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Abstract
Background

Tsetse �ies (Diptera: Glossinidae) transmit trypanosomiasis (sleeping sickness in humans and nagana in
livestock). Several studies have indicated that the age, sex, site of capture, starvation and microbiome
symbionts, among others, are important factors in�uencing trypanosome infection in tsetse �ies.
However, reasons for a higher infection rate in females than in males still largely remain unknown. As
species and sexes of tsetse �ies of larger body size are the most mobile and the most available to
stationary baits, it was hypothesized in this study that, the higher trypanosome prevalence in female than
in male tsetse �ies was because females were larger than males.

Materials and methods

Black screen �y rounds and epsilon traps were used to collect tsetse �ies in eastern Zambia. Wing vein
length was measured and the presence of trypanosomes was examined by microscopy. Principal
component method was carried out to determine which variables had potential to be used as predictor
variables. The multilevel binary logistic regression method was applied on whole data, one-method data
and one-sex data sets to evaluate the hypothesis.

Results

A total of 2,195 Glossina m. morsitans data were evaluated (1,491 and 704 males and females,
respectively). The wing length variable contributed the highest variance percentage (39.15%) to the �rst
principal component. The wing length variable showed signi�cant in�uence on prevalence of
trypanosomes when the whole data set was analyzed. The log odds for the prevalence of trypanosomes
signi�cantly increased by 0.123 (p = 0.032), per unit increase in wing length. Moreover, moving from
females to males, wing length signi�cantly reduced by 0.150 (p < 0.0001) and females had higher
trypanosome prevalence rates than males, though not always signi�cant.

Conclusion

Wing length is an important determinant factor for trypanosome prevalence in G. m. morsitans and could
partially explain the higher prevalence of trypanosomes in females than in males. To verify this status,
however, it’s clear that, reasonably representative population data is required for analysis – a serious
challenge with the current tsetse sampling methods. Nonetheless, analysis of combined data from
mobile and stationary methods that includes both sexes data, could verify the status.

Background
Tsetse �ies (Diptera: Glossinidae) transmit trypanosomiasis, a Neglected Tropical Disease (NTD), [1].
Sampling of tsetse �ies, and examination of trypanosomes within them is a pre-requisite for studies on
demography, biometrics, genetics, epidemiology, diagnostics and therapeutics, in relation to management
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of trypanosomiasis. Sampling tsetse �ies involves the use of stationary and/or mobile techniques. These
techniques are known to display inherent biases towards certain sections of populations e.g. towards
particular species, sex, age group and pregnancy stage [2, 3, 4]. For example, stationary traps are known
to sample more Glossina. pallidipes than G. morsitans; more females than males; and more old than
young �ies, whereas mobile methods (such as “�y rounds”) are known to sample more G. morsitans than
G. pallidipes; more males than females and more young than old �ies [2, 4]. Stationary methods (trap
devices) are known to sample more of the larger than the small �ies [5]. In a study by Hargrove [2], age
structures determined from samples of tsetse �ies caught using different methods differed signi�cantly
in six out of ten pair comparison in Glossina m. morsitans and in all ten pair comparisons in G. pallidipes,
and the differences were attributed to increased �ight activity with age. Some studies have been carried
out to identify factors that in�uence trypanosome infection in tsetse �ies. Factors that in�uence infection
include age [6], sex and site of capture [7], starvation [8], microbiome symbionts [9, 10] among others.

As species and sexes of tsetse �ies of larger body size are the most mobile [11] and are also the most
available to stationary baits [12], it was hypothesized in this study that, the higher trypanosome
prevalence in female than in male tsetse �ies described in Glossina pallidipes [13] and in G. p. palpalis, G.
tachinoides and G. m. submorsitans [7] was because females were on average larger than males
although the smallest females are smaller than the largest males [14]. However, in laboratory bred G. m.
morsitans, infection rates of Trypanozoon spp. in salivary glands were shown to be higher in males than
in females [15, 16]. Considering that body size was shown to have an in�uence on mobility, this study
was conducted to investigate whether body size, had an in�uence on prevalence of trypanosomes in
tsetse �ies.

Materials And Methods
The data used in this study was collected in eastern Zambia during a study on the status of tsetse
populations and epidemiology of trypanosomiasis in areas of varying degrees of habitat fragmentation
[17]. The description of the study area, methods used to sample tsetse populations and laboratory
examinations of tsetse �ies, were described in previous studies [5, 18, 19].

In brief, sampling of tsetse �ies was carried out monthly for one year from four sites of varying levels of
habitat fragmentation [19]. The degree of fragmentation increased in the order Lusandwa, Zinaka,
Chisulo and Kasamanda study sites [18, 19]. The shortest and longest distance apart between study sites
were 10 km and 30 km, respectively. Tsetse density increased as degree of fragmentation reduced [18].
Black screen �y rounds [20] and epsilon traps [21] were used to sample tsetse populations. Collected
tsetse �ies were sorted for sex, examined for trypanosome infection by microscopy [22], had their right
wing vein length measured [23], females were dissected for ovarian ageing [24] and wing fray was
assessed for ageing purposes in males [25].

Data analysis
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Although two tsetse species (G. m. morsitans and G. pallidipes) were collected in the study [19], only G.
m. morsitans data, from both sampling methods (�y rounds and epsilon traps), was subjected to the
analyses. Very few G. pallidipes were collected and not at all the sites. Data from Kasamanda site was
not used, as few �ies of both species were caught in the site. In the analyses, data from the three sites
considered (Chisulo, Lusandwa and Zinaka) was pooled.

In analysis of the in�uence of wing length on prevalence of trypanosomes in G. m. morsitans, the data
used was from all �ies examined for presence of trypanosomes and also had their right- wing length
measured as well - the measurement of the left wing was used where the right-wing measurement was
missing. Three types of data sets that differed in inclusiveness of variables of interest were analyzed.
Firstly, was wing length data from both sampling methods (i.e. �y rounds and traps - pooled) and from
both sexes, here-in referred to as the “Whole data set”. Secondly, was wing length data from only one
method (i.e. either �y round or trap) but both sexes data included, here-in referred to as “One-method
data” and lastly, data from one sex (i.e. either males or females) but both methods or one method data
analyzed, herein referred to as “One-sex data”.

Because the data were clustered in study sites, multilevel binary logistic regression analysis was used for
analysis using study site as a random variable. Permutation logistic regression models on prevalence of
trypanosomes were run for the different data sets. The predictor variables used included method, season,
sex and wing vein length (herein referred to as wing length). The variable wing length was standardized
prior to analysis.

The likelihood ratio test was carried out to compare models.

The variable in�ation factor (VIF) was calculated to check for multicollinearity among the various model
variables. Predictor variables with VIF values greater than 5 were considered to have multicollinearity
issues i.e. they made the model less able to explain the relationship between the response and predictor
variables.

The principal component method, Multiple Factor Analysis [26] in particular, was carried out to determine
how much variance each predictor variable contributed to the �rst principal component as a way to tell
whether a variable was a potential predictor. Variables that contributed most variance to the �rst principal
component were considered potential predictors [27]. The sample size used in each model was checked
for su�ciency for use in logistic regression analysis using methods of Bujang et al [28] and Peduzzi et al
[29]. The R statistical software [30] was used in the analysis.

Results

Numbers of �ies collected and infected
A total of 2,375 G. m. morsitans had their wing vein length measured and 2,464 were dissected for
trypanosome infection examination out of which 2,195, were used in multilevel binary regression and
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principal component analyses - 1,491 and 704 males and females, respectively (Table 1).

Wing length and prevalence of trypanosome infection
As shown in Figure 1, the Lusandwa site recorded the longest mean wing length in the females (1.75 mm)
whilst Chisulo site had the longest mean wing length in the male �ies (1.58 mm). The mean wing length
of the females and males were such that the females had signi�cantly longer mean wing length than
males at Lusandwa and Zinaka, t = 27.41 and 31.77, respectively (p < 0.0001). No signi�cant difference
was observed between the mean wing length in females and males in the Chisulo site, t = 0.39 (p =
0.717). With regard to prevalence of trypanosomes, except for traps results in Zinaka (red box), female
�ies had higher prevalence than male �ies at all study sites and sampling methods, (Figure 2). The
difference in prevalence was signi�cant between those of male and female �ies caught from �y rounds in
Zinaka and those of counterpart sexes at Chisulo and Lusandwa as evidenced by the non-overlapping
95% con�dence intervals.

Multilevel binary logistic regression analysis
The multilevel binary logistic regression results showed that, the wing length variable was an important
predictor of the prevalence of trypanosomes in G. m. morsitans. However, it was observed that the wing
length variable showed signi�cant in�uence on prevalence of trypanosomes in some permutation models
of only the whole data set and those models did not have the sex variable as one of the predictors. In the
permutation model where the wing length variable had the strongest in�uence on prevalence of
trypanosomes, i.e. the one that had method, season and wing length as predictor variables, it was
observed that per unit increase in wing length, the log odds for the prevalence of trypanosomes
signi�cantly increased by 0.123 (p = 0.032), model 1c (Table 2). The model with season and wing length
as the only predictors had the weakest but signi�cant in�uence on prevalence of trypanosome, per unit
increase in wing length, the log odds signi�cantly increased by 0.106 (p = 0.037 - data not shown). In
analysis of permutation models for one-method data set, i.e. �y round data set, it was observed that per
unit increase in wing length, there too was an increase in log odds, as shown in a representative model 2c
by 0.124, however, this increase was not signi�cant (p = 0.069). No logistic regression analysis was run
on trap-only data because the sample size of 224 was lower than the minimum of 250 required for the
regression analysis. The wing length variable did not show signi�cant in�uence on prevalence of
trypanosomes in all other permutation models of other data sets that had su�cient sample sizes for
analysis.

The sex variable also showed signi�cant in�uence on prevalence of trypanosomes including when the �y
round data set was analyzed, model 1b and 2b (Table 2). It was observed that moving from females to
males, the log odds for prevalence of trypanosomes signi�cantly reduced by 0.305 (p = 0.010) in the
model with the weakest but signi�cant in�uence on prevalence of trypanosomes for the whole data set
and by 0.283 (p = 0.024) in the model with the weakest in�uence on prevalence of trypanosomes for the
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one-method (�y round) data set. Further, females had higher trypanosome prevalence rates than males,
though not always signi�cant, as noted from the negative log odds values of the sex variable (Table 2).
Moreover, a linear regression analysis on wing length where sampling method, season, sex and study site
were predictor variables for the whole data set showed that moving from females to males, wing length
signi�cantly reduced by 0.150 (p < 0.0001). For �y round and trap data sets, moving from females to
males, wing length signi�cantly reduced by 0.150 and 0.142, respectively (p < 0.0001).

In analysis of “females only” data, in all permutation models of method, season, wing length and ovarian
category predictor variables, only the ovarian age category variable showed signi�cant in�uence on
prevalence of trypanosomes (p = 0.030). No variable showed signi�cant in�uence on prevalence in all
permutation models when the “males-only” data was analyzed using the same predictors as for “females
only” data - ovarian category variable was replaced by the wing fray variable in males-only data analysis.

Results of the likelihood ratio test carried out on permutation models for the whole data set showed that
the sex and wing length variables together signi�cantly improved the �t on the data set (p = 0.024) from
the AIC = 2104.4 for the model without the two variables to the AIC = 2100.9 for the model with the two
variables – the full model (Table 3). However, this was not the case on similar tests carried out on �y
round-only, females-only and males only data sets.

For the whole data set, the model with the lowest AIC = 2095.3 was the one where the sex variable was
the only predictor variable (showed signi�cant in�uence, p = 0.011), followed by the one where the sex
and the wing length variables were the only predictors (AIC = 2097.0 – showed no signi�cant in�uence, p
= 0.077 and 0.580, respectively). The model with the sex variable (no wing length variable) among the
predictors, model 1b, �tted the data better (AIC = 2099.7) than the one with wing length variable (and no
sex variable) among the predictors, model 1c (AIC = 2101.8). When the one-method data sets were
analyzed, �y round and traps, the model with the sex variable as the only predictor had the lowest AIC for
both methods, 1860.6 and 245.2, respectively.Variable in�ation factor

Results of tests for multicollinearity on full models of all data sets showed that all variable in�ation
factors (VIF) were less than 5 (Table 4). Wing length variable from whole data set, had the highest VIF of
1.80 and season variable from �y round-only data set had the lowest (1.01).

Principal component analysis
Results of the principal component analysis showed that the wing length variable contributed the highest
variance to the �rst principal component (PC1). However, it was observed that the wing length variable
did so, only in data sets where, except for the trap-only data set, the variable “method” was among those
used in the analysis (Table 5). These data sets included whole, females-only and males-only data sets,
39.15%, 37.79%, 33.09%, respectively. In analysis of the one-method data sets in which both sex data
were included, the wing length variable contributed the highest variance (33.22%) to the �rst PC1 for the
trap data set while the sex variable contributed the highest variance (45.76% - almost equal to that for the
wing length variable (45.70%)) for the �y round data set. In analyses of the one-sex data sets from one
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method, the site variable, contributed the highest variance to the �rst PC1 for both methods data sets,
except for males-only �y round data set, where the contribution was similar with that of the wing length
variable.

Conclusion
Wing length is an important determinant factor for trypanosome prevalence in G. m. morsitans and could
partially explain the higher prevalence of trypanosomes in females than in males. To verify this status,
however, it’s clear that, reasonably representative population data is required for analysis – a serious
challenge with the current tsetse sampling methods. Nonetheless, analysis of combined data from
mobile and stationary sampling methods that includes both sexes data, could verify the status.

Discussion
This study showed that wing length was among the important factors that in�uenced prevalence of
trypanosomes in the species. Detecting its importance in doing so, however, required that the data set
analyzed comprised data from both sampling methods and both sexes, as shown from results of the
analysis of the whole data set, model 1c (Table 2). Probably because of the sampling bias inherent in
individual methods with respect to wing length [5], analysis of one-method data set, did not show the
importance of the wing length variable as an important factor for prevalence of trypanosomes – the
in�uence on prevalence seemed suppressed in the analysis. Probably, in analysis of methods pooled
data, there was compensation for sampling bias short-comings of one method by the other.

The requirement for analysis of data from the two method was further elucidated by results from the
principal component analysis where, it was shown that the wing length variable contributed the highest
variance percentage to the �rst principal component when the data set analyzed comprised data from
both �y round and trap data sets or trap-only (not �y round only) data set (Table 5). These results are
suggestive that the wing length variable has potential for being a factor for the prevalence of
trypanosomes in G. m. morsitans as was the case in the logistic regression analysis carried out, model
1c, in the present study (Table 2). The principal component analysis further showed that the potential of
the wing length variable to be a predictor for the prevalence of trypanosomes was seen even in results of
one-sex data sets, as long as the data sets included data from both sampling methods. When the one-sex
data set was from one sampling method, the site variable contributed the highest variance to the �rst
principal component. Moreover, results of the principal component analysis showed the suppression
effect when one-method data was analyzed. Result from analysis of the �y round-only data set showed
that, unlike for the whole data set, the contribution of variance by the wing length variable fell below that
of the sex variable. Further, carrying out principal component analysis where the analyzed data set was
one-sex-only data, showed suppressed contribution of variance by the wing length variable (site variable
had highest contribution), suggesting that the presence of data for the two sexes was also important to
include in the analysis to show that the wing length variable was an important factor for prevalence of
trypanosomes in G. m. morsitans.
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Results of the likelihood ratio test showed that the wing length variable improved the �t of the model on
the whole data set when used together with the sex variable as predictors of the prevalence of
trypanosomes in G. m. morsitans, elucidating further the importance of the wing length variable as a
predictor.

In addition, the lack of multicollinearity or collinearity as noted from the low VIF values (1.04–1.80), was
an indication that each variable had a unique contribution and all variables in the models, together
in�uenced prevalence of trypanosomes without worrisome interference from each other. This way there
was con�dence in the observations made in the study.

Because the log odds for prevalence of trypanosomes in G. m. morsitans signi�cantly increased by 0.123
( p = 0.032) per unit increase in wing length, considering that females have larger body size (longer wing
length) than males [14] and that a Glossina sex taxon with larger body size was more mobile than that of
the smaller body size [11] – thus increasing the chance of acquiring an infection, having longer wing
length was associated with higher prevalence of trypanosomes in females than in males, thereby
accepting the hypothesis. If at the age when most susceptible to infection, i.e. 24 hours post-eclosion,
susceptibility to infection was similar between females and males [31], then susceptibility was less likely
at that age to be the cause for higher prevalence in females. Since midgut-only infections formed part of
the data analyzed in this study, probably the host preference and the feeding frequency differences
between females and males (if any), could be a possible reason for higher prevalence of trypanosomes in
females at older age. This study brought forth the wing length variable as not only an important factor
that in�uenced the prevalence of trypanosomes in tsetse but also as an associable reason for higher
prevalence in females than in males of G. m. morsitans.

The lack of signi�cant difference in mean wing length between male and female �ies at Chisulo could be
attributed to size-dependent mortality in male �ies [32–34] because of high levels of habitat
fragmentation [18, 19].
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Figure 1

Mean wing length in male and female G. m. morsitans at study sites
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Figure 2

Prevalence of trypanosomes in G. m. morsitans at study sites
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