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Inflammatory reactions in onchocerciasis:
a report on current knowledge and
recommendations for further study *

P. M. HENSON,1 C. D. MACKENZIE,2 & W. G. SPECTOR3

This report concerns the host's reactions to the presence of the parasite both in
the course of the natural disease and during drug treatment. The various stages of
Onchocerca volvulus are discussed in terms of the type of tissue reaction seen. The
discussion then turns to basic hypotheses concerning the etiology of these reactions,
emphasis being placed on the fact that while pathological changes are considerable
in some locations there is a remarkable lack of reaction in others. Some of the
mechanisms possibly involved in this apparent absence of host response are
discussed, including anti-complement factors, poor antigenicity, acquisition of host
antigen, immune tolerance, and blocking antibodies. In any study of the inflamma-
tory response it is recommended that critical evaluations be made of histological
material, haematological studies, the definition of the antigenic nature of 0.
volvulus, characterization of immunological reactivity ofpatients, and the definition
of the migratory pathways of the parasite.

The marked host reactions seen following chemotherapy, especially those related
to the interaction of the drug diethylcarbamazine with microfilariae, are discussed at
some length. The etiology of these reactions is considered and recommendations are
made for the experimental elucidation of the mechanisms involved. Emphasis is
placed on the necessity for detailed sequential histopathological and immunopatho-
logical studies in the definition of the tissue lesions found in onchocerciasis.
Characterization of these lesions will assist greatly the approach to control of the
adverse reactions seen during treatment.

The use of anti-inflammatory agents in clinical trials is discussed and comments
are made concerning the most suitable clinical situations for testing drugs and the
types of drug that should be tested.

In this article we summarize existing knowledge of the inflammatory reactions
produced by an individual in response to invasion by Onchocerca volvulus. Consideration
is given to reactions occurring in the natural disease as well as to those appearing after
treatment with filaricidal drugs. Recommendations are made as to types of experimen-
tation and observations we consider likely to be most fruitful in understanding and
controlling these host responses to the parasite, particularly during treatment.

* A French version of this article will appear in a later issue of the Bulletin.
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THE UNTREATED DISEASE

Natural history

Inflammatory responses to invasion of tissues by 0. volvulus range from a total
absence of reaction to microfilariae lying in the skin to the considerable tissue changes
that are present in subcutaneous nodules containing adult worms. Variations in the
parasite itself and in the host's responsiveness during an infection may both be involved
in the type of inflammatory response seen, and both these aspects must be considered.

Three stages of 0. volvulus are present in the tissues of an infected individual:
infective larvae, adult worms, and microfilariae.

Infective larvae

This is the stage of the parasite that is first presented to the host by the vector,
Simulium damnosum. The literature makes very little reference to this stage and nothing
appears to be known about its transition to the adult form within the host. Recent in vitro
experiments using eosinophil adherence techniques indicate that this stage is highly
antigenic, antibodies to the cuticular antigens being present in the sera of infected
individuals (C.D. Mackenzie, unpublished results, 1978). The dermal responses to
salivary extracts of the blackfly, S. damnosum, have recently been investigated in
individuals living in the endemic area (C.D. Mackenzie, unpublished results, 1978).
These reactions in most cases have the hallmarks of a type I hypersensitivity reaction and
should be considered in the pathology of the disease complex, because of the possibility
of insect-derived antigens being present on infective larvae. The effect of these wheal and
flare reactions on the uptake and deposition of filarial organisms is unknown.

Adult worms

Traditionally, the nodules that contain the helminths are said to be masses of fibrous
connective tissue. It is unlikely, however, that such fibrosis could occur without some
preceding cellular infiltration. In fact, material collected from patients in the United
Republic of Cameroon, West Africa, clearly shows a chronic inflammatory infiltrate
enclosing an adult worm, the whole forming a typical subcutaneous nodule (C.D.
Mackenzie, unpublished observations, 1978). The infiltrate contains many eosinophils
and also macrophages, some apparently in the guise of epithelioid cells, together with
plump fibroblasts; similar findings have been reported previously by Connor et al.a In
time, like other inflammatory exudates, this granulomatous reaction probably becomes
converted first to cellular fibrous tissue, then to dense collagen.

Microfilariae
These are responsible for the major manifestations of the disease, in the eye and in

the skin. It is widely believed that lesions in these organs are associated with
inflammatory responses to dying microfilariae, but there seems little evidence to date for
a direct toxic effect on human tissues of material derived from the parasites. There is no
reason to believe that any fundamental differences exist between the pathological
response in the skin and the eye. In particular, in both locations, there is compelling

a CONNOR, D. H. ETAL. Human pathology, 1: 553-579 (1970).
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evidence that living microfilariae do not normally evoke any inflammatory reaction
whatsoever in the host. Histological sections of skin taken from heavily infected
individuals show microfilariae in the dermis with complete absence of surrounding
inflammation. Ophthalmologists also frequently record the lack of cellular reaction to
living microfilariae present in the cornea and in the anterior chamber of the eye.

Observations in the field suggest that patients in the early stage of infection, when the
microfilarial load is relatively low, do produce a cellular reaction to the parasite in both
the skin (C.D. Mackenzie, unpublished observations, 1978) and the eye (Anderson &
Thylefors, personal communication, 1978). However, as the parasite load increases in a

patient, the microfilariae appear to be better tolerated by the host and little cellular
response is evoked. This variation in response may be due either to a change in properties
of the parasite or more probably to an alteration in the host's responsiveness to the
infection.
A paradox appears to exist in that living microfilariae in well established infections

often provoke little or no host response while progressive lesions, presumably of
inflammatory nature, are nevertheless present in untreated patients. The progressive
nature of the disease could be related to host mechanisms involved in the elimination of
microfilariae or to host reactions against microfilariae dying of natural causes.

This brings us at once to the central problems of the pathogenesis of onchocerciasis,
which are clearly linked to its successful therapy and eradication.

Basic hypotheses

Histological description of the progression of the disease at different stages is badly
hampered by the lack of material providing information on the sequential changes in
tissues. It might be supposed, but with as yet inadequate evidence, that the lesions in the
eye and the skin consist of inflammation, especially rich in eosinophils, progressing to
fibrosis with secondary atrophy of the specialized tissues of the skin and eye. It also seems
possible that vasculitis occurs in the lesions and that small blood vessels may be
obliterated as a result. This would be particularly likely to have dramatic effects in the
posterior chamber of the eye. However, much more information is needed about the
vascular lesions, particularly with regard to immunopathological components.

If living microfilariae are readily ignored by the host tissues, it would seem that the
progressive inflammation referred to above must be due, broadly speaking, to one of two
mechanisms. Either dead microfilariae evoke a response notelicited by the living larvae,
or the inflammatory reaction is due to host mechanisms triggered byliving or dead
microfilariae. In the latter case it must be supposed that living microfilariae usually fail to
trigger this mechanism. Basic to these hypotheses is the question as to whether a

microfilaria killed by "natural" means is similar in the host responses it evokes to one

killed by drugs (the subject of pathology induced during chemotherapy will be discussed
later).

In the untreated disease, therefore, progressive inflammation, fibrosis, and tissue
destruction could be due either to gradual and continual death of microfilariae or to the
existence of a subset of microfilariae lacking in some protective factor which normally
prevents an inflammatory response from developing. Such a population might be
expected since natural selection is rarely perfect. There is at present no way of choosing
between these two hypotheses and both may be true. The dramatic inflammatory effect
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of microfilaricidal agents such as diethylcarbamazine (DEC) and suramin does not
necessarily favour the "death" hypothesis (for reasons that will become clear in a later
section). The two hypotheses will now be considered in more detail.

Pathogenesis of microfilarial lesions

Possible role of death of microfilariae
Several phenomena need to be explained. Clinically these are itching, pain, and

possibly hypotension. Histologically there is increased vascular permeability to protein,
together with exudation of eosinophils, neutrophils, and perhaps monocytes. All these
changes can be reproduced by pharmacological mediators such as histamine, kinins, or
activated complement components. In addition, many of these disturbances could result
from release of lysosomal contents. It seems likely that the death and autolysis of
microfilariae in the presence of human plasma would release or activate a wide variety of
pro-inflammatory agents. It may be that microfilarial death is not necessary for the
release or secretion of some of these enzymes and vasoactive amines but that a mere
alteration in microfilarial metabolism would be adequate. Thus changes in the cyclic
nucleotides could lead to the appearance of prostaglandins or thromboxanes, or materials
capable of generating these in the host, which would be pro-inflammatory. The
microfilariae could also leak or secrete proteases which in turn could form vasoactive
peptides or cleave complement to produce C5 or C3 fragments (both of which are strongly
pro-inflammatory).

An alternative but related hypothesis to account for the formation of inflammatory
mediators is that they are generated by immune complexes formed between antibody and
antigens derived from dying microfilariae. In preliminary studies, immune complexes
have been detected in the serum of patients with generalized onchocerciasis b and these
could conceivably play a role in the cause of the disease. Nevertheless, it should be noted
that the lesions so far observed, and the absence of renal disease, do not fit the pattern of
generalized immune-complex disease, and the presence of complexes in the circulation
does not necessarily mean that they play a major role in the pathogenesis of
onchocerciasis.

Possible role of the failure of microfilarial protective mechanisms

The most obvious protective mechanism whose failure could lead to a host reaction
against the parasite is the coating of the microfilariae with host antigens. Such a
mechanism has been described in the trematode Schistosoma mansoni and, although the
surfaces of nematodes are very different, a similar mechanism may exist in these
parasites, particularly in the microfilariae; however, there is no evidence in the literature
to support this theory. The microfilariae could presumably acquire a coat of host antigens
as they leave the uterus of the adult worm. Those adequately protected would be able to
migrate freely through the host's tissues without eliciting an immunological or inflamma-
tory reaction. If a proportion of microfilariae did not acquire an adequate coating of host
antigen, or lost it subsequently, they would elicit an inflammatory reaction that would
probably depend on an immunological response, since the microfilariae would now be
recognized as foreign. This response could involve IgE with associated basophil

b LAMBERT, P. H. ET AL. Journal of clinical and laboratory immunology, 1: 1-16 (1978).



INFLAMMATORY REACTIONS IN ONCHOCERCIASIS 671

infiltration, eosinophil infiltration, or complement activation by the conventional or
alternative pathways; or perhaps various combinations of these.

There are other means by which microfilariae could protect themselves from eliciting
an inflammatory reaction. It is conceivable that in most microfilariae the surface layer is
only poorly antigenic but, as postulated above, a subset of the population may have a
highly antigenic surface. If there are enough of these variants, significant inflammation
could be produced and the untreated disease would become progressive.

The production of anticomplement factors by parasites has been suggested in other
helminth systems,c and a similar mechanism may be operating in onchocerciasis.

Another possibility is the induction by microfilariae of "blocking antibodies" that
prevent immunological responses which might otherwise destroy these organisms. Once
again, it would have to be postulated that enough microfilariae evade the blockade to
ensure some degree of progressive immunologically-dependent inflammation. (Again
this may occur at the time of "natural" death of the aging parasite.)

Cell-mediated immunological tolerance to antigens exposed on living microfilariae
must also be considered, as must the possible existence of suppressor cells. Skin tests with
crude 0. volvulus antigens have demonstrated a partial anergy in heavily infected
individuals.d This finding needs to be confirmed.

Yet another possibility is that most microfilariae have a surface layer that does not
bind and activate complement by the alternative pathway (a similar situation appears to
exist with early larval forms of the nematode Trichinella spiralise). However, a minority
of the microfilariae may be able to activate complement and this would be sufficient to
maintain progressive inflammatory disease.

All these suggestions are based on the hypothesis that there is genetic or other
variation in the chemical and antigenic composition of the microfilarial wall. Any or all of
them can be invoked to explain the remarkable exacerbation of inflammatory responses
to 0. volvulus when microfilaricidal drugs are given to the patient.

Recommendations for study of the inflammatory response in the natural disease

Pathology
In order to understand the cause of onchocerciasis in man, a detailed pathological and

histochemical analysis is essential. This should provide much-needed information on the
nature of the inflammatory processes involved in nodule development and in skin and
eye changes associated with microfilariae, and of the effects of penetration of infective
larvae. Earlier studies on the pathology of this condition have been published,fgIh but
what is now needed is a more specialized examination. Particular emphasis should be
placed on early stages of the disease, on the inflammatory process in the skin and the eye,
and on the altered reactions after treatment with microfilaricidal drugs (see below).
Histological material already collected in various parts of the world should be re-
examined using specialized techniques such as those used to detect immunological
constituents.

c HAMMERBERG, B. & WILLIAMS, J. J. Immunology, 120: 1033-1038 (1978).
d BARTLETr, A. ET AL. Transactions of the Royal Society of Tropical Medicine and Hygiene, 72: 372-377 (1978).
e MACKENZIE, C. D. ET AL. Nature (London), 276: 826 (1978).
f BUCK, A. A., ed. Onchocerciasis. Symptomatology, pathology, diagnosis. Geneva, World Health Organization, 1974.
8 GIBSON, D. & CONNOR, D. H. American journal of tropical medicine and hygiene, 25: 74-87 (1976).
h GIBSON, D. & CONNOR, D. H. Transactions of the Royal Society of Tropical Medicine and Hygiene, 72: 137-154 (1978).
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It is recommended that efforts be made to perform autopsies on individuals with
onchocerciasis who die from other causes. Material from the skin and eye should be
analysed by light and electron microscopy and for evidence of local deposition of
immunoglobulin, complement, and coagulation components by immunofluorescence or
immunoperoxidase techniques. Questions that need to be addressed include those of the
nature of the inflammatory cells, of their association with microfilariae, and of immune
complexes, fibrosis, and possible alterations in the host cells that could explain the nature
of the lesions. It is also important, in the light of the demonstrated presence of circulating
immune complexes,i to determine whether lesions are present at sites known to be
susceptible to immune complex injury (e.g., renal glomeruli and joints).
A hypothesis to account for the retinal lesions involves the presence of local vasculitis

(which may also occur in the skin and at other sites). This may be caused by immune
complexes rather than whole microfilariae and might be localized at this site because of
prior antigen localization rather than because of deposition of circulating complexes. It is
important therefore to examine carefully the retina, not only for vasculitis and perhaps
endothelial cell injury, but also for immune complexes and for microfilarial antigens.

Such studies should help to document the inflammatory process which occurs in the
absence of immediately preceding DEC treatment. It seems likely that the effect of DEC
will turn out to be an exacerbation of these same processes, but this needs further
investigation.

Histopathological material obtained by biopsy
It is of great importance to collect extensive histopathological data from lesions

caused by microfilariae, and to relate the microscopical picture of the lesion to its naked-
eye appearance and to the natural history of the disease and of the patient. A
reassessment of existing histological material should be made and extensive new
investigations should be instigated. There seems to be no reason why skin biopsy could
not be employed extensively and intelligently. All that would be required in the field
would be simple instruments and a supply of histological fixatives in small containers. A
comparative study of similar lesions in different parts of the world would be an attractive
facet, as would be material fixed for ultrastructural study. Of paramount importance
would be ocular biopsies, if these could be obtained by a skilled ophthalmologist. We do
not stress the need for study of the lymphatic system, since it is doubtful whether such a
study in human onchocerciasis would be particularly fruitful, although it would
undoubtedly be of value in other filarial diseases such as infections due to Wuchereria
bancrofti and Brugia malayi. Necropsy material would also be of great value in building
up a picture of the natural history of the untreated disease.

Haematology
Studies in this field would be more important in the examination of patients after

treatment. Nevertheless, evidence of complement or coagulation-system activation, or
even of increased turnover of inflammatory cells, could help determine the presence of
an active inflammatory process, though not of its initiating factors. Studies such as this
could be useful in horses naturally infected with Onchocerca cervicalis.

LAmBERT, P. H. ET AL. Journal of clinical and laboratory immunology, 1: 1-16 (1978).
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Antigens

All stages of the parasite should be examined for the presence of human-derived
antigens and insect-derived antigens. Differences between the various stages of the
parasite with regard to onchocercal specific antigens should also be sought. Stage-specific
antigens have been suggested for other nematodes, particularly Trichinella spiralis,j and
such differences may contribute to differences in the inflammatory responses observed.

Accordingly, it is suggested that adult worms, newly-emerged microfilariae, micro-
filariae derived from the skin, and infective larvae obtained from S. damnosum each be
studied for their antigenic composition. Antigens derived from secretory products of
these parasites should also be sought.

Extracts and secretions of these nematodes could be examined by immunodiffusion
and similar techniques for human and insect antigens. Alternatively, the worms could be
used to immunize rabbits or goats and the resultant serum tested against human tissue
extracts. The pursuit of the definition of the antigen type, or types, involved in the host
responses to this parasite may be particularly valuable as it should provide improved
diagnostic tests and a better understanding of the pathology, and perhaps lead to
methods of modulating the host's response.

Surface antigens could be studied using immunoglobulin-binding assays,
immunoperoxidase techniques, and eosinophil-binding methods. Of particular relevance
would be the presence of different antibodies at different stages of the disease in patients
during initial infection or after treatment. In other words, are new antigens liberated or
exposed during treatment ? An additional purpose would be to obtain antigen extracts for
use in well-controlled skin tests and for detection of lymphocyte reactivity. This approach
might distinguish differences in host responses to living or dead microfilariae from
responses to other stages of the life cycle.

Immunological reactivity of patients
Knowledge of the immunological status of individuals with onchocerciasis might help

to determine the basis of their response. Thus another explanation for the normal
unreactivity of microfilariae is that the patients are immunologically tolerant to the
antigens exposed on the living microfilariae. Death of the microfilariae or reaction with
DEC (see below) could "break tolerance" by liberating new antigens, altering the
antigenic load, or perhaps altering existing antigens. Skin tests with defined antigens
could help to answer this question, as would studies of antigen-binding lymphocytes in
which antigenic stimulation was measured by incorporation of tritiated thymidine. Whole
microfilariae could be used as stimuli. These would be relatively sophisticated studies but
we feel that this type of approach may be needed in the future to gain a complete
understanding of the rather peculiar host-parasite relationship exhibited by human
infection with Onchocerca volvulus.

Migration patterns of onchocercal larvae and microfilariae
The migratory pathways of this nematode are largely unknown. Information is

required on the route, time, and mode of development of the adult worm from the
infective larva and on the proportion of larvae that eventually develop into adults. These
questions become relevant in relation to the infective load, the mechanisms by which

i MACKENZIE, C. D. ET AL. Nature (London), 276: 826 (1978).
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microfilariae are protected from the host response, and the potential for reinfection after
successful chemotherapy. One hypothesis is that it is necessary for the worm to be walled
off in granulomatous tissue in order to survive and/or in order for the emerging
microfilariae to gain a protective coat of human antigens. Studies of 0. cervicalis in
horses and 0. gutturosa in cattle, and perhaps rabbits, with radiolabelled larvae could
help to answer these questions.

DRUG INTERACTION WITH MICROFILARIAE:
THE PROBLEM OF THE DISEASE DURING TREATMENT

DEC appears to be an effective microfilaricidal agent in vivo, and suramin, although
somewhat toxic, appears to be additionally effective against the adult female worm in
vivo. Clearly, the search for better and safer macrofilaricidal agents should be pursued,
but we consider that means of damping down the reactions caused by death of
microfilariae should receive equal attention.

Our reason for this view is that effective treatment is commonly, perhaps usually,
accompanied by a severe exacerbation of the inflammatory reaction to the microfilariae.
This response is acute and sometimes dramatic. It may take the form of the Mazzotti
reaction with dermatological and systemic manifestations, and it may result in accele-
rated damage in the eye, perhaps with loss of vision. It seems possible that the more
effective the antimicrofilarial agent used, the more severe will be the accompanying
Mazzotti and associated reactions. For this reason we believe that a study of the
interaction of drugs such as DEC with the microfilariae of 0. volvulus is, together with
more and better-documented sequential histopathology, a priority.

Pathogenesis of the exacerbation caused by DEC: some hypotheses

It is generally considered that the Mazzotti reaction and its allied phenomena are the
result of speedy killing of microfilariae, it being assumed that living microfilariae for the
most part do not produce an inflammatory reaction, whereas dead larvae produce an
intense reaction. There are, however, many other possible explanations. In many ways,
discussion of the effects of DEC parallels that in the previous section in which the lack of
host response to microfilariae in the untreated disease is discussed. Thus, in general
terms, it seems likely that DEC does something to microfilariae that greatly increases
their ability to provoke an inflammatory reaction in the host. This is the heart of the
onchocerciasis problem and seven broad hypotheses are listed below to explain this
phenomenon, all of which are regarded as amenable to experimental study. It should be
stressed that no one hypothesis excludes another and that, on the contrary, more than
one of the mechanisms are likely to be operative. In addition, many of the observations
and experiments suggested relate to the pathogenesis of the untreated disease as well as
to the problem of drug/parasite interaction.

(a) DEC kills microfilariae which then become highly irritant. All the evidence
indicates that DEC does not kill washed microfilariae in vitro, even in high concentra-
tions. Killing must therefore depend upon host mechanisms, if only the presence of
plasma. Nevertheless, it is possible that DEC very quickly makes microfilariae leak pro-
inflammatory agents or agent precursors, such as histamine, serotonin, prostaglandins, or
thromboxanes, and kinin-forming and complement-degrading enzymes. It is quite
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reasonable to postulate that such leakiness would be an early and rapid manifestation of a
microfilaricidal action as a result of, for example, interference with energy-dependent
membrane integrity. All the substances listed are easily detectable in the laboratory.
A modified version of this hypothesis would be that DEC provokes microfilariae to

secrete products that are inflammatory by way of immunological or nonimmunological
mechanisms.

(b) DEC treatment removes a hypothetical coat of human antigen. If the lack of
reactivity of microfilariae is due to a coat of human antigens, as discussed in a previous
section, it is conceivable that DEC could remove it. The microfilariae would then be open
to attack by the body's immune system, e.g., via immune complexes or antibody and
eosinophils or basophils. An inflammatory response would then result. The speed of
onset of Mazzotti reactions implies that the natural death of microfilariae in untreated
cases leads to the presence of antimicrofilarial antibody or antimicrofilarial killer
macrophages or lymphocytes that are merely waiting for a large dose of exposed
microfilarial antigen.

(c) DEC activates complement on the microfilarial surface. DEC is not microfilaricidal
in vitro but may prove to be so in the presence of fresh serum or plasma, or may require
the presence of cellular components such as eosinophils or mast cells, or their
constituents. Reference has already been made to the possibility of complement
activation by a DEC-microfilarial antibody. It is also possible that DEC in binding to the
microfilarial surface could activate complement by the alternate pathway, without the
intervention of antibody. This would certainly provoke an inflammatory response.

(d) DEC stops production of a complement inhibitor. Activation of the complement
system is complex and, like blood coagulation, depends on a balance of activators and
inhibitors. It is possible that the nonirritant nature of microfilariae is due to the
production by them of a potent inhibitor of complement activation, especially if it
prevented the formation and splitting of C5, the most important precursor of inflamma-
tory mediators in the complement system. DEC might inhibit this hypothetical inhibitor.

(e) DEC breaks tolerance to microfilarial antigens. Many forms of immunological
tolerance to microfilariae could develop in the course of natural infection, and the
introduction of a molecule such as DEC could break tolerance in a variety of ways. If
immunity were present concomitantly with tolerance, the breaking of tolerance would
result in an immediate inflammatory response to the microfilariae.

(f) DEC alters the cyclic nucleotide status ofmicrofilariae. One of the strangest aspects
of DEC treatment is the reported mobilization and accelerated migration of microfilariae
that results. After drug dosage, increased numbers of microfilariae invade the cornea,
where they later straighten and die. Many others appear in the blood, urine, sputum, and
cerebrospinal fluid. One of the ways in which accelerated mobility can be induced in cells,
e.g., leukocytes, at the same time as alterations in permeability (see above), is by changes
in the cAMP/cGMP values and ratios at the cell surface. These cyclic nucleotides are very
susceptible to drug action and it is possible that DEC affects microfilariae through this
pathway.

An experimental approach to the mechanism of drug interactions with microfilariae

The central question addressed in this report, namely the nature of the drug-induced
inflammatory reactions occurring during treatment of onchocerciasis, may be best
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approached by a series of studies of the mode of action of the respective chemotherapeu-
tic agents on the nematodes. Concurrently, and in some cases more logically following
these basic studies, clinical trials of anti-inflammatory agents should be developed with
the object of suppressing the inflammatory response at the time of treatment (see
pages 680-681). However, the basic studies described below, should serve to indicate
which inflammatory mediators and mechanisms, e.g., histamine and vasoactive amines,
complement-derived phlogistic fragments, cell-derived proteases or permeability-induc-
ing agents, prostaglandins, kinins, are involved. This knowledge would then provide a
more rational basis for therapy with particular anti-inflammatory drugs as proposed in a
later section of this article (see pages 680-681).

Interaction of diethylcarbamazine (DEC) with microfilariae
Diethylcarbamazine kills microfilariae in vivo and produces a concurrent inflamma-

tory reaction, which, as noted above, may resemble in its pathogenesis the inflammation
occurring at the time of natural death of microfilariae in the untreated disease. In
contrast, DEC does not apparently kill microfilariae in vitro (see unpublished review by
Hawking 19. This observation needs careful confirmation, but may provide the key to the
central problem of DEC-induced inflammation. It indicates that host factors are
integrally involved in the microfilaricidal action of DEC. Knowledge of these processes
will in all likelihood provide the key to the mechanisms of inflammation.

Mechanisms of killing
A series of experiments should be performed in which washed microfilariae are

incubated in vitro with (a) DEC alone, (b) DEC plus normal serum (or normal plasma if
serum is not active, (c) DEC plus immune serum (or plasma) from infected patients.
These combinations in the presence of various inflammatory cells are of particular
interest in the light of increasing evidence for their participation in the killing of
nematodes.

Death of the worms should be correlated with (a) activation of the complement
system as measured by component consumption, antigenic conversion, etc., (b) activation
of the coagulation system, and (c) binding of serum components to the microfilariae.

As discussed below, the finding of microfilaricidal activity in normal or immune
serum, perhaps mediated by complement, would serve to answer some of the questions
and confirm or exclude some of the hypotheses listed earlier. If serum is not sufficient,
the sequential addition of cells should be attempted.

Initially eosinophils would seem to be the most likely candidates because of their
suspected involvement in the killing of helminths.I,m,n Nevertheless, it should be
emphasized that neutrophils are also seen in 0. volvulus reactions. Monocytes could also
be studied and finally, if none of these are effective, experiments should be made with
combinations of different cell types. We should like to emphasize a sequential approach
from simple to complex, with the initial goal of identifying the requirements and mode of
action of DEC-induced killing of microfilariae.

To test the hypotheses advanced earlier, it is obviously desirable to assess drug-
k HAWKING, S. Unpublished document WHO/ONCHO/78.142.
I BurrERwoRTH, A. E. ET AL. Nature (London), 256: 727 (1975).
KAzURA, J. & GROVE, D. Nature (London), 274: 588 (1978).

X MACKENZIE, C. D. ETAL. Nature (London), 276: 826 (1978).
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binding to the parasites. The ability of DEC alone to kill microfilariae implies that the
drug does bind to the organism. This should be tested with radiolabelled DEC. One
hypothesis for its lack of action on adult worms supposes an inability to bind, which again
should be investigated.

Unmasking of antigens and development of new antigens
The binding of DEC in the absence or presence of serum and cells may unmask

onchocercal antigens previously hidden by human material. Alternatively, DEC may act
as a haptene and provide a new antigenic determinant recognized by the host, or it may
change antigens sufficiently to " break " a state of tolerance. Binding of immunoglobulin
from infected but not from normal individuals, or from infected and treated individuals,
should serve to answer these questions. Assays could include immunoperoxidase,
eosinophil binding, or complement fixation techniques. In more sophisticated laboratory
surroundings, a radioimmunoassay for human immunoglobulins on the microfilariae
would be recommended for quantitative determinations.

Activation of complement
One of the more attractive hypotheses outlined earlier suggests that the interaction of

DEC with microfilariae leads to activation of complement, death of the worm, and
generation of pro-inflammatory C5 fragments. These have potent inflammatory potential
of their own at very low concentrations and could account for the inflammatory cell
accumulation in the eye and skin and for the immediacy of the early reactions to DEC.
The current theories of complement activation via the alternative pathway postulate a
continuous turnover of complement components that is kept at a low level by inhibitors.
Suppression of these inhibitors leads to enhancement of the alternative pathway. DEC on
the surface of the microfilariae might be expected to suppress these inhibitors, thus
activating the alternative pathway.

In vitro, interaction of DEC with microfilariae in the presence of serum from infected
patients, or from infected and treated patients, should be examined for complement
activation and for generation of C5 fragments.

In vivo, complement consumption before, during, and after DEC treatment should be
measured. This could be done on serum samples frozen at -70°C and would therefore
be relatively simple. C5a levels could be measured by the radioimmunoassays currently
being developed in a number of laboratories. However, it should be emphasized that,
while demonstration of a complement consumption in vivo would be suggestive, it could
as readily follow the inflammation as be its cause. In vitro experiments should therefore
also be pursued.

Effects of DEC on microfilarial physiology
Treatment with DEC results in extensive migration of microfilariae in vivo. The

hypothesis proposed above that the drug alters the cyclic nucleotide balance in the
microfilariae, inducing thereby an increase in motility, could be readily examined in vitro
and in vivo. In particular, cyclic nucleotide levels within the organism could be measured.
Inhibition of this motility in vivo by drugs such as theophylline during DEC treatment
might result in more effective killing of the microfilariae. An additional hypothesis to
explain the inflammatory effects of DEC is that its effects on microfilariae include the
induction of excretory or secretory activity. The products so produced could thus act
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antigenically, or more likely directly, to liberate inflammatory mediators from com-
plement, mast cells, etc. The supernatant media from experiments on DEC interaction
with microfilariae should therefore be examined for microfilarial products. If the
hypothesis proves valid it may be possible to inhibit such secretion/excretion and so
minimize the inflammation.

Leakage of microfilarial products
The interaction of DEC with microfilariae in the presence of host factors presumably

kills the worms and thus liberates their contents. These, like the secretions just discussed,
may be highly antigenic in people who have experienced low levels of onchocercal
antigens each time a microfilaria dies. In addition, as outlined in the first hypothesis listed
earlier, these materials would probably include proteases, etc., capable of activating
humoral and cellular mediator systems. In the in vitro experiments detailed above, the
appearance of such inflammatory materials in the medium should be sought during
microfilarial death. Antigens could be detected by precipitin reactions with serum from
patients. Substances of microfilarial origin capable of activating complement, of
stimulating neutrophil, eosinophil and basophil accumulation, of inducing mast cell and
basophil reactions, and of producing prostaglandins, etc., would be better studied in
laboratories regularly investigating these phenomena. They could be readily transported
to such centres.

Inflammation induced by microfilarial death: immune complexes
Injection of killed microfilariae into rabbits produced little inflammation.' This

argues against a potent direct effect of intracellular materials derived from the
microfilariae. Nevertheless, such effects should be sought, as contributory factors. In
addition, immunological factors may play a role. Thus injection of killed microfilariae
into immunized rabbits would be expected to induce inflammation via the immune-
complexes that would be generated. Since immune-complexes have been detected in
infected patients, this mechanism could result in enhancement, if not induction of the
inflammatory response. Immunopathological studies of patients (as described above)
coupled with in vitro experiments and investigation of the effects of microfilarial products
in experimental animals should help to clarify this possibility.

Microfilariae and cellular reactions

It appears likely that the DEC-induced inflammation follows conventional patterns
and involves first the accumulation of granulocytes and later of macrophages, and then
fibroblast activation, etc. The possibility that part of the microfilaricidal activity in vivo is
mediated by the known ability of eosinophils to generate large amounts of toxic oxygen
radicals (superoxide, hydrogen peroxide, hydroxyl radical, singlet oxygen) is intriguing.
In addition, some experiments with models of lung fibrosis implicate the generation of
such radicals by, for example, paraquat and ozone, in the induction of fibrotic change.
Experiments should be directed towards investigating (1) the nature of the antibody-
mediated adherence of eosinophils to microfilariae, including the possibility that IgE
antibody is involved; (2) the role of DEC in this reaction; (3) the effect of complement;

o GARNER, A. ET AL. ZeitschriftfiPr Tropenmedizin und Parasitologie, 24: 385-396 (1973).
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(4) the action of eosinophils on the microfilariae, i.e., the requirements for killing, and its
possible inhibition by superoxide dismutase and catalase; (5) the generation of oxygen
radicals; and (6) the release of eosinophil constituents.

Suramin and other filaricidal drugs
The mechanisms of action and the inflammatory potential of this action should be

investigated in vitro and in vivo (where possible) as described above for DEC.
Many known anthelmintics are of particular interest in the context of this problem,

because of their known interaction with components of the inflammatory reaction. Thus
levamisole is capable of enhancing the action of many inflammatory cells. This, and its
high toxicity, leads us to emphasize strongly its contraindication in onchocerciasis.

Suramin, however, has been effectively used in onchocerciasis. It has additional
interest because of its known ability to stabilize C3b and thus to enhance the activities of
the alternative pathway of complement.P This would fit with the hypothesis of
complement activation indicated above.

Key differences in the actions of suramin and of DEC are the ability of the former to
kill adult worms and its delayed action as a microfilaricidal agent. A mode of action
different from that of DEC appears probable but this requires further investigation in
vitro and in vivo (perhaps in the natural infections of horses and cattle). In particular, the
possibility that suramin treatment results in microfilariae that do not have a protective
coat (whatever this may be) and which therefore induce a delayed but effective
immunological reaction, could be evaluated.

Metrifonate may also have a different mode of action on the microfilariae. If each of
these drugs acts differently, and yet the inflammatory response is similar except for its
time of onset, the hypothesis that microfilarial death is itself the key factor is strongly
indicated. The immunological or nonimmunological mechanisms by which such death
induces inflammation should then be investigated as described above.

Long-term effects of treatment

The longer-term pathological effects that follow the cessation of the acute inflamma-
tory reactions to onchocercicidal drugs are more difficult to assess. They may fall into the
following categories.

Injury produced by immune complexes or delayed reactions

The presence of large amounts of immune-complexes in the circulation in persons
with untreated disease suggests the possibility that these may exacerbate lesions resulting
from their deposition in the tissues, perhaps in long established disease or after additional
doses of DEC. The sequential pathological evaluation of untreated patients and of
patients undergoing treatment, as already recommended, would help to reveal these
possible sequelae of treatment. Studies in horses with 0. cervicalis may also be helpful.

The possibility that microfilarial death in tissues induces a delayed, cell-mediated
inflammatory response seems unlikely from present evidence but nevertheless should not
be ignored. As a first step, histopathological evidence of granulomatous responses to
microfilariae should be sought.

P EISEN, V. & LOVEDAY, C. International archives of allergy and applied immunology, 45: 91-94 (1973).
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Immunological status of the treated patient

Once the patient has been successfully treated, and has responded to the massive
antigen load that results from killing the microfilariae, the immunological status should
be re-evaluated. A subsequent hypo- or hyper-reactivity to further infections with
Onchocerca might significantly influence the overall effectiveness of a treatment
programme in areas where reinfection would be expected.

Skin test responsiveness, antibody levels, and lymphocyte reactivity to antigens
derived from different stages of 0. volvulus (or even crude antigens) could be used to
determine the immunological status of the patient following successful treatment.

Proposals for a clinical trial of anti-inflammatory agents

In the current state of onchocerciasis therapy, there is good reason to believe that the
disease can be cured (although reinfection is not prevented) provided that the intense
inflammatory reaction that accompanies successful therapy can be controlled. In the past,
such attempts have been made with steroids and with antihistamines, but not systemati-
cally. The situation could, therefore, be said to be hopeful because it may demand only
the symptomatic relief of acute inflammation, while the causative agent is being safely
dealt with by DEC, metrifonate, or suramin.

The main body of expertise in the therapeutic control of the symptoms of
inflammation lies in the hands of physicians involved in the treatment of respiratory
allergies and rheumatological conditions. In choosing their anti-inflair matory drT gs,
however, they are heavily influenced by current research on pharmacological mediatois
of inflammation, in particular by information relating one or more such mediators to the
special type of inflammation they are trying to control. The more results that can be
obtained by experim ;nts on host/microfilarial reactions, the more likely is the proposed
therapeutic trial to result in the choice of the most appropriate compounds.

The various manifestations of the Mazzotti reaction, as can be judged from the
present state of knowledge, suggest that the use of DEC may cause the liberation, around
the microfilariae, of histamine, serotonin, prostaglandins, kinins, and activated com-
plement fragments. It would seem, therefore, highly reasonable to mount a clinical trial
in which an effective regime of DEC, suramin, or metrifonate would be combined with
appropriate, clinically proven and safe antagonists of the more important of these
mediators. The main classes of anti-inflammatory drugs available are as follows:

(a) Antihistamine drugs. These now come in two forms-HI and H2 blockers. The
nature of the response to be controlled suggests that Hi receptors would be the more
important. Nevertheless, there is some evidence that in classical histamine allergic
reactions, the two types of drug work additively, if not synergistically (Spector,
unpublished results, 1978). On the other hand, H2 blockers are expensive and their side
effects are not negligible. On balance, therefore, it would seem wise not to include them
in the regime.

As regards Hi blockers, a wide variety of cheap, effective, and safe drugs are
available and it could be left to the physician in charge of the trial to make his own choice.

(b) Serotonin antagonists. Many Hi blockers, for example the phenothiazines, also
inhibit serotonin, which in any case is probably not very important in man. Thus, there
does not seem much of a case for including a specific serotonin antagonist in the battery
of anti-inflammatory drugs.
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(c) Inhibitors of prostaglandins and "prostaglandin synthetase ". The use of these
drugs would be a new and important component of the proposed trial. The true classical
antagonists are aspirin and indometacin. These have the merit of being cheap. There is a
new generation of drugs in this category which are more or equally effective and safer;
these could be important in drug trials on patients whose general health and nutrition are
not good.

(d) Steroids. To suppress an acute inflammatory response, these might have to be
used in unacceptably high doses, and their long-term use might present serious problems.
They are drugs of the last resort in the control of inflammation in rheumatoid arthritis,
and it may be best not to include them, at least immediately, in the type of trial now being
proposed. in certain well-controlled trials in the future these drugs may be appropriate.

(e) Cytotoxic drugs. Drugs such as methotrexate are used to control immunological
inflammation, usually in combination with steroids. It may be that to interfere with the
immune response by using these drugs would impede the killing of microfilariae since
such killing seems to depend on host factors-antibodies, complement, or leukocytes, or
all these. It is not recommended therefore that they be used in the type of trial now being
proposed.

() Other antirheumatic drugs. Drugs exist that are effective in rheumatoid arthritis
but which do not appear to be anti-inflammatory in a general sense. Penicillamine and
gold salts fall into this category. It would seem premature to recommend their use in
onchocerciasis at this stage, quite apart from their serious side effects.

Summary of recommendations for a clinical trial

It is suggested that there should be a controlled trial of non-steroidal anti-
inflammatory drugs in combination with diethylcarbamazine (DEC) and possibly also
suramin or metrifonate. An Hi antihistaminic agent and a prostaglandin inhibitor are
recommended as the best initial anti-inflammatory combination. Physicians experienced
in the control of rheumatoid arthritis or allergic conditions would appear to be the most
appropriate people to conduct trials in collaboration with experts in the chemotherapy of
onchocerciasis. The ideal situation for the trial would be a high-incidence area where the
patients could be hospitalized. The schedule might involve a period of pretreatment for a
few days with the anti-inflammatory regime before the onchocercicidal drugs are given.
A control group would receive DEC alone, or DEC plus conventional low dosage
steroids. The design of the trial would be made easier by preliminary laboratory
experiments designed to determine the nature of any mediators released by DEC
treatment, but the trial could, if necessary, be conducted on an empirical basis.

GENERAL RECOMMENDATIONS

It is essential for studies of the required high standard that proficient laboratories be
established in endemic areas of disease. The association of such establishments with
hospitals is particularly important as hospitalization of patients will facilitate clinical trials
and aid in the collection of immunological and histopathological material.

Study of the patients' immunological profiles in the natural disease and during
treatment should be carried out by competent investigators in controlled conditions. Such
conditions necessitate the hospitalization of the patients under study, and close
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coordination will be required in obtaining the immunological data from infected
individuals in order to minimize variations due to the use of different techniques.
Consideration might be given to the establishment of a collaborating centre for the
assimilation and standardization of such data. In this particular type of collaborative
study, standardization of techniques is highly desirable. The production of standardized
and safe antigens for use in skin tests should be encouraged although it is recognized that
relevant antigens must first be defined.

Efforts to maintain the full cycle of 0. volvulus in the laboratory should be continued
as a major problem in this work is the supply of material for studies on antigens, drug
interactions with the parasite in vitro, and production of material for clinical studies.

The current efforts to develop better antifilarial drugs should also be continued, as
should the search for anti-inflammatory agents to suppress the reactions seen after drug
treatment. It is likely that a central problem in therapy is the pathological reaction to the
presence of dead parasites.


