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Abstract.

Although ivermectin treatment can induce serious adverse events (SAEs) in individuals harboring high

Loa loa microfilaremia (mf), not all patients with high mf levels develop such reactions, suggesting that cofactors may be
involved. A study was conducted in Cameroon to investigate the possible role of Plasmodium coinfection at the time of
ivermectin treatment in the development of SAEs. Before their first ivermectin treatment, thick smears were obtained
from 4,175 individuals to determine the burden of Plasmodium sp., L. loa, and Mansonella perstans. After treatment,
18 (4.3 per 1,000) patients developed a non-neurologic SAE. Logistic regression analysis, adjusting for age, sex,
P. falciparum infection, and M. perstans infection intensities, confirmed that L. loa mf was the main risk factor for SAEs.
We found no evidence that coinfection with P. falciparum at the time of ivermectin treatment was associated with the

occurrence of Loa-related SAEs in this population.

Ivermectin, the drug used for onchocerciasis control as
Mectizan® (Merck & Co., Inc., Whitehouse Station, NJ), can
induce serious adverse events (SAEs) in individuals heavily
infected with Loa loa. Although rare, these potentially fatal
SAESs continue to impede the progress of the African Pro-
gram for Onchocerciasis Control and the Global Program
to Eliminate Lymphatic Filariasis in areas where loiasis is
endemic.! The major risk factor for the development of
post-ivermectin SAEs is a high L. loa microfilarial (mf) den-
sity. It has been estimated that the relative risk of developing
non-neurologic marked adverse events or SAEs, as defined
previously,” is significantly increased when the Loa density
exceeds 8,100 or 30,000 mf/mL blood, respectively.3 However,
most individuals potentially at risk because of their high mf
density do not develop an SAE after ivermectin treatment.
Therefore, cofactors related to the host or the parasite are
likely involved in the development of SAEs.

In a previous study, we examined the possibility that a
simian L. loa strain (with nocturnally periodic microfilaremia)
could be associated with the occurrence of SAEs in humans.*
For this purpose, the periodicity of L. loa mf was compared in
individuals who did and did not develop an SAE. Diurnal
periodicity was observed in all subjects, which is inconsistent
with the hypothesis that an infection with a simian L. loa was
responsible for the SAE cases.* The role of a genetic mutation
in a P-glycoprotein gene called mdr-1 (ABCBI) that enhances
the permeability of the blood-brain barrier to ivermectin was
also assessed in individuals who had experienced an SAE.
No association between this mutation and the occurrence of
SAEs was shown.

Involvement of coinfections in post-ivermectin and post-
diethylcarbamazine SAEs has also been suggested.” In this
respect, it is interesting to note that Loa-related SAEs and
severe malaria share many clinical features, including fever,
impaired consciousness, and white-centered retinal hemor-
rhages.® In addition, Plasmodium infection has been observed
in a number of individuals who developed post-ivermectin
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SAEs.” Thus, Plasmodium infection has been considered as a
potential cofactor facilitating the development of SAEs.?

In the present study, the presence of P. falciparum infection
at the time of ivermectin treatment was examined as a poten-
tial risk factor for Loa-related SAEs. The following protocol
was approved by the National Ethics Committee of Cameroon.

Parasitological surveys were conducted in 2005 in 74 com-
munities of the East Region of Cameroon (Lom and Djerem
and Upper Nyong Divisions) at the same time as the first
Community Directed Treatment with Ivermectin campaign
targeting onchocerciasis in this area. Before the surveys, the
Ministry of Health informed the local authorities and pop-
ulations that a mass drug administration of Mectizan would
soon take place in their village. On this occasion, they were
also informed of the objective and protocol of the study. All
healthy individuals 13 years of age or older who had been
living in the village for more than 6 months were offered a
parasitological examination for assessment of Plasmodium
spp., L. loa, and Mansonella perstans infections. Refusal to
participate did not exempt the eligible individuals from the
Mectizan treatment.

Just before ivermectin treatment (standard dose of 150 pg/kg),
blood smears were obtained from all consenting subjects. A
calibrated blood thick smear (50 uL) from a finger prick was
performed between 10:00 am and 4:00 pm for the quantitative
diagnosis of L. loa (diurnally periodic microfilaremia) and
M. perstans (aperiodic). An additional slide, with a thick
smear and a thin smear, was prepared for the diagnosis of
Plasmodium infection. All blood smears were stained with
Giemsa stain within 2 days of preparation and examined by
two experienced laboratory technicians using optical micros-
copy. The slides from subjects who developed an SAE were
examined immediately because of the impact of the results on
therapeutic management. The remaining slides were exam-
ined after a delay of several weeks by the same two laboratory
technicians. All parasites present on the slide were identified
and counted. An active surveillance procedure for adverse
events was established in all communities for 7 days starting
at the time of ivermectin distribution, with health teams
actively seeking side effects. This procedure was then com-
plemented by passive surveillance up to 30 days after treatment.
Patients who did not show any disorders of consciousness or
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objective neurologic signs>® but developed a functional impair-
ment with severity that was such that it would have probably
required at least 1 week of full-time assistance at home by their
family to undertake normal activities and hospitalization was,
thus, considered necessary were considered as having a non-
neurologic SAE. All individuals presenting with a non-SAE
were closely monitored and benefitted from free management
until complete recovery. Our definitions of SAEs/non-SAEs
correspond to the standard definition for gradation of adverse
events linked to ivermectin in mass treatment, which has been
adapted by Merck & Co. Inc. from the definitions of the Inter-
national Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use and
agreed on by the Mectizan Expert Committee under the aus-
pices of the Special Programme for Research and Training in
Tropical Diseases (TDR)/World Health Organization.®

A total of 4,175 individuals underwent parasitological
examination before receiving ivermectin. Overall prevalence
of L. loa, M. perstans, and Plasmodium sp. was 26.3%, 29.6%,
and 23.2%, respectively (Table 1). Coinfection with L. loa
and M. perstans was more frequent than under the assumption
of independence (> = 345.28, P < 0.0001), indicating a statis-
tical association between the filarial infections. No such asso-
ciation was found between Plasmodium infection and L. loa
(x> = 1.46, P = 0.23) or M. perstans (x> = 0.48, P = 0.49).

Plasmodium infections were mainly caused by P. falciparum
alone (N =969). P. malariae alone was observed in 47 individ-
uals, and mixed infections (P. falciparum and P. malariae)
were observed in 27 individuals. The mean P. falciparum tro-
phozoite density is shown in Table 1.

Post-ivermectin SAEs occurred in 18 individuals (4.3 per
1,000), none of whom presented with neurologic signs. The
most commonly presented clinical signs and symptoms were
low back pain (88.9%), headache (83.3%), fever (61.1%), and
asthenia (44.4%). The group of SAE cases was composed of
14 men and 4 women, with a mean age of 41.8 years (range =
22-70 years). All of the subjects were hospitalized and dis-
charged after an average of 3.7 days (range = 3-6 days) when
their condition had improved to such an extent that full-time
assistance was not required. L. loa mf were present on thick
smears from all 18 subjects who experienced SAEs, and 17
of the subjects (94.4%) had more than 8,000 L. loa mf/mL
(the lowest count being 5,620 mf/mL). Incidence rate of SAEs
as a function of L. loa mf density is shown in Table 2.
P. falciparum infection was less frequent in the SAE cases
(16.7%) than the rest of the population (23.7%). Among those
individuals presenting with P. falciparum infection, trophozoite
density tended to be lower in 3 SAE cases than 966 non-SAE

Non-SAE cases

4,157)
295

129 (105.4-152.6)
3.1(2.9-3.4)

M. perstans

SAE cases

444
1,970 (0-5,717.2)

14.7 (1.9-85)

Non-SAE cases

23.7
24 (22-2.7)

502.8 (363-642.7)

P. falciparum

SAE cases

16.7

17.8 (0-51.4)
0.9 (0-3.1)

TaBLE 1
Prevalence and intensity of infection with L. loa, P. falciparum, and M. perstans in 18 individuals presenting post-ivermectin SAEs and the rest of the population (N

Non-SAE cases

1,779 (1,495.4-2,062.6)
4.7 (4.2-6.3)

259

L. loa

SAE cases

100
63,948.5 (43,346.8—-84,550.3)

50,524.3 (34,181.5-74,681.5)

TABLE 2
Incidence rate of SAEs as a function of L. loa mf density

L. loa mf density No. of No. SAE Incidence
(mf/mL) individuals cases rate (%) 95% CI*

0-4,999 3,844
5,000—- 9,999 123
10,000-19,999 95
20,000-39,999 65
40,000-59,999 27
60,000-79,999 5
80,000-99,999 7 57.14 18.4-90.1
>100,000 9 33.33 7.49-70.1
Total 4,175 18 0.43 0.26-0.68

*Exact 97.5% Cl is given when incidence rate is zero.

0 0-0.1
0.81 0.02-4.45
0 0-3.8
10.77 4.44-20.94
11.11 2.35-29.2
0 0-52.2

WErOWIO—~,O

* Arithmetic and Williams’ geometric means have been calculated including zero counts and are expressed in mf per milliliter for L. loa and M. perstans and trophozoites per milliliter for P. falciparum.

(95% CI)

Arithmetic mean* (95% CI)
Williams’ geometric mean*

Prevalence (%)
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P. falciparum infection +

*

M. perstans microfilarial density +—¢—
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*
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*
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0 1

*

1
10 100

Ficure 1. OR for risk factors of post-ivermectin SAEs estimated by multivariate logistic regression. y.o. = years old.

cases (geometric mean = 42.7 versus 196.7 trophozoites/mL,
respectively; Kolmogorov—Smirnov test: P = 0.358). M. perstans
infection was more frequent in the SAE cases (44.4%) than
the rest of the population (29.5%) (Table 1). Among those
individuals presenting with M. perstans infection, mf density
tended to be higher in 8 SAE cases than 1,226 non-SAE cases
(geometric mean = 490.8 versus 121.6 mf/mL, respectively;
Kolmogorov-Smirnov test: P = 0.076).

Using multivariate logistic regression, we assessed the asso-
ciations between the occurrence of an SAE (variable of inter-
est) and five potential risk factors, namely P. falciparum
infection (absence/presence), L. loa mf density [logjo(x + 1)
transformed], age (13-29 [reference category], 30—44, 45-59,
and > 60 years), and sex (reference category: female); following
the trend previously observed, according to which M. perstans
infection was positively associated with occurrence of SAE,?
M. perstans mf density [logjo(x + 1) transformed] was also
included in the model as a potential risk factor.

Infection with P. falciparum was not associated with the
occurrence of an SAE (odds ratio [OR] = 1.23, 95% confi-
dence interval [95% CI] = 0.28-5.40, P = 0.788) (Figure 1). In
contrast, as expected, L. loa mf density was significantly asso-
ciated with the occurrence of an SAE, with an OR of 4.94
(95% CI = 2.84-8.58, P < 0.001), indicating a nearly fivefold
increase in the risk of an SAE for every unit increase in the mf
density on a logy scale (10/100/1,000/10,000).

M. perstans mf density was not significantly associated with
the risk for an SAE (OR = 0.73, 95% CI = 0.49-1.08, P =
0.12). Males tended to have an increased risk for an SAE
(OR =3.51,95% CI = 0.99-12.53, P = 0.053) compared with
females. Subjects 30—44 years old exhibited a significantly
increased risk for an SAE (OR = 4.89, 95% CI, 1.11-21.44,
P =0.035) compared with younger subjects.

In summary, the results concerning the influence of sex,
age, and L. loa and M. perstans infections on the development
of a post-ivermectin SAE confirm the results already
documented.*® We found no evidence that coinfection with
P. falciparum at the time of ivermectin treatment was associ-
ated with the occurrence of Loa-related SAEs in this popula-
tion. An unavoidable limitation of our study is that subjects

with mild and moderate adverse effects were treated immedi-
ately for ethical reasons. If symptomatic treatments reduced
the risk of progressing to SAE, associations between SAE
and the potential cofactors may have been biased to the
null hypothesis. However, when extending the group of
adverse event cases to those patients who presented any kind
of adverse events and using the same model and covariates,
no association was found between P. falciparum infection
and occurrence of the latter (OR = 0.85, 95% CI = 0.64-1.14,
P=0.27).

The absence of neurologic SAEs in the study population
after ivermectin treatment precludes any conclusions regard-
ing a possible association between P. falciparum infection and
neurologic SAEs. Animal models allowing the development
of both Loa and Plasmodium infections may be particularly
useful to test the possible association between L. loa, Plasmo-
dium, and neurologic post-ivermectin SAEs.
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