pNPP) was prepared by dissolving a 20 mg pNPP tablet in 20 mL of 1X diethanolamine

buffer in the dark at RT. 10 mL was required per plate. After the 1 hour incubation, plates were

washed 6 times with PBS/Tween and then 100 μL of the previously prepared pNPP substrate

was added to each well. The plates were incubated in the dark for 40 minutes at RT and anti-

body detection read at 405nm on a BioTeck Microplate Reader using Gen5 software. For the

exploratory assay, although serum gives a definitive titres reading, saliva and serum samples

were paired and diluted 1:5 by adding 20 μl saliva to 80μl PBS/Tween. The rest of the assay

steps were similar to that of serum.

Since our laboratory was setting up this type of an ELISA for the first time, we run external

quality assurance testing at the National Malaria Control Centre (NMCC) in Lusaka Zambia.

The NMCC has set up the qualitative, multiplex, polymerase chain reaction (PCR) based

Luminex x-TAG1 (Luminex Corporation, Austin TX, USA) for arboviruses. We selected

two positive and two negative samples for testing on this platform. Using the arbovirus based

PCR on Luminex, three of our samples (one high postive sample for Chikungunya, Zika and

Mayaro arboviruses and two negatives for all three) were correctly identified as reported on

ELISA. One sample that was moderately positive on ELISA was categorised as negative.

Outcomes

The primary outcome was sero-prevalence of antibodies against arboviruses. The secondary

outcome was correlation of specific IgG antibodies in saliva with serum.

Statistical analysis

We calculated sample size of 173 using cochrane’s formular based on reported prevalence of

Chingunya virus of 12.9% [36], 95% confidence interval and precision of ± 5%. We inflated

our sample size by a factor of 24% to account for contamination of blood samples, thus our

sample size was 214.

Social demographic characteristics of the participants were summarised using frequencies.

Violin plots were used to visualise the distribution of raw O.D measurements of antibodies for

each virus. We defined sero-prevalence as the proportion of participants with OD values above

a certain cut-off value, determined using finite mixture model. We assumed that the OD values

were a mixture of two lognormal distributions. One of the two distributions represents sero-

negative population and the other sero-positive population. We defined the cut off as the

mean log10OD of the log-normal distribution of the sero-negative population plus three stan-

dard deviation. We used Pearson’s chi-square or Fisher’s exact tests as appropriate to assess

association of sero-prevalence with social demographic characteristics. We used Peasrson’s

correlation to test for the strength of association between; serum OD values and saliva OD val-

ues and OD values of each virus against other viruses. A p-value of 0.05 or less was considered

to be statistically significant. All statistical analyses were performed in Stata 16 MP2 (Stata-

Corp, College Station, TX, USA).
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Ethical approval

Ethical approval for this study was approved through the University of Zambia Biomedical

Research Ethics Committee (Ref: 003-04-19), while the National Health Research Authority

provided the authorisation to conduct the study. The Zambia Medicines Regulatory Authority

were equally notified about the study. Written informed consent prior to initiation of study

procedures was sought from all participants in the parent study.

Results

Characteristics of participants

A total of 225 participants were recruited into the main study from October through Novem-

ber 2016. All gave consent for participating in the study during the massive vaccination against

cholera in the Lukanga swamps. Of these, 214 serum samples were available for testing IgG

antibodies against CHIKV, DENV, MAYV, and ZIKV arboviruses. Out of 214, 75% were

male, 25% were aged between 36–45 years (Table 1).

Sero-prevalence among participants

The median (IQR) optical density was 0.79(0.45–1.39), 0.46(0.35–0.64), 0.55(0.38–0.811), and

0.54(0.38–0.83) for Chikungunya, Zika, Dengue, and Mayaro viruses respectively (Fig 1). Of

the 214 participants included in the analysis, 79 (36.9%; 95% CI 30.5–43.8) were sero-positive

for Chikungunya; 23 (10.8%; 95% CI 6.9–15.7) for Zika, 36 (16.8%; 95% CI 12.1–22.5) for Den-

gue and 42 (19.6%; 95% CI 14.5–25.6) for Mayaro, (Table 1). The cut-off for sero-prevalence

were 1.01, 0.80, 0.94 and 1.0 for Chikungunya, Zika, Mayaro and Dengue viruses, respectively

(Fig 2).

Table 1. Sero-prevalence of antibody responses to aboviruses by baseline characteristics of participants.

n(%) of total Chikungunya Zika Dengue Mayaro

n(%) positive 95% CI n(%) positive 95% CI n(%) positive 95% CI n(%) positive 95% CI

Age (n = 213)

< 24 years 38(17.8) 11(29.0) 15.4–45.9 0(0.0) 0–9.3 6(15.8) 6–31.3 11(29.0) 15.4–45.9

24–35 years 58(27.2) 20(34.5) 22.5–48.1 8(13.8) 9.6–37.3 11(19.0) 9.9–31.4 10(17.2) 8.6–29.4

36–45 years 66(31.0) 25(37.9) 26.2–50.7 7(10.6) 7.7–34.3 10(15.2) 7.5–26.1 11(16.7) 8.6–27.9

45+ years 51(23.9) 22(43.1) 29.3–57.8 8(15.7) 9.6–37.3 9(17.7) 8.4–30.9 9(17.7) 8.4–30.9

Gender

Female 18(8.41) 4(22.2) 6.4–47.6 0(0.0) 0–18.5 2(11.1) 1.4–34.7 2(11.1) 1.4–34.7

Male 196(91.59) 75(38.3) 31.4–45.5 23(11.7) 7.6–17.1 34(17.4) 12.3–23.4 40(20.4) 15–26.7

Ocuppation

Farmer 8(3.7) 3(37.5) 17.12–75.5 1(12.5) 0.3–52.7 2(25.0) 3.2–65.1 0(0.0) 0–36.9

Fisher man/woman 148(69.2) 63(42.6) 34.49–51 20(13.5) 8.5–20.1 26(17.6) 11.8–24.7 33(22.3) 15.9–29.9

Trader 38(17.8) 7(18.4) 7.74–34.3 1(2.6) 0.1–13.8 7(18.4) 7.7–34.3 7(18.4) 7.7–34.3

Other 20(9.4) 6(30.0) 11.89–54.3 1(5.0) 0.1–24.9 1(5.0) 0.1–24.9 2(10.0) 1.2–31.7

Blood group

A+ 56(26.2) 21(37.5) 24.92–51.5 7(12.5) 5.2–24.1 10(17.9) 8.9–30.4 12(21.4) 11.6–34.4

AB+ 7(3.3) 1(14.3) 0.36–57.9 1(14.3) 0.4–57.9 0(0) 0–41 1(14.3) 0.4–57.9

B+ 43(20.1) 15(34.9) 21.01–50.9 2(4.7) 0.6–15.8 12(27.9) 15.3–43.7 9(20.9) 10.0–36.0

B- 5(2.3) 0(0.0) 0–52.21 0(0.0) 0–52.2 0(0.0) 0–52.2 0(0.0) 0–52.2

O+ 99(46.3) 39(39.4) 29.72–49.7 13(13.1) 7.2–21.4 14(14.1) 8–22.6 19(19.2) 12–28.3

O- 4(1.9) 3(75.0) 19.41–99.4 0(0) 0–60.2 0(0.0) 0–60.2 1(25.0) 0.6–80.6

Total 214 79(36.9) 30.5–43.8 23(10.8) 6.9–15.7 36(16.8) 12.1–22.5 42(19.6) 14.5–25.6

https://doi.org/10.1371/journal.pone.0235322.t001
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Fig 1. Violin Plot showing the median and distribution for Chikungunya, Zika, Dengue and Mayaro.

https://doi.org/10.1371/journal.pone.0235322.g001

Fig 2. Distribution of ODs for each arboviruses. Vertical lines indicate the cut-off value using finite mixture models at

mean OD+3SD of lower OD distribution.

https://doi.org/10.1371/journal.pone.0235322.g002
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Correlation of specific IgG antibodies in saliva with serum

For our saliva exploratory assay, we found that individuals with very high antibody titres in

serum were likely to have detectable amounts of antibodies in saliva (Fig 3). However, when

analysed statistically, very weak correlations were found between anti-arbovirus antibodies in

serum and saliva (Fig 3).

We also checked for multiple transmission or exposure to arboviruses among the tested

sera and found that in the presence of anti-Chikungunya antibodies, the probability of anti-

bodies to Zika (corr coeff. = 0.5) and or Mayaro (corr coeff. = 0.8) is high (Fig 4), and the

least being Dengue (corr coeff. = 0.3). Similarly, if Zika was isolated, the likelihood of finding

Mayaro antibodies is high (corr coeff. = 0.6) while Dengue antibodies (corr coeff. = 0.3) was

low (Fig 4). If Dengue was isolated, finding Mayaro is low (corr coeff. = 0.2) (Fig 4). About

90% of the MAYV positives were found to be CHIKV positive (S1 Table).

Discussion

We sreened individuals of high risk (mobile, cross boarder trade) and reported for the first

time results on past exposure to four arboviruses in our setting-Zambia. Although no epidem-

ics have been reported in the country, our study shows an ongoing arboviral activity in the

studied population. The prevalence data on CHIKV was in line with seroprevalence studies

conducted in other African countries such as Congo Brazzaville and Democratic Republic

of Congo in which an estimate of 34.4% and 24.6% respectively had been reported [37,38].

However, it was far higher than that found in Tanzania [39]. The discrepency observed can be

attributed to the diffecrences in study settings and or Tanzania gaining more control of the

mosquito to human transmission compared to Zambia. Also, differences could be attributable

to the use of different laboratory techniques and thresholds to define seropositivity.

Fig 3. Correlation of anti-arbovirus antibodies between serum and saliva.

https://doi.org/10.1371/journal.pone.0235322.g003
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A study by Liwewe et al., reported Dengue IgG seroprevalence as 4.1% from the Western

and North-western regions of Zambia [40]. This data is important and is indicative of environ-

mental suitability and continued transmission of arboviruses, given that the first case of

CHIKV was reported among people involved with fishing 58 years ago on the Copperbelt

Province [41]. Pierro and colleagues have also shown that antibodies against CHIKV especially

the IgG last longer and in certain cases over a year post exposure [42], while a study by Nitat-

pattana et al., demonstrated the presence of CHIKV antibodies 19 years post-exposure [43].

Other researchers equally reported similar findings regarding the persistence of the antibodies

in exposed individuals [44–47]. However, in our population, since no clinical data has been

collected, duration of these antibodies cannot be estimated and require further investigation.

Furthermore, it is unclear whether these antibodies would sufficiently protect individuals to

future infections as no functional assays have equally been done.

A commentary recommending the need for more work to be done that can lead to improved

arbovirus surveillance in Zambia have been published [48]. In addition, a review article by

Ndashe et al. reported some isolated cases of congenital microcephaly in Zambia and the possi-

bility that they could be linked to ZIKV [49]. We therefore postulate that an increase in human

interaction through globalization, trade and travel coupled with the presence of Aedes spp in

Northern and North-western province of Zambia possess greater risk of an Asian ZIKV out-

break in Zambia. Also despite the high cross border trade with back and forth movement of peo-

ple to Tanzania and the Democratic Republic of Congo where major outbreaks of CHIKV have

been previously reported as high [50,51], no specific efforts to track these diseases is in place.

Underpinning the lack of data is the virtually absent index of suspicion among practicing

clinician for these infections. Moreover, even if suspicion was made, there remains no means

of confirming diagnosis by the routine clinical laboratories in-country.

Fig 4. Correlations between anti-arbovirus antibodies in serum.

https://doi.org/10.1371/journal.pone.0235322.g004
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Our correlation data on the likelihood of finding exposure to more than one virus is strong

for CHIKV vs MAYV as well as ZIKV vs MAYV. Potentially, for CHIKV vs MAYV, we postu-

late that cross reactivity for both alphavirus could be the reason of the high correlation as the

proteins used were similar, with 55.3% identity (Clustal Omega alignment) and over 90% of

the MAYV postives were found to be CHIKV positive. For the remaining 10% of MAYV posi-

tives that were negative for CHIKV, a possibility of cross reactivity to E2 of other alphavirus

could be an explanation for the positivity. Nevertheless, one of the limitations of our study is

the lack of assessment of infection during the acute phase for confirmation of the virus pres-

ence. Neutralisation assays for various alphavirus could also provide further information to

support the conclusions of likelihood of cross reactivity between MAYV and CHIKV. With

regards to the proteins used for ZIKV (NS1) vs MAYV (E2), these are very different and there-

fore, the likelihood of finding responses to an alphavirus, in this case, to MAYV E2 in a person

suspected to have ZIKV infection is high. Our observations indicate that further studies of

seroprevalence, coupled with molecular detection and use of in vitro neutralisation assays are

necessary to understand virus transmission and support preparedness for potential outbreaks.

We also explored the use of saliva a less invasive test and noted a rather weaker correlation

statistically compared to what has been reported elsewhere [52,53]. This difference maybe

associated with the differences in sample collection time points as well as saliva being a little

more dilute than serum. However, we believe that saliva can still be considered for future

testing during acute infection especially in younger children. After exploring virus synergism

and or co-transmissions, it is apparent that co-infections are likewise common in Zambia as

reported elsewhere [54] and require tests that are highly sensitive and specific to clearly detect

individual viruses during infection. In addition, numerous important questions remain to be

answered though. For instance, it remains unknown whether the presence of multiple infect-

ing arboviruses within a patient impacts short-and/or long-term clinical outcomes. Cohort

studies adequately powered would be urgently required in order to fully evaluate the clinical

implications of co-infection and to understand the possible impact on congenital disease.

The study has some limitations worth mentioning. Because we tested for IgG antibodies,

we were not able to clearly determine disease burden report on current infection. That is, we

did not include kits to test for IgM. Thus, we might be missing out on serological indications

from infections that might have taken place in recent past. The timing of saliva and serum col-

lection were not matched during testing as saliva was only collected at one time point (one

year) in the parent study. Since we did not collect and speciate mosquitoes, we cannot firmly

conclude on the presence of arboviruses in central province. Future studies should include

children in order to report on correlation of the arboviruses to the recently reported cases of

microcephaly in Zambia as well participants with fever as this has been recorded among the

main complaints of patients diagnosed with arboviral infection [39]. Finally, an important

consideration is that we were not able to run RT-PCR or sequencing assays to report on actual

virus presence or spread of MAYV to other parts of Africa, as we have considered that MAYV

circulation has only been reported in the Americas [55,56].

Conclusion

Our findings indicate that the use of simple tecnhiques for sero-prevalence studies can provide

an initial view on the exposure to arboviruses by humans and circulation in endemic regions

in Zambia. We consider that there is a need to strengthen surveillance activities on arboviral

infections in the country applying further techniques to deepen our understanding of the epi-

demiology of arboviruses circulating in humans and ultimately strengthening clinical support

to infected people. As Aedes aegypti mosquitoes have clearly spread to many parts of Africa
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including Zambia, our study highlights the importance to set up routine diagnostic capacities

countrywide.

Recommendation

An urgent need remains for improved surveillance in Zambia for tracking active infection and

source for development of better control and prevention strategies. Consequently, this would

link some cases of congenital microcephaly to specific arboviruses. Future studies should

also consider including infants and children under 5 to assess for possible transmission of the

viruses during pregnancy from infected mothers especially for countries with a high burden of

CHIKV.
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17. Mlakar J, Korva M, Tul N, PopovićM, Poljšak-Prijatelj M, Mraz J, et al. Zika Virus Associated with Micro-

cephaly N Engl J Med 2016; 374:951–958. https://doi.org/10.1056/NEJMoa1600651 PMID: 26862926

18. Heukelbach J, Alencar CH, Kelvin AA, de Oliveira WK, Pamplona de Góes Cavalcanti L (2016) Zika
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