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A B S T R A C T

Background: Implementation of onchocerciasis elimination programmes has been delayed in Central Africa
because of the risk of ivermectin-related serious adverse events (SAEs) in individuals with high Loa loa
microfilarial densities (MFD). We developed the first statistical models enabling prediction of SAE risk in indi-
viduals with a given MFD.
Methods:We used individual participant data from two trials conducted in loiasis-onchocerciasis co-endemic
areas in Cameroon. among the 10 506 ivermectin-treated subjects included in the analysis, 38 (0¢36%) devel-
oped an ivermectin-related SAE. To predict individual-level risk of SAE, we developed mixed multivariate
logistic models including subjects’ sex, age, pre-treatment L loa and Mansonella perstans MFDs, and study
region.
Findings: The models predicted that regardless of sex, about 1% of people with 20 000 L loa microfilariae per
millilitre of blood (mf/mL), 10% of people with 50 000 mf/mL and about one third of those with
100 000 mf/mL will develop an SAE. For a given MFD, males have a three-fold higher risk of developing an
SAE than females.
Interpretation: By enabling the prediction of post-ivermectin SAE risk in communities with known distribu-
tion of L loa MFDs, our results can guide decisions on the choice of ivermectin-based treatment strategies.
They also predict that 37 SAEs were prevented in 2015 by using a Test-and-Treat strategy in the Okola Dis-
trict of Cameroon.
Funding: UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases; Institut
de Recherche pour le D�eveloppement; Mectizan Donation Program; Bill & Melinda Gates Foundation.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

For more than 20 years, the implementation of onchocerciasis
control and elimination programmes in Central Africa has been ham-
pered by loiasis (Loa loa filariasis). This is because ivermectin (IVM),
distributed via mass treatment to eliminate onchocerciasis, can
induce a potentially fatal encephalopathy in subjects with a L loa
microfilarial density (MFD) exceeding 30 000 microfilariae per milli-
litre of blood (mf/mL) [1]. As a result, in settings where loiasis is pres-
ent, IVM is distributed only in onchocerciasis meso‑ and
hyperendemic areas, where the benefit of treatment outweighs the
risk of serious adverse events (SAE). In these areas, the standard com-
munity-directed treatment with IVM (CDTI) is complemented with a
specific surveillance system to identify and manage any SAE case
occurring. However, the continued exclusion of hypoendemic areas
may delay or compromise onchocerciasis elimination. Alternative
treatment strategies (ATS) to safely treat populations in
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Research in context

Evidence before this study

In Central Africa, loiasis hinders mass distribution of ivermectin
against onchocerciasis because subjects with high Loa loa
microfilarial densities can develop serious adverse events after
treatment with ivermectin. In areas where onchocerciasis is
hypoendemic and where loiasis is coendemic, the risk of seri-
ous adverse events during mass distribution of ivermectin
might outweigh the benefit from treatment, and programme
managers have to decide whether they should use alternative
approaches such as “Test-and-treat” strategies. Currently, only
estimates of the relative risks to develop a serious adverse
event above a given microfilarial density threshold exist, which
is insufficient to make evidence-based decisions between strat-
egies with very different cost implications.

Added value of this study

The newmodels allow to estimate the risk of developing a post-
ivermectin serious adverse event of individuals with a given L
loa microfilarial density. In settings where the distribution of
L loamicrofilarial density across individuals is known, the num-
ber of serious adverse event cases that are expected during
mass distribution of ivermectin and by extension, the number
of serious adverse events that would be prevented using a
“Test-and-treat” strategy, can be estimated.

Implications of all the available evidence

The results of this study allow programme managers and deci-
sion-makers to better predict the risk of post-ivermectin seri-
ous adverse events at the community level when the drug is
distributed in areas where loiasis is endemic and the distribu-
tion of L loa microfilarial densities has been determined. Accu-
rate quantification of this risk will contribute to the
development of the most suitable and cost-effective treatment
strategies for these areas and therefore, help prevent the occur-
rence of serious adverse events during treatment campaigns.
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onchocerciasis hypoendemic areas that are coendemic for loiasis
have been proposed, including a “Test-and-treat” (TNT) approach
involving identification of subjects at risk of post-IVM SAEs, and pro-
viding IVM only to subjects whose MFD is below the risk threshold
[2,3]. However, this strategy is more costly than CDTI [4], and con-
cerns about its scalability and sustainability have been raised. Key
stakeholders have suggested that the standard CDTI with enhanced
surveillance could be implemented in onchocerciasis hypoendemic
areas where the community risk of SAE occurrence is below a given
threshold [5]. To accurately assess this community risk, two types of
information are required: the L loa microfilarial density distribution
in the targeted population, and the individual probability to develop
an SAE for a given MFD.

In this study, we developed and assessed multivariate models to
estimate the probability of an individual with a given MFD to develop
a post-IVM SAE. This critical information will aid decision-makers in
choosing the most appropriate treatment strategy for onchocerciasis
hypoendemic areas.

2. Method

2.1. Study population

Data used in the analyses were collected as part of two clinical tri-
als. The first was carried out in 1995�1996 in the Lekie division
(Centre Region) of Cameroon, to determine the incidence of post-IVM
SAEs in a loiasis-endemic area, and the L loa MFD threshold above
which SAEs can occur [1] This study included 17 877 subjects aged
�5 years living in 106 villages, including 5550 IVM-naïve subjects
aged �15 years whose pre-treatment L loa MFD was measured. The
second trial was carried out in 2005 in the Lom-et-Djerem and Haut-
Nyong divisions (East Region) of Cameroon to evaluate whether coin-
fection with Plasmodium sp. is a risk cofactor for Loa-related post-
IVM SAE [6]. This study included 4956 IVM-naïve subjects aged
�13 years living in 74 villages. Both studies were approved by the
Cameroon National Ethics Committee for Research in Human Health
[1,6]. For the study conducted in the East Region, all voluntary partic-
ipants provided a signed informed consent. For the Lekie study sup-
ported by the WHO-TDR in 1995�1996, the Ministry of Public Health
of Cameroon considered that the study area had to be treated with
ivermectin anyway, and that no consent form had to be signed by the
voluntary participants. This study follows the STROBE guidelines.

2.2. Parasitological examination

Details about the parasitological examination are provided in the
original publications [1,6]. Briefly, in both trials a calibrated (50 mL)
thick blood smear (TBS) from a finger prick obtained between 10:00
AM and 4:00 PM was performed to measure the L loa and Mansonella
perstans (another filaria which is endemic in these areas) MFDs.
Within 48 h, the slides were dehaemoglobinized and stained with
Giemsa. The TBS were read by experienced microscopists and indi-
vidual MFDs expressed in mf/mL of blood.

2.3. Treatment and monitoring of serious adverse events

In both trials, IVM was given orally to eligible individuals at a
standard dose of 150mg/kg of body weight and an active surveillance
procedure to track adverse events was established in all communities
for the 7 days following treatment. SAEs were considered related to
IVM treatment when the pre-treatment L loa MFD exceeded
10,000 mf/mL with consistent symptoms (e.g. headache, asthenia,
fever) [7], or when the patient presented haemorrhages of the palpe-
bral conjunctiva after treatment [8]. Patients were classified as having
a non-neurological SAE when they had functional impairment that
required full-time assistance for at least one week; these patients
had no objective neurological signs, but were exhausted and unable
to stand up and walk without support, remaining in bed or in arm-
chairs; some were hospitalized in classical inpatient structures when
available or required significant outpatient care when impossible due
to local constraints. Subjects classified as having neurological SAEs
developed disorders of consciousness and objective neurological
signs and were admitted to the hospital for appropriate manage-
ment.

2.4. Statistical analyses

2.4.1. General model
In this analysis we included both non-neurological and neurologi-

cal ivermectin-related SAEs, subsequently referred to as SAEs. The
outcome variable was the occurrence of an SAE and the independent
variables were the subjects’ age, sex, pre-treatment L loa and
M perstans MFDs, and the study site (Centre or East region). First,
bivariate logistic models were constructed to determine the most
appropriate transformation to apply to the three continuous covari-
ates (age, L loa MFD, and M perstans MFD) to model their association
with the occurrence of an SAE. These variables were considered alter-
nately as categorical and continuous variables. When described as
categorical variables, these covariates were classified as follows: age
(13�20, 21�30, 31�50, >50), L loa MFD (0�10,000, 10,001�30,000,
30,001�50,000, >50,000), and M perstans MFD (0, 1�50, 51�100,
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101�300, >300). When described as continuous variables, these
three covariates were used either without transformation (assuming
a linear relationship) or after quadratic, logarithmic or fractional pol-
ynomials (FP) of order 1 or 2 (FP1 or FP2) transformations � each of
these transformations assumes a (different) non-linear relationship
between the continuous covariate and the outcome. To select the
most adapted transformation, we used the Akaike information crite-
ria (AIC). After identification of the best transformation for each inde-
pendent variable, we designed four different models (after testing for
a random-effect at the village level) that included an increasing num-
ber of variables (models called A, B, C, and D): (A) L loa MFD only; (B)
L loa MFD and sex; (C) L loa MFD, sex and age; and (D) L loa MFD, sex,
age and M perstans MFD (“full model”). A fifth model adding the
“Region” variable (Centre vs. East) to the “full model” was also devel-
oped to determine whether the estimated risk differed between
regions. The significance of all possible interaction terms as well as
the village-level random effect were assessed using the likelihood
ratio’s test. Then, models A and B were used to estimate the individ-
ual risk of developing a post-IVM SAE for subjects with 5000, 10,000,
20,000, 30,000, 40,000, 50,000, 100,000, 150,000 and 200,000 L loa
mf/mL.

2.4.2. Semi-external validation
A semi-external validation was performed using bootstrap and

0.632 bootstrap procedures. Briefly, 1000 resampling iterations gen-
erated both a training and a testing set. Regression models were fit-
ted on the training set and predictions were estimated on the outs of
bag (testing set), allowing to calculate the estimated number of ESGs
according to the procedure described above as compared to the
actual number of ESGs observed in the testing sample. The median
difference is reported in absolute counts and percentage variation,
along with their interquartile range (IQR) and the 0¢025 and 0¢975
quantiles. For each model, medians and interquartile ranges of each
b coefficient obtained through the 0.632 bootstrap procedure are
reported.

2.4.3. Extrapolation to an external population
In addition, we used these models to estimate the number of SAEs

prevented in 2015 in a health district of Cameroon where the efficacy
and feasibility of the TNT strategy were assessed [2]. In this study, the
Table 1
Description of the study population.

All subjects N (100%)

Mean Age (SD) 35¢4 (18¢2)
Age (years) (no. and%) 13�20 3147 (30¢0)

21�30 1984 (18¢9)
31�50 2951 (28¢1)
>50 2424 (23¢1)

Sex (no. and%) Male 5139 (48¢9)
Female 5367 (51¢1)

Region Centre 5550 (52¢8)
East 4956 (47¢2)

Presence of L loamf No 7534 (71¢7)
Yes 2972 (28¢3)

L loaMFD (mf/mL) 0�10 000 9781 (93¢1)
10 001�30 000 481 (4¢6)
30 001�50 000 133 (1¢3)
>50 000 111 (1¢1)

Presence ofM perstansmf No 8042 (76¢6)
Yes 2464 (23¢4)

M perstansMFD (mf/mL) 0 8042 (76¢5)
1�50 829 (8¢9)
51�100 527 (5¢0)
101�300 553 (5¢3)
˃300 555 (5¢3)

SAE: severe adverse events; SD: standard deviation; MFD: microfilarial dens
* Mean age was compared with the Mann-Whitney test; sex, region, pre

MFD variables were compared with x2 test.
L loa MFD of 16 259 subjects was measured by both calibrated
(50 mL) TBS and a rapid diagnostic tool called LoaScope (see details
below), and all those with more than 20,000 mf/mL (as assessed with
the LoaScope) were excluded from IVM treatment (340 subjects). To
estimate the number of SAEs prevented in this study, we applied
models A and B to the distribution of L loa MFDs measured in this
population by TBS, which remains the standard method to measure
MFDs. All analyses were performed using Stataࣨ (StataCorp, College
Station, Texas, TX, USA).

2.5. Role of the funding source

The funders of the clinical trials whose data were used to develop
the models and to estimate the number of SAEs prevented by a TNT
approach had no role in the study design, the interpretation of the
results, or the writing of this manuscript. The present work was con-
ducted without additional financial support. The corresponding
author had full access to all the data collected in the trials. The first
and corresponding authors had final responsibility for the decision to
submit the publication.

3. Results

3.1. Population characteristics and number of serious adverse events

All 10 506 subjects from the 1995�1996 and 2005 studies, with
known L loa MFD, were included in the analysis. among these, 38
subjects had developed an SAE (0¢36%), including two with non-fatal
neurological SAE. L loa MFDs in subjects who experienced an SAE
ranged between 5620 and 182,400 mf/mL. Only three subjects with
SAEs had a L loa MFD <30,000 mf/mL (5620, 23,720 and 26,820 mf/
mL, respectively) and the MFDs of the neurological cases were 50,520
and 152,940 mf/mL. The mean age of those who developed an SAE
was slightly higher than among other participants (Table 1). SAEs
were more frequent in males than in females.

3.2. Categorisation and transformation of the continuous variables

Age was transformed using FP2 (AIC 492¢46) (appendix p 1). L loa
and M perstans MFDs were first included as FP2 (AIC 214¢27 and
Subjects without SAE N (%) Subjects with SAE N (%) p value*

35¢4 (18¢2) 40¢8 (16¢2) 0¢024
3145 (30¢0) 2 (5¢3) 0¢001
1975 (18¢9) 9 (23¢7)
2932 (28¢0) 19 (50¢0)
2416 (23¢1) 8 (21¢0)
5109 (48¢8) 30 (79¢0) < 0¢0001
5359 (51¢2) 8 (21¢0)
5530 (52¢8) 20 (52¢6) 0.554
4938 (47¢2) 18 (47¢4)
7534 (72¢0) 0 < 0¢0001
2934 (28¢0) 38 (100)
9780 (93¢4) 1 (2¢63) < 0¢0001
479 (4¢6) 2 (5¢3)
126 (1¢2) 7 (18¢4)
83 (0¢8) 28 (73¢7)

8026 (76¢7) 16 (42¢1) < 0¢0001
2442 (23¢3) 22 (57¢9)
8026 (76¢7) 16 (42¢1) < 0¢0001
826 (7¢9) 3 (7¢9)
524 (5¢0) 3 (7¢9)
546 (5¢2) 7 (18¢4)
546 (5¢2) 9 (23¢7)

ity.
sence of L loa mf, presence of M perstans mf, L loa MFD and M perstans
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473¢98, respectively). However, we considered that FP2 transforma-
tion of L loa MFD did not provide realistic estimates because it led to
a decrease in the risk of SAE for the highest MFDs (figure in appendix
p 2). We attribute this to the fact that when the MFDs are extremely
high, accurate quantification of mf present on the slide (some of
which may be overlapping) may be challenging for the microscopist.
Consequently, MFDs above 150 000 mf/mL, found in only 10 subjects,
were grouped together, with a value of 150,000 mf/mL, and the L loa
MFD was transformed using FP1.

3.3. Multivariate modelling

Table 2 presents the results of the four multivariate models and
Fig. 1 shows the predicted probabilities to develop an SAE for a given
L loa MFD (for model A, and see in appendix p 3 the figures with the
four models). None of the models indicated significant random effects
at the village level (Table 2, last line). With all other variables there
was no evidence of a significant difference in SAE risk between the
East and Centre regions (adjusted Odds-Ratio 1¢71, p = 0¢193). A sig-
nificant interaction was detected between M perstans MFD and age
(p = 0¢0275). However, this p value increased to 0¢083 after adjust-
ment on L loa MFD and thus, no interaction term was included in the
models.

3.4. Predicted probability of developing a serious adverse event

Equations describing the transformations applied to the indepen-
dent variables are presented in the appendix p 4. Table 3 presents the
probabilities of developing an SAE for various given L loa MFDs, as
predicted by model A (i.e. taking into account only the L loa MFD),
and model B (including both L loa MFD and sex). It shows that the
risk remains below 1% for MFDs <20,000 mf/mL and increases sub-
stantially to 77% when the MFD reaches 200 000 mf/mL. Males have a
significantly higher adjusted odds-ratio when compared to females:
3¢07 (p = 0¢011), 2¢81 (p = 0¢020) and 3¢18 (p = 0¢015) for models B, C
and D, respectively. Fig. 2 illustrates this difference when applying
model D. Age (see appendix p 5) and M perstans MFD have a non- or
marginally significant influence on the probability of developing an
SAE. When age was treated as a categorical rather than a continuous
variable, we observed a marginally increased risk only in those aged
30�40 years (p = 0¢029) (see appendix p 5). Finally, the equation of
the probability of developing an SAE according to the individual L loa
MFD (from the model A) is the following:

ProbabilitySAE ¼ exp�9:74þ2:54� lnLoaþ2:22216796875
100000ð Þþ3:658185875½ �

1þ exp�9:74þ2:52� lnLoaþ2:22216796875
100000ð Þþ3:658185875½ �
Table 2
Multivariable fractional polynomial models to estimate the probability of developing a seve

Model with L loaMFD alone Adjusted model with

Coefficients (95% CI) p value Coefficients (95% CI)

LoaFP 2¢52 (1¢94�3¢10) < 0¢0001 2¢47 (1¢90�3¢05)
Age1FP

Age2FP

Sex 1¢12 (0¢26�1¢98)
Mansonella1FP

Mansonella2FP

Intercept �9¢74 (�11¢55� �7¢93) �10¢35 (�12¢26�
�8¢44)

AIC 216¢49 211¢67
Deviance 210¢49 205¢67
Predicted number and

95% CI
38¢0 (27¢6�48¢4) 38¢0 (27¢8�48¢3)

Random effect on vil-
lages (p values)

0¢250 0¢296

MFD: microfilarial density; CI: confidence interval; FP: fractional polynomials; AIC: Akaike i
3.5. Semi-external validation

Table 4 shows the details of the results of the misclassification
estimations after bootstrap procedures. The median difference
between estimated and observed SAEs were �0¢13, �0¢18, 0¢05, and
0¢22 cases, respectively for the model A, B, C, and D, respectively, cor-
responding to a median variation of �0¢91%, �1¢33%, 0¢45%, and
1¢75%, respectively, when reported to the number of SAEs. Medians
and IQR of each b-coefficient obtained through the 0.632 bootstrap
procedure are reported in the Table 5.
3.6. Application to a different population in which MFDs were measured
as part of the evaluation of a “Test-and-treat” strategy

As part of a TNT campaign conducted in 2015 in the Okola District
in Cameroon, MFD was measured in 16 259 subjects [2]. Using the
L loa MFD as the only predictor (model A), we estimated that the
exclusion of 340 subjects with >20 000 mf/mL from IVM treatment
prevented 37 (95% CI 24�50) cases of SAE. Using both L loa MFD and
sex as predictor variables (model B), we estimated the number of SAE
cases prevented at 36 (95% CI 19�52). These estimates suggest that
more than 10% of those who had been excluded from IVM treatment
during the TNT campaign would have developed an SAE if they had
received the drug. Based on the data obtained in the previous trial
conducted in the same region [2], some of these SAEs would have
been potentially fatal neurological SAEs.
4. Discussion

This paper presents the first approach ever developed to estimate
the probability of a post-IVM SAE in a subject with a given L loa MFD.
Our results corroborate previously published estimates of the relative
risk of SAEs across groups with different MFD levels [1,6], but repre-
sent a significant extension allowing the quantification of individual
risk. In doing so, they provide a framework enabling a direct assess-
ment of the risks associated with IVM mass administration and of the
benefits of alternative onchocerciasis control strategies such as TNT.
The models developed in this study were based on data from the
only two population-level studies where post-IVM adverse events
were monitored actively in subjects with known L loa MFD. For obvi-
ous ethical reasons, further studies of this type could not be con-
ducted.

Our results confirm that the primary determinant of the probabil-
ity of developing a post-IVM SAE is the L loa MFD. Importantly, the
fact that the risk estimates did not differ between the Lekie and Cen-
tre regions, as well as the absence of a significant random effect at
re adverse event.

sex Adjusted model with age and sex Full adjusted model

p value Coefficients (95% CI) p value Coefficients (95% CI) p value

< 0¢0001 2¢46 (1¢88�3¢04) < 0¢0001 2¢52 (1¢91�3¢12) < 0¢0001
�1¢92 (�5¢66�1¢82) 0¢315 �1¢74 (�5¢63�2¢16) 0¢382
13¢36 (�1¢23�27¢95) 0¢073 15¢33 (�0¢03�30¢68) 0¢050

0¢011 1¢03 (0¢16�1¢91) 0¢020 1¢16 (0¢23�2¢08) 0¢015
0¢02 (�0¢09�0¢13) 0¢772
0¢30 (�0¢51�1¢10) 0¢469

< 0¢0001 �9¢91 (�22¢86� �7¢96) < 0¢0001 �10¢13 (�12¢22�
�8¢04)

< 0¢0001

211¢26 205¢45
199¢23 189¢45

38¢0 (27¢8�48¢2) 38¢0 (28¢0�48¢0)

0¢317 0¢298

nformation criterion.



Fig. 1. Predicted probabilities of developing a post-ivermectin severe adverse event according to the individual L loamicrofilarial density, overall.
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the village level, indicate that the results are consistent across differ-
ent geographical areas. In addition, male sex was found to be associ-
ated with a three-fold increased risk of developing a SAE. This might
be due to differential lifestyle habits or coinfections, hormonal influ-
ences, physiological features or genetic factors.

In addition to L loaMFD and sex, we also explored the influence of
a number of potential confounders on SAE risk, such as age and
M perstans MFD (included in models C and D). These factors had a
marginally significant effect, if any, on SAE risk. Thus, consideration
of L loa MFD either alone or in conjunction with sex is sufficient to
produce accurate estimates of the expected number of SAEs in a pop-
ulation with a known MFD distribution. Interestingly, the estimated
numbers of SAEs prevented during the TNT study were similar when
applying models A or B (37 and 36 cases, respectively). This suggests
that inclusion of sex in the model does not significantly impact the
risk estimates at a community level when the male-to-female ratio is
close to 1 in the treated population (the proportion of males was 48%
in the TNT study). Therefore, the model including L loa MFD alone
should be preferred to the model adjusting on sex when the sex-ratio
in the target population is known and close to 1.

When the distribution of the L loa MFD in the population to be
treated with IVM has been assessed, the formulas obtained from the
Table 3
Probability of developing a post-ivermectin SAE for a given individual L loamicrofilarial de

L. loaMFD (mf/mL) Model A with L loaMFD as single predictor

Probability for both

Prob(SAE) (95% CI) Prob(SAE) (9

5000 0¢0003 0¢0001�0¢0007 0¢0003 0¢
10 000 0¢0018 0¢0001�0¢0037 0¢0016 0¢
20 000 0¢010 0¢003�0¢017 0¢0087 0¢
30 000 0¢03 0¢01�0¢04 0¢023 0¢
40 000 0¢05 0¢03�0¢08 0¢05 0¢
50 000 0¢09 0¢06�0¢12 0¢08 0¢
100 000 0¢37 0¢25�0¢49 0¢32 0¢
150 000 0¢62 0¢46�0¢78 0¢56 0¢
200 000 0¢77 0¢62�0¢92 0¢72 0¢

Prob(SAE): Individual probability of developing a severe adverse event (%); CI: confidence i
models can be used to accurately estimate the risk of SAE in the com-
munity as an expected percentage (with confidence intervals) or
absolute numbers of expected SAE cases (with standard deviation).
Such risk estimates at the community level can help onchocerciasis
programme managers decide which strategy between MDA (which is
more affordable but associated with a quantified risk of SAEs), and
TNT (which is a safer but more expensive strategy) is most suitable
for the target population.

Our models predict that the probability of developing an SAE for a
subject with a L loa MFD below 20 000 mf/mL is low (1%) but not nil.
This is due to the fact that one case of SAE was reported in a partici-
pant with 5620 L loa mf/mL (in the data base we used, 105 subjects
out of 10 506 had an MFD between 5000 and 6000 mf/mL). This ‘out-
lier’ was a 50-year-old male from the East Region, who had fever,
headaches, very severe bilateral leg pain, and haemorrhages of the
palpebral conjunctiva (a sign frequently associated with post-IVM
SAEs)[8] leading the team to hospitalize him before the result of his
TBS became available. Although the potential role played by L loa and
other cofactors was unclear in this case, the fact that L loa MFD <20
000 mf/mL can be associated with the development of a clinical con-
dition leading to hospitalization cannot be ignored. However, as a
possible explanation for this outlier, it should be noted that in the
nsity (MFD).

Model B with both L loaMFD and sex as predictors

sexes combined Probability for males Probability for females

5% CI) Prob(SAE) (95% CI) Prob(SAE) 95% CI

0001�0¢0007 0¢0005 0¢0002�0¢0012 0¢0002 0¢0001�0¢0004
0001�0¢0033 0¢0028 0¢0002�0¢0057 0¢0009 0¢0002�0¢0020
0025�0¢0149 0¢0153 0¢0045�0¢0261 0¢0050 0¢0003�0¢0098
011�0¢036 0¢041 0¢019�0¢062 0¢014 0¢003�0¢025
03�0¢07 0¢08 0¢05�0¢34 0¢03 0¢69�0¢05
05�0¢11 0¢13 0¢08�0¢18 0¢05 0¢01�0¢08
20�0¢44 0¢45 0¢31�0¢59 0¢21 0¢08�0¢35
38�0¢74 0¢69 0¢54�0¢85 0¢42 0¢19�0¢66
55�0¢90 0¢82 0¢69�0¢95 0¢61 0¢35�0¢85
nterval.



Fig. 2. Predicted probabilities of developing a post-ivermectin of severe adverse event according to the individual L loamicrofilarial density, according to the sex.

Table 4
Misclassification estimation after bootstrap procedures applied in the multivariable fractional polynomial models to estimate the probability of developing a
serious adverse event.

Model with L loaMFD alone Adjusted model with sex Adjusted model with age and sex Full adjusted model

Absolute count (No of cases)
Median �0¢13 �0¢18 0¢05 0¢22
Interquartile range �3¢01 to 2¢99 �2¢74 to 3¢00 �2¢90 to 3¢00 �2¢56 to 3¢21
0¢025�0¢975 deciles �8¢05 to 7¢87 �8¢36 to 8¢41 �8¢57 to 8¢30 �7¢63 to 8¢32
Percentage variation (%)
Median �0¢91 �1¢33 0¢45 1¢75
Interquartile range �25¢32 to 19¢40 �23¢58 to 19¢02 �23¢71 to 19¢05 �21¢28 to 21¢22
0¢025�0¢975 deciles �85¢38 to 43¢13 �96¢65 to 44¢73 �101¢00 to 45¢11 �80¢59 to 46¢97
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context of these pilot clinical trials during which evidence of post-
IVM SAEs has emerged, the hospitalization of this patient could have
been precautionary, and may not necessarily reflect a definitive case
of SAE.

Our models predict that nearly 10% of people with 50,000 L loa
mf/mL and about one third of those with 100,000 mf/mL will develop
Table 5
b-coefficients after 0.632 bootstrap procedures applied in the multivariable fract
adverse event.

Model with L loaMFD alone Adjusted model with sex
Coefficients (median and IQR) Coefficients (median and IQ

LoaFP 2¢57 (2¢41�2¢75) 2¢51 (2¢36�2¢70)
Age1FP

Age2FP

Sex 1¢16 (0¢95�1¢39)
Mansonella1FP

Mansonella2FP

IQR: interquartile range; FP: fractional polynomials; 0.632 bootstrap procedures u
an SAE after IVM treatment. Identification of cofactors explaining
why some individuals with a given MFD will develop an SAE while
others will not, could help prevent SAE cases. No association was
found between the occurrence of SAEs and infection with a simian
strain of L loa [9]. Coinfection with Plasmodium falciparum does not
seem to play a role [6], but this result requires further investigation
ional polynomial models to estimate the probability of developing a serious

Adjusted model with age and sex Full adjusted model
R) Coefficients (median and IQR) Coefficients (median and IQR)

2¢54 (2¢37�2¢72) 2¢62 (2¢45�2¢80)
�2¢62 (�4¢01 to �1¢36) �2¢37 (�3¢88 to �1¢04)
15¢95 (10¢76�22¢28) 17¢76 (12¢45�23¢63)
1¢08 (0¢84�1¢32) 1¢22 (1¢00�1¢47)

0¢02 (�0¢004�0¢05)
�0¢27 (�10¢68 to 0¢32)

sing 1000 iterations.
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because the retinal lesions observed in patients with cerebral malaria
and Loa-related encephalopathy are very similar [8]. Other cofactors
such as coinfection with other pathogens such as nematodes (espe-
cially Strongyloides stercoralis) and trematodes, which were not
assessed during the trials, could favour the development of Loa-
related post-IVM SAEs and careful examination of the individual
“Serious adverse experience reports” sent by the national pro-
grammes to the Mectizan Donation Program might help identify
some of them. It might also be instructive to explore factors influenc-
ing the pharmacokinetics of IVM. Drug-drug interactions could play a
role [10], but no information regarding concomitant treatment was
collected during the two trials used to develop our predictive models.
The clinical condition associated with Loa-related encephalopathy
differs markedly from that observed in animals or humans treated
with toxic doses of IVM, or in animals (especially dogs) carrying a
mutation in the multidrug resistance (mdr-1) gene that makes the
blood-brain barrier defective and allows IVM to accumulate in brain
tissue [11]. In the latter cases, the main signs and symptoms are sali-
vation, vomiting, ataxia, tremors, mydriasis, and confusion [12,13]. A
pilot study comparing the mdr-1 genotypes in four subjects who had
experienced a post-IVM L loa-related SAE and nine matched non-SAE
controls showed no loss-of-function mutation in any subject, but
haplotypes associated with altered drug disposition were present as
homozygotes in two of the SAE patients [14]. Additional pharmacoge-
netics studies could help identify a genetic predisposition to develop
a post-IVM SAE.

In this study, we used L loa MFD measured by microscopic exami-
nation of calibrated (50 mL) TBS to estimate the individual risk of
developing an SAE. A field-friendly mobile phone video microscope
(LoaScope), measuring L loa MFD within two minutes, was developed
and its performance evaluated as part of the TNT study [2]. The MFD
results obtained by TBS examination and LoaScope are highly corre-
lated but as the LoaScope examines only 13¢7 mL of blood, this corre-
lation decreases as the L loa MFD decreases, and infection can be
missed in case of very low MFD (<500 mf/mL). The LoaScope has
been used in various countries to assess the prevalence of L loa as
well as the MFD distribution in the population [15,16], and could
become the standard method used by onchocerciasis (and possibly
lymphatic filariasis) elimination programmes. The formulas we
developed in this study for TBS-based L loaMFD can easily be adapted
to the performance characteristics of the LoaScope.

Concerning the robustness of our model, the semi-external valida-
tion allows us to be reassured with very low median deviations for
each of the models. Moreover, the coefficients obtained with the
0.632 Bootstrap procedure are very close to our basic models.

In conclusion, this study provides programme managers and deci-
sion-makers with a practical tool to accurately predict the risk of
post-IVM SAEs in a setting where onchocerciasis and loiasis are co-
endemic, allowing them to determine the most suitable and cost-
effective treatment strategies for the target population. Finally, this
tool can also be useful for practitioners treating individual cases of
loiasis, in guiding medical decisions surrounding choice of treatment.
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