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Abstract: Loa loa is originally a restricted filarial worm from central Africa and some west
African countries. However, numerous imported cases are being reported throughout the world
due to human movement. Traditionally, its diagnosis is based on identification of microfilariae
in the peripheral blood or the passage of the adult worm under the conjunctiva. However, few
patients have microfilariae in their peripheral blood, while the majority of infected people are
amicrofilaremic (without microfilariae in their blood), despite clinical symptoms suggesting
L. loa infection. This situation suggests that diagnoses based on the presence of microfilariae in
the blood or the ocular passage of an adult worm, are not sensitive. Therefore, it seems neces-
sary to search for biomarkers to remedy this situation. Furthermore, L. loa is a major obstacle
in the control of other filarial worms in areas where these filariae are co-endemic. To develop a
diagnostic tool based on a biomarker, several approaches have been considered using antibodies,
antigens or nucleic acid detection. However, none of the diagnostic techniques in loiasis based
on biomarkers has reached the point of care as have microscopic detection of microfilariae or
observation of ocular passage of a worm.
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Introduction

Loa loa filaria is a round worm discovered for the first time in the eye of a slave from
the Caribbean in 1770. Later this filarial worm was described in the Gulf of Guinea.
Although restricted to central African and some west African countries (Figure 1), this
filarial disease is now emerging as a public health problem due to increasing human
movement throughout the world. Loiasis is now frequently reported in America, Europe,
Australia' and Asia.? These imported cases cause several problems to the clinician in
areas of the world where L. loa is not endemic.’ Therefore, appropriate care is not
given to the patient at the appropriate time. Clinically, symptoms are in general mild
in indigenous populations,* but characterized by an allergic manifestation among
nonindigenous populations.’ Three main features characterize infection by L. loa:

e an angioedema known as a Calabar edema, which in general appears on the arms,
assumed to be caused by migration of the adult L. loa worm under the skin, and
disappears a few days later;

e ocular passage of the adult worm (also known as an eye worm) under the
conjunctiva;®

e encephalitis due to heavy microfilaremia (>30,000 microfilaria/mL), generally seen dur-
ing the treatment of this filarial disease with diethylcarbamazine (DEC) or ivermectin; ™’
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e other symptoms involving deep organs: lungs (e.g.,
pulmonary infiltrates), brain (e.g., encephalopathy in
the absence of treatment), heart (e.g., endomyocardial
fibrosis) and renal complications (e.g., renal failure), as
well as neurological and psychiatric disorders.! Recently,
although the study did not take into account other factors
of mortality, excessive mortality was shown in individuals
with a heavy microfilaria load.!' Nevertheless, loiasis is
still considered a benign disease and does not appear on
the World Health Organization’s official list of neglected
tropical diseases.!? These clinical features urgently require
an accurate diagnosis of L. loa for residents and immi-
grants from areas where L. loa is endemic, in order to
initiate appropriate care excluding confounding factors
that are ubiquitous in endemic areas such as malaria,
trypanosomiasis, bilharziosis and intestinal parasites.

Diagnosis of L. loa still depends on the presence of
microfilariae in blood (Figure 2), but these are present in only
30% of infections. Individuals with occasional passage of
adult worms under conjunctive tissue or people with occult
infection but without microfilaremia account for 70% of
infected individuals. The presence of microfilaremia or adult
worms are two specific signs, but they are not sensitive for the
detection of all cases of loiasis. It is, therefore, necessary to
detect biomarkers that could indicate the presence of L. loa
with enough sensitivity to detect all cases of loiasis and to
follow up L. loa-infected patients (Figure 1).

Life cycle

The cycle starts when a female Chrysops takes microfilariae
from the blood of an infected individual during a blood meal.
Then the microfilariae mature toward infective larvae (L3),
which become infective and can be transmitted to another
human during the next blood meal. In humans, filarial worms
will develop to adult stage and then can produce microfilariae,
which can be transmitted to the next individual during another
blood meal. The microfilariae have a diurnal periodicity,
appearing in the peripheral blood in the day time, and reach
their maximum at around midday (~11:00 am to 1:00 pm).

L. loa as a public health problem

L. loa was a highly restricted filarial disease, found in some
west African countries and in most central African countries,
as shown on the map (Figure 1). However, due to population
movement, cases of L. loa are now being reported world-
wide. This filarial disease has had an impact on the WHO
program on control of filarial disease by mass chemotherapy,
using ivermectin and diethylcarbamazine (DEC), given that

the administration of the drug in areas where this filarial
disease is endemic may induce fatal side effects such as
encephalitis.!? This side effect is usually observed in indi-
viduals with microfilariae up to 30,000 microfilariae/mL.
This suggests that accurate diagnosis is required to evaluate
the number of microfilariae in a given individual before drug
administration. This task is difficult with large populations
using microscopic counts and therefore a potential biomarker
is needed to facilitate the evaluation of the number of micro-
filariae. Furthermore, accurate diagnosis will help assess
the clinical outcome after treatment, mapping the spread of
L. loa in a large region, as well as the assessment of control
programs. In loiasis infection, the biomarkers evaluated so far
can be classified as originating with the human host (antibod-
ies) or parasites (circulating antigen, nucleic acid) (Figure 2).

Antibody detection of loiasis

infections: current status

Many antibody classes have been evaluated for the detection
of loiasis using many techniques such as electrosyneresis'?
and enzyme-linked immunosorbent assay (ELISA).!* These
approaches used either heterologous species'® or homologous
species.'® In most of these cases, antibody detection does
not distinguish active (currently infected with the parasite)
from passive infection (having been infected in the past but
infection has been cleared; antibodies remain present for
long period of time). Furthermore, cross-reactivity among
filarial antigens does not guarantee the specificity of these
tests, resulting in misinterpretation of the results. As a con-
sequence, it is difficult to assume that elevated antibodies are
caused by loiasis in co-endemic areas between several filarial
nematode species. However, it was noted that one specific
subclass of immunoglobulin G4 (IgG4) was elevated in this
infection and might be used as a marker of L. loa infection.'®
This observation was extended to a large population with
crude extract of microfilaria antigens.'” The use of crude
adult or microfilaria antigen product with an elevated level of
IgG4 as well as an elevated level of this subclass was noted in
many filarial infections, suggesting that this phenomenon is a
hallmark of filarial infection. In addition, it was shown that in
loiasis 70% of infected people are amicrofilaremic,'® and the
elevation-specific I[gG4 is still present, indicating that stimu-
lation of IgG4 is not necessarily linked to the presence of
microfilariae. This observation indicates that a specific [gG4
test will detect more infected people than the microscopic
detection of microfilaria. One limitation of this approach is
the source of antigenic material, making it difficult to stan-
dardize the technique. A solution to overcome this situation
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Figure | Natural distribution of Loa loa. Map of Africa showing the area of endemicity for L. loa (circled in red). Adapted from Sayre et al, A New Map of Standardized

Terrestrial Ecosystems of Africa. NatureServe. 2013.57

was the use of a recombinant molecule of L. loa. The recom-
binant antigen called L1-SXP-1 was used in an ELISA:" the
sensitivity of this assay was 56% and the specificity 98%.
Use of this test for the detection IgG revealed that 20 out
of 24 loiasis patients, one out of 20 patients with lymphatic
filariae and four out of 20 patients infected with Onchocerca
volvulus were also detected. An attempt to distinguish active
from past infection using this test with [gG4 showed that four
out of eight patients followed after treatment remained with
IgG4. The luciferase immunoprecipitation system (LIPS),%*

using the same LI-SXP-1, was able to achieve 100% speci-
ficity against uninfected patients and 97% specificity with
regard to other filarial infections when using its rapid format
(QLIPS/IgG). With the same recombinant antigen, a lateral
flow assay (LFA) was developed recently to detect antibodies
with sensitivity up to 94% and specificity at 100%?' compared
to nonendemic controls, and the specificity was 82%, 87%,
and 88% compared to O. volvulus, Wuchereria bancrofti and
Mansonella perstans, respectively. The latter test is about to
go to point-of-care evaluation.
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Figure 2 Loa loa microfilariae. Group of microfilariae purified from a hypermicrofilaremic individual stained with May-Grumwald Giemsa (A). Note the unstained sheath
of microfilaria during exsheathment, see arrows (B). The cephalic extremity of microfilaria without nuclei; but unstained sheath, see arrow (C). The tail of microfilaria with

nuclei extending to the end of the tail indicated by arrow (D).

Circulating antigens for the

detection of loiasis infection

An attempt was made to develop a circulating antigen test
through a polyethylene glycol ELISA (PEG-ELISA).?
Although detection of infected individuals was shown,
there was a cross-reaction with M. perstans-infected indi-
viduals and the nature of the antigen implicated in this
immunocomplex was not determined. Another attempt was
made after identification of a 38-kDa antigen of L. loa,*® by
co-clectrosyneresis, but the sensitivity seemed low: 24 out
of 47 microfilaremic and 11 out of 13 amicrofilaremic indi-
viduals. Despite its success in other regions, this approach
using antigen detection is limited in areas endemic for L. loa
and in co-infected individuals. Antigenemia was claimed to
be specific for W bancrofti. However, this test was found to
be cross-reactive with L. Joa in the Democratic Republic of
Congo?*and Cameroon® where L. loa is endemic. This sug-
gests great homology between lymphatic filaria and L. loa
antigens. Despite the simplicity of the test,* and the avail-
ability at the point of care, this approach is limited by cross-
reactivity. This is an important issue because the presence of
parasite antigen suggests a current or active infection with

the presence of the specific parasite from which antigen is
derived. Antigen quantitation is necessary in loiasis infection
and requires a specific test because the numbers of blood
microfilariae are the major cause of encephalitis in loiasis
infection. An attempt to develop such a test was made with
identification of quantifiable circulating biomarkers.* Using
the LOAG-16297 antigen LIPS assay, the sensitivity was
76.9% while the specificity reached 96% with a predictive
positive value of 95% and a negative predictive value of 80%.
Furthermore, a competitive LIPS assay using another marker
(LOAG-17808) showed a sensitivity of 80.7%, a specificity of
37.5% and positive and negative predictive values of 59.4%
and 64.3%, respectively. A significant correlation was shown
between these two biomarkers and the circulating blood
microfilaria examined under microscope.*

Use of nucleic acid as a biomarker

in loiasis infection
Three approaches are being used:

e a classical amplification technique using the L. loa
immunodominant gene for diagnosis of the infection.?”’
The main reports on this approach were based on the use
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of the 15-kDa L. loa gene:*’ this gene presents different
repeat sequences with some variability, which were used
to define a specific species sequence in its region 3.2
Using this method they were able to detect more cases
of L. loa infection. The performance of this assay was
improved by a nested PCR, ¥ which can detect more
occult infections because this status is prevalent in loiasis
infections;

e restriction fragment length polymorphism (RFLP)-PCR:*
in addition, since the quantification of microfilariae is cru-
cial to avoid a fatal side effect caused by drug treatment,
a quantitative PCR(qPCR) was developed.’! However, the
logistics surrounding the use of PCR for diagnostic pur-
poses require equipment such as a thermocycler as well
as personnel trained in the technique for the visualization
of the result (agarose gel, staining, etc.);

e detection of parasite DNA by loop-mediated isothermal
amplification.” This approach shows promise for diag-
nosis and quantification of microfilariae, essential to
avoid the fatal side effect observed during the treatment
of hypermicrofilaremic loiasis.* The LOOP method uses
eight primers that recognize a parasite’s DNA fragments
and a Bst polymerase (enzyme) with strand displace-
ment activity, under isothermal conditions. One set of
such primers was designed using a L. loa repeat DNA
sequence,® and it showed very high specificity compared
to other filarial parasites. The sensitivity of this tech-
nique is very high in detecting up to 5 Ag/mL of L. loa
DNA. Although the source of the DNA is not clear. It is
important to note that the filarial worm is a multicellular
organism that contains nuclear DNA and mitochondrial
DNA. Mitochondrial DNA is smaller and more suscep-
tible to destruction, and its life span can be shorter than
1 h. Nuclear DNA is larger and more stable. One plausible
explanation for the circulating DNA of this parasite in
the body fluid may be the release of nuclear DNA by the
parasite, in either adult worm or microfilaria form. This is
why even an amicrofilaremic individual may be positive
with the nucleic acid-based test. This presence of DNA
also suggests the presence of the parasite in current infec-
tion. However, the field evaluation of this technique is still
ongoing and its performance at the point of care has not
yet been determined. To quantify microfilariae, a LOOP
technique was developed with microfilaria-specific genes.
This technique is able to distinguish high microfilaremic
individuals and was improved by staining, which makes
the reaction visible with the naked eye.>*

Biomarkers in urine samples

Using urine is a noninvasive method that is easily accepted
by patients. Recently, antigen-based assays have been devel-
oped using protein identified in urine by the combination of
proteomic and bioinformatic techniques.* These techniques
use reverse LIPS to quantify microfilaria in a blood sample.
This technique will be useful for microfilaremic individuals
who need quantification before treatment. It is worth mention-
ing that this study specifically targets microfilariae, but the
LIPS technique is also capable of detecting amicrofilaremic
individuals. This is substantiated because protein isolated
from urine may contain antigens that can be used as potential
biomarkers,*® and the reaction of these antigens with human
specific IgG4 is significantly elevated in L. loa-infected
microfilaremic and amicrofilaremic individuals compared
to those with M. perstans microfilariae alone. The identity
of this antigen needs to be clarified.

Conclusion and perspectives for the
use of biomarkers to detect L. loa

infection

One general advantage of the biomarkers (antibodies,
antigens, DNA) used now is the possibility of collecting
samples for experimentation at any time of day. Although
the technique using nucleic acid needs a supplementary chal-
lenging step with DNA extraction, loop-mediated isothermal
amplification seems to be more promising because it allies
the power of the amplification technique, the simplicity
of isothermal amplification and a visual end result that is
accessible to naive individuals. However, the perspective of
developing a rapid format of protein expressed at all stages
of parasite development would be ideal for point-of-care
diagnosis.
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