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Abstract.

Although Wuchereria bancrofti (Wb), the causative agent of lymphatic filariasis, is endemic throughout Mali, the
prevaence of Wb microfilaremia (Mf) can vary widely between villages despite similar prevalence of infection as
assessed by circulating antigen. To examine this variation, cross-sectional data obtained during screening prior to an
interventional study in two neighboring villagesin Mali were analyzed. The overall prevalence of Wb, as assessed
by Wb Cag (circulating antigen), was 50.3% among 373 participants, aged 14-65. Wb Mf-positive and negative
individual s appeared randomly distributed across the two villages (Moran’s | spatial statistic = -0.01, Z score=0.1,
P > 0.05). Among the 187 subjects positive for Wb CAg, 117 (62.5%) had detectable Mansonella perstans
microfilaremia (Mp Mf) and 64(34.2%) had detectable Wb microfilaremia. The prevalence of Mp microfilaremia
was 73.4% in the Wb Mf-positive group (as compared to 56.9% in the Wb Mf-negative group; p = 0.01), and
median Wb Mf load was increased in co-infected subjects (267 Mf/ml vs 100 Mf/ml; p<0.001). In multivariate
analysis, village of residence, Mp Mf positivity and gender were significantly associated with Wb Mf positivity.
After controlling for age, gender and village of residence, the odds of being Wb Mf positive was 2.67 times higher
in Mp positive individuals (95% CI [1.42-5.01]). Given the geographical overlap between Mp and Wh in Africa, a
better understanding of the distribution and prevalence of Mp could assist national LF control programsin
predicting areas of high Wb mf prevalence that may require closer surveillance.

INTRODUCTION

Lymphatic filariasis (LF) is achronic neglected tropical disease that is endemic in 72
countries worldwide, including Mali.** Lymphatic filariasis is associated with significant
morbidity due primarily to lymphedema and hydrocele™* and has been targeted by the World
Health Organization and its partners for elimination by 2020." The strategies for elimination are
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based on two pillars, community-based mass drug administration (MDA) to interrupt
transmission through clearance of microfilaremia (Mf) over the lifespan of the adult worms (~6
years) and morbidity management (hydrocele and lymphedema).* Known risk factors for
Wuchereria bancrofti (Wb) infection include environmental ,>* sociocultural, and demographic
(age and gender) factors.>® For example, in Mali, the prevalence of Wb circulating antigen (Wb
CAQg), amarker of active infection, ranged from 18.6% in the south to 1% in the north, the latter
being desertous and thereby ecologically less suitable for Wb transmission.” These factors affect
endemicity and thusimpact control programs.

Microfilaremiais the main factor that drives the endemicity level in agiven areaand can be
used as a surrogate for transmission assessment before and during MDA. By definition, if
microfilariae (mf) are found in the peripheral blood, fertile adults must be viable and drug
distribution must continue if transmission is to be interrupted.®® Factors other than drug coverage
may have an impact on Wb Mf load and thereby alter the efficacy of MDA at the individual or
community level. These factors include spatial clustering, coincident infection with other
organisms, bed net use and occupation.®™* To determine the effect of these factors on Wb
prevalence and Mf levels within a single transmission area, data obtained before an
interventional study™ in two neighboring villages (Tieneguebougou and Bougoudiana) were
compared.

METHODS

Study sites.

The study was conducted in the villages of Tieneguebougou and Bougoudiana, ~ 105 km
northwest of Bamako, Mali (Figure 1). These villages are not endemic for onchocerciasis. They
are in anorthern savannah area with an average annual rainfall of 589.4 mm. The total
population at the time of the data collection was 1,945 for Tieneguebougou and 991 for
Bougoudiana.

Ethical considerations.

The study was approved by both the ethical review committee of the Faculty of Medicine,
Pharmacy, and Dentistry at the University of Bamako (Bamako, Mali) and the Institutional
Review Board of the National Institutes of Allergy and Infectious Diseases (Bethesda, MD).
Before the launch of the study, community permission was obtained from village elders after a
series of explanatory meetings. Individual written informed consent was obtained from all
subjects (or from legal guardians for subjects less than 18 years of age).

Study design.

A cross-sectional study design was used to obtain data as part of the screening for
participation in an interventional study of MDA dosing regimens (NCT00339417).%? All study
activities were conducted at the primary school in Tieneguebougou or in two rooms provided by
the chief of the village in Bougoudiana. Consenting participants underwent an extensive history
and physical examination and blood collection. Data collected included demographics, related
signs and symptoms of Wh infection, previous participation in MDA campaigns, and bed net
utilization.
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Parasitologic testing.

Wuchereria bancrofti infection was defined by the presence of Wb Mf on a calibrated thick
smear of blood collected between 10 pv and 2 am™ or a positive test for circulating Wb Ag
(TropBio, Townsville, Australia) by ELISA.* For each participant, three Giemsa-stained slides,
each containing 20 uL of whole blood collected at night, were examined for the presence of Mf.
Counting of Wb and Mansonella perstans (Mp) Mf was performed microscopically at x40
magnification. Speciation was confirmed based on size and morphology at x100 magnification
under oil-immersion. Each slide was read by two independent readers. A third reader was used to
resolve discrepancies of > 10%. The fina parasite load reported for each participant was the
average of the Mf counts obtained. Wuchereria bancrofti CAg was detected in serum by ELISA
(TropBio) based on the manufacturer’s protocol. A value of > 32 Units/mL was considered
positive.

Mapping and spatial analysis.

The geographical coordinates (latitude and longitude) of each participant’s household were
determined using a GPS device. To examine the magnitude and geographical distribution of Wh
Mf load throughout the two villages, the household coordinates and all related data were
compiled in a database and mapped using the geographic information system (GIS) software
ArcGIS 9.2 (Esri, Redlands, CA). Spatial analysis of Wb load was examined using ArcGIS
Spatia Analyst and statistics tools (Esri).

Statistical analysis.

Unless stated otherwise, medians were used to describe central tendency. Differences
between groups were assessed using the Mann-Whitney U test. Bivariate analyses was
performed to explore the associations between Wh infection and each of the other variables
including Mp infection, prior participation in MDA, the use of bed nets, age, gender, and villages
of residence. Logistic regression was then performed to control for confounding factors. In this
logistic regression, Wb Mf infection was the outcome of measure and Mp infection primary risk
factor with age, gender, and village of residence as secondary cofactors. Spearman correlation
was used to measure the relationship between two continuous variables. The Moran’'s | statistic
was used to test for spatial autocorrelation patterns, that is, clustered, dispersed, and random.

RESULTS

Of the 372 individuasincluded in the analyses, atotal of 187 (50.27%) were Wb positive
based on Wh CAg testing. Wuchereria bancrofti Mf were detectable in blood from 64 of the 187
CAg-positive subjects (34.22%) (Table 1). There were few differences between the CAg-positive
groups and CAg-negative groups, with the exception of age (45.5 yearsin the CAg-positive
group versus 29 years in the CAg-negative group, P = 0.007) (Table 1) and Mp infection
prevalence (62.56% in the CAg-positive group versus 56.9% in the CAg-negative group, P =
0.0002). The prevalence of Mp Mf was also increased in the Wb Mf+ group (73.4%) compared
with the Wb Mf- group (56.9%) (P = 0.001, Fisher’s exact test) (Table 1). In contrast, gender
distribution, median age, participation in either of the two previous MDA campaigns in the study
villages, and bed net use were comparabl e between Wb Mf+ and Wb Mf— individuals (Table 1).

Page 3 of 13



In univariate and multivariate analysis, Mp status and village of residence were identified as
significant risk factors for the presence of Wb Mf. Not only was Wb Mf load significantly
increased in the Wb+ Mp+ coinfected group as compared with the Wh+ Mp— monoinfected group
(P = 0.0002, Mann—Whitney U test) (Figure 2), but there was a significant positive correlation
between Wh and Mp Mf levelsin coinfected subjects (P < 0.001, r = 0.25, Spearman correlation)
(Figure 3). The geometric mean Wb Mf level in Tieneguebougou (2.45 mf/mL; 95% confidence
interval [Cl]: [1.45; 3.77]) was increased compared with that in Bougoudiana (0.17 mf/mL; 95%
Cl: [0.34-1.15]) (P < 0.001). In contrast, the geometric mean Mp levels were comparable in the
two villages (11.11 mf/mL; 95% CI: [7.33; 16.59] in Tieneguebougou and 12 mf/mL; 95% ClI:
[7.91; 17.96] in Bougoudiana) (P = 0.76). After controlling for age, gender, and village of
residence, the odds of being Wb Mf positive was ~ 3 times greater if Mp Mf positivity was also
present (OR = 2.67 95% CI: [1.62-5.36]) (Table 2).

Despite comparable infection rates (as assessed by CAg positivity in Tieneguebougou and
Bougoudiana 55.4% (107/195) and 44.9% (80/178), respectively; P = 0.05 Fisher’s exact test),
village of residence was also significantly associated with Wb Mf status (OR = 2.52 [1.41-4.51]).
This association was not due to differencesin Mp Mf, age, gender, or bed net use between the
two study villages (Table 3). Moreover, there was arelatively even distribution of Wb Mf
positivity across the two villages studied with 23.2% (45/149) versus 10.7% (19/159) Wb Mf
positive, respectively, and geospatial analyses failed to detect any systematic spatial association
between Mf-positive and Mf-negative individuals (Moran’s | spatial statistic; M1 =-0.01, Z
score= 0.1, P > 0.05) (Figure 4). Although antifilarial drug use was not identified as arisk factor
for Wb Mf positivity in the univariate or multivariate analyses, there was a small but statistically
significantly higher frequency of antifilarial drug use in Bougoudiana (59.5% versus 47.4% in
Tieneguebougou; P = 0.02) (Table 3).

DISCUSSION

Understanding the factors that affect Wb Mf at the individual and local levels can help
identify regions within an endemic district that are likely to have higher local transmission and
may require closer surveillance. The present study examined some of these factorsin two
neighboring villages in an area endemic for Wb with an overall CAg prevalence of > 50%.
Despite similar infection prevalences (rates of Wh CA(g positivity) between the two villages, Wb
microfilarial prevalences were significantly different, suggesting arole for factors other than
ecology in Wb Mf prevalencein this setting. Whereas village of residence, Mp Mf positivity, and
age > 38 years were significantly associated with Wb mf positivity in univariate analysis, only
Mp Mf and village of residence remained significant in multivariate analysis. Gender was not a
significant risk factor for Wb Mf positivity in univariate analysis but proved significant in the
multiv%rilgte analysis, consistent with prior data demonstrating an increased prevalence of Mf in
males.™

An association between Wh infection and Mp Mf at the individual level was reported
previously in a different region of Mali'’ but not seen in asimilar study in Uganda.* The reason
for this discrepancy may be the presence of different strains of Mp in different parts of Africa, as
was suggested in studies from Kenya.*®* |n fact, the Uganda Mp strains appear to have lost the
Wolbachia endosymbiont, whereasin Mali, Gabon, and Cameroon, Mp has been demonstrated to
contain Wolbachia, both directly by PCR and indirectly as evidenced by treatment response to
doxycycline
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In the present study, Wb Mf load was increased in subjects with concomitant Mp infection
and correlated with Mp Mf load at the individual level. A positive association between Mp and
Wb Mf densities was also reported in the Ugandan study.* Similar relationships have been seen
in other filarial coinfections, including loiasis and onchocerciasis,? suggesting common
regulatory mechanisms controlling microfilarial numbers between species.

Because both Mp and Wb are spread by insect vectors that bite unprotected skin, inhabitants
of endemic areas who engage in activities that put them at increased risk for vector bites are at
high risk of acquiring both Wb and Mp infection.* This could lead to clustering of infection, as
has been described in LF.*® Although Moran’s | spatia statistic failed to detect significant spatial
correlation or clustering between Mp and Wh in this study, this could have been due to the
relatively small sample size.

Surprisingly, neither Wh infection rates nor Mf density were significantly reduced by prior
MDA-based antifilarial drug treatment or bed net use, which has been shown to synergize with
MDA in eliminating LF."” Nevertheless, the significantly increased history of MDA participation
in Bougoudiana as compared with Tieneguebougou is consistent with arole for antifilarial drug
therapy in reducing Wb Mf levels at the community level. The lack of significancein the
univariate and multivariate analysis may be due to the relatively small impact of two MDA
rounds on LF Mf, as observed in a previous study in a highly endemic areain Mali where as
many as six MDA rounds were required to decrease LF Mf to the recommended threshold levels
for elimination.?®

In conclusion, in multivariate analysis, Wb Mf was associated with the village of residence,
the presence of Mp Mf, and gender in two neighboring rural villagesin Mali. Given the
geographical overlap between Mp and Wb in Africa,'® a better understanding of the distribution
and prevalence of Mp could assist national LF control programsin predicting areas of high Wb
mf prevalence that may require closer surveillance.

Received November 20, 2017.
Accepted for publication March 13, 2018.
Acknowledgments:

We are grateful to the villagers of Tieneguebougou and Bougoudiana who participated in this study. We specially
thank the Kolokani local health workers, the inhabitants, and authorities of Nonkon health center for their
collaboration.

Financia support: This study was funded by the Division of Intramural Research, NIAID, NIH.

Authors' addresses: Housseini Dolo, Yaya Ibrahim Coulibaly, Siaka Y amoussa Coulibaly, Lamine Soumaoro, Michel Emmanuel
Coulibaly, Salif Seriba Doumbia, Abdallah Amadou Diallo, and Sekou Fantamady Traore, Filariasis Unit, Faculty of Medicine
and Odontostomatology, International Center of Excellence in Research, Bamako, Mali, E-mails: hdolo@icermali.org,
yicoulibay@icermali.org, yamoussa@icermali.org, soumla@icermali.org, michou@icermali.org, salifdoumbia@icermali.org,
adaxe@icermali.org, and cheick@icermali.org. Louise Kelly-Hope, Department of Parasitology, Centre for Neglected Tropical
Diseases, Liverpool School of Tropical Medicine, Liverpool, United Kingdom, E-mail: louise.kelly-hope@lstmed.ac.uk. Siaka
Konate, Comité International de la Croix-Rouge (CICR), Kinshasa, République Démacratique du Congo, E-mail:
Kiforo2002@yahoo.fr. Benoit Dembele, Neglected Tropical Diseases Programme, Helen Keller International, Bamako, Mali, E-
mail: dbenedictus@hotmail.com. Dramane Sanogo, Division Santé, Maladies Tropicales Negligées, Direction Regionale de la
Santé, Sikasso, Mali, E-mail: dramanedabas@yahoo.fr. Robert Colebunders, Faculty of Medicine and Health Sciences, Global
Hedlth Institute, University of Antwerp, Antwerpen, Belgium, E-mail: robert.colebunders@uantwerpen.be. Thomas B. Nutman
and Amy D. Klion, Laboratory of Parasitic Diseases, National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD, E-mails: tnutman@niaid.nih.gov and aklion@niaid.nih.gov.

Page 5 of 13



REFERENCES

<eref>1. World Health Organization, 2016. WHO | Lymphatic Filariasis. Geneva, Switzerland:
WHO. Available at: www.who.org/filariasis. Accessed January 26, 2017.</eref>

<jrn>2. Cano Jet a., 2014. The global distribution and transmission limits of lymphatic
filariasis: past and present. Parasit Vectors 7: 466.</jrn>

<jrn>3. Stanton MC, Best A, Cliffe M, Kelly-Hope L, Biritwum N-K, Batsa L, Debrah A, 2016.
Situational analysis of lymphatic filariasis morbidity in Ahanta West District of Ghana. Trop
Med Int Health 21: 236-244.</jrn>

<jrn>4. Stensgaard A-Set al., 2016. Ecological drivers of Mansonella perstansinfectionin
Uganda and patterns of co-endemicity with lymphatic filariasis and malaria. PLoS Negl Trop
Dis 10: e0004319.</jrn>

<jrn>5. Chesnais CB, Missamou F, Pion SD, Bopda J, Louya F, Magewski AC, Fischer PU,
Weil GJ, Boussinesg M, 2014. A case study of risk factors for lymphatic filariasisin the
Republic of Congo. Parasit Vectors 7: 300.</jrn>

<jrn>6. Boyd A, Won KY, McClintock SK, Donovan CV, Laney SJ, Williams SA, Pilotte N,
Streit TG, Beau de Rochars MVE, Lammie PJ, 2010. A community-based study of factors
associated with continuing transmission of lymphatic filariasis in Leogane, Haiti. PLoS Negl
Trop Dis 4: e640.</jrn>

<jrn>7. Dembélé M et al., 2012. Implementing preventive chemotherapy through an integrated
national neglected tropical disease control programin Mali. PLoSNegl Trop Dis 6:
el574.</jrn>

<jrn>8. Richards FO et al., 2011. Epidemiological and entomological evaluations after six years
or more of mass drug administration for lymphatic filariasis elimination in Nigeria. PLoS
Negl Trop Dis5: €1346.</jrn>

<jrn>9. Slater H, Michael E, 2013. Mapping, bayesian geostatistical analysis and spatial
prediction of lymphatic filariasis prevalence in Africa. PLoS One 8: €71574.</jrn>

<jrn>10. Reimer LJ et a., 2013. Insecticidal bed nets and filariasis transmission in Papua New
Guinea. N Engl J Med 369: 745-753.</jrn>

<jrn>11. Kelly-Hope LA, Molyneux DH, Bockarie MJ, 2013. Can malaria vector control
accelerate the interruption of lymphatic filariasis transmission in Africa; capturing a window
of opportunity? Parasit Vectors 6: 39.</jrn>

<jrn>12. Dembele B et al., 2010. Use of high-dose, twice-yearly albendazole and ivermectin to
suppress Wuchereria bancrofti microfilarial levels. Clin Infect Dis51: 1229-1235.</jrn>

<jrn>13. Onapa AW, Simonsen PE, Pedersen EM, Okello DO, 2001. Lymphatic filariasisin
Uganda: baselineinvestigationsin Lira, Soroti and Katakwi districts. Trans R Soc Trop Med
Hyg 95: 161-167.</jrn>

<jrn>14. Watta S, Dhariwal AC, Ralhan PK, Tripathi VC, Regu K, Kamal S, Lal S, 2007.
Evaluation of Og4C3 antigen ELISA asatool for detection of bancroftian filariasis under
lymphatic filariasis elimination programme. J Commun Dis 39: 75-84.</jrn>

Page 6 of 13



<jrn>15. Grove DI, VaezaFS, CabreraBD, 1978. Bancroftian filariasisin a Philippine village:
clinical, parasitological, immunological, and social aspects. Bull World Health Organ 56:
975-984.</jr>

<jrn>16. Pani SP, Balakrishnan N, Srividya A, Bundy DA, Grenfell BT, 1991. Clinical
epidemiology of bancroftian filariasis: effect of age and gender. Trans R Soc Trop Med Hyg
85: 260-264.</jrn>

<jrn>17. Keiser PB et d., 2003. Clinica characteristics of post-treatment reactions to
ivermectin/albendazol e for Wuchereria bancrofti in aregion co-endemic for Mansonella
perstans. Am J Trop Med Hyg 69: 331-335.</jrn>

<jrn>18. Simonsen PE, Onapa AW, Asio SM, 2011. Mansonella perstans filariasisin Africa.
Acta Trop 120: S109-S120.</jrn>

<jrn>19. Uttah E, Ibeh DC, 2011. Multiple filarial species microfilaraemia: a comparative study
of areas with endemic and sporadic onchocerciasis. J Vector Borne Dis 48: 197-204.</jrn>

<jrn>20. Coulibaly Y1 et al., 2009. A randomized trial of doxycycline for Mansonella perstans
infection. N Engl J Med 361: 1448-1458.</jrn>

<jrn>21. Keiser PB, Coulibaly Y, Kubofcik J, Diallo AA, Klion AD, Traoré SF, Nutman TB,
2008. Molecular identification of wolbachiafrom the filarial nematode Mansonella per stans.
Mol Biochem Parasitol 160: 123-128.</jrn>

<jrn>22. Pion SDS, Clarke P, Filipe JAN, Kamgno J, Gardon J, Basafiez M-G, Boussinesqg M,
2006. Co-infection with Onchocerca volvulus and Loa loa microfilariae in central Cameroon:
are these two speciesinteracting? Parasitology 132: 843-854.</jrn>

<jrn>23. Coulibaly Y1 et a., 2015. The impact of six annual rounds of mass drug administration
on Wuchereria bancrofti infections in humans and in mosquitoesin Mali. Am J Trop Med
Hyg 93: 356-360.</jrn>

FIGURE 1. Map of Koulikoro district with the two study villages indicated by black dots. The inset shows the
location of the district (depicted by a black square) within the country of Mali. This figure appearsin color at
www.gtmh.org.

FIGURE 2. Wuchereria bancrofti (Wh) load among Mansonella perstans (Mp)-negative and Mp-positive subjects.
Gray dot: Wb microfilaremia (Mf) for each monoinfected. Black dot: Wb Mf for each monoinfected.

FIGURE 3. Correlation between Mansonella perstans and Wuchereria bancrofti microfilaremia loads within study
subjects.

FIGURE 4. Geographic distribution of Wuchereria bancrofti antigen (Wb Ag) and Mansonella perstans (Mp). (A)
Spatia distribution of Wh Ag with gray dot the positive and white dot the negative, (B) spatia distribution of Wh
microfilaremia (Mf) with gray dot the positive and white dot the negative, and (C) spatial distribution of Mp Mf
with gray dot the positive and white dot the negative.

TABLE 1
Characteristics of the study population
Wh infected (CAg+) Wh uninfected (CAg-)
(N =187) (N =185)
Mf+(N=64) [ Mf-(N= | Pvaluest CAg- (N= | Pvaluest

Page 7 of 13



123) 185)
Median age (range) 45,5 (14-64) 41 (14-65) 0.33 29 (14-77) 0.007
Male 47 (73.4%) 76 (61.8%) 0.07 112 (60.5%) 0.17
Tieneguebougou 45 (70.3%) 62 (50.4%) 0.01 87 (47%) 0.06
Bed net owner 27 (42.2%) 44 (35.8%) 0.2 65 (35.1%) 0.32
Antifilarial drug uset 30 (46.9%) 69 (56.1%) 0.1 99 (53.5%) 0.49
Mp positive 47 (73.4%) 70 (56.9%) 0.01 79 (42.7%) <0.001

CAg = circulating antigen; Mf = microfilaremia; Mp = Mansonella perstans; Wb = Wuchereria bancrofti.

* Wb mf positive vs. microfilariae negative.
T Wh-infected (CAg+) vs. Wh-uninfected (CAg-) subjects.
F Albendazole and ivermectin treatment during at least one of the two prior mass drug administration.

TABLE 2

Risk factors associated with Wuchereria bancrofti microfilaremiain Tieneguebougou and Bougoudiana

Variables Category Univariate analysis Multivariate analysis
Crude OR [95% CI] | Pvalues | Adjusted OR[95% CI] | P values

Coinfection Mp negative Ref.

Mp positive 2.95[1.62-5.36] < 0.001 2.67[1.42-5.01] 0.0021
Age > 38 years Ref.

< 38 years 1.80[1.03-3.13] 0.035 1.84[0.99-3.42] 0.0522
Gender Male Ref.

Female 1.76 [0.96-3.21] 0.061 0.47[0.24-0.91] 0.0257
Village Tieneguebougou Ref.

Bougoudiana 2.52[1.41-4.51] 0.001 2.69[1.48-4.91] 0.0012
Protection measure | No bed net owner Ref.

Bed net owner 1.33[0.76-2.30] 0.304

No antifilarial drug use* Ref.

Antifilarial drug use* 0.73[0.42-1.26] 0.263

Cl = confidence interval; Mp = Mansonella perstans.

* Albendazole and ivermectin treatment during at least one of the two prior mass drug administration.

Risk factors distribution by village

TABLE 3

Tleneguelkg)dggou (N= Bougoudiana(N = 178) | P values
Median age (range) 37 (14-65) 38.5 (14-65) 0.45*
Male 126 (64.9%) 109 (61.2%) 0.51f
Bed net owner 65 (33.5%) 71 (39.8%) 0.23t
Antifilarial drug uset 92 (47.4%) 106 (59.5%) 0.021
Mp positive 101 (52.1%) 96 (53.9%) 0.75t

Mp = Mansonella perstans.

Page 8 of 13




* Mann-Whitney U test.
T Fisher’ s exact test.

T Albendazole and ivermectin treatment during at least one of the two prior mass drug administration.
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