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Abstract.

To investigate the impact of mass ivermectin treatments in Mexico on Onchocerca volvulus transmission,

entomologic surveys were carried out in the two endemic states of Oaxaca and Chiapas. The data suggest that substantial
progress towards the goal of elimination has been made. A comparison pre- and post-ivermectin data from a community
in Southern Chiapas showed a 97% decrease in seasonal transmission potential, but some level of polymerase chain
reaction positivity was still detectable. In other communities from northern Chiapas and Oaxaca where there are no
baseline data, there was an absence or near absence of infective flies. Residual transmission was not evenly distributed
because differences were seen in the infection and infective rates from different catch points. These findings suggest that
while substantial progress towards elimination has been made in Mexico, it may be necessary to modify ivermectin
distribution strategies to eliminate transmission in areas where transmission persists.

INTRODUCTION

Onchocerciasis, or river blindness, still poses a threat to
public health in Africa and Latin America. It is caused by
infection with the filarial parasite Onchocerca volvulus. In
Mexico, O. volvulus occurs in three endemic foci located in
Oaxaca and in southern and northern Chiapas. This repre-
sents an area of roughly 16,932 km? with a population of
approximately 192,000 inhabitants, of which 25,000 are in-
fected with O. volvulus.'>

Onchocerciasis is being combated in Latin America by the
Onchocerciasis Elimination Program in the Americas
(OEPA) whose major goal is to eliminate severe pathologic
manifestations of the disease and to reduce morbidity through
mass distribution of ivermectin, a microfilaricidial drug.?
There is also hope that if the human microfilarial load is
reduced by mass ivermectin treatment to a level that is below
what is necessary to maintain transmission, transmission may
be interrupted and the infection eventually eliminated. Un-
fortunately, both the minimum reproductive rate and the
level of transmission necessary to maintain the minimum re-
productive rate for O. volvulus remain to be precisely deter-
mined. In the absence of this essential information, the World
Health Organization has developed a series of criteria for
certifying that an area is free of onchocerciasis.* These criteria
are based upon a demonstration that transmission and infec-
tion incidence have dropped below a certain specified value
and remain below this value for a period of seven years.* Two
different measures of transmission suppression are currently
used. In areas where pre-treatment data are available, sup-
pression of infectivity is defined as a 99% reduction in trans-
mission from pre-treatment rates. In areas where pre-
treatment data are not available, suppression of infectivity
has been set at a level of no more than one in 10,000 flies
carrying infective larvae.* Suppression of transmission has
been achieved through ivermectin distribution in some areas
in Latin America,>”’ and with vector control in Africa.® How-
ever, progress towards interruption of transmission in Mexico
has been slower, despite multiple semi-annual treatments
with ivermectin.®*~!!
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In the Mexico-Guatemala region, onchocerciasis is associ-
ated with coffee plantations, and the seasonal third-stage lar-
vae (L3) transmission peak occurs in the late dry season in
association with the presence of old, multiparous Simulium
ochraceum sensu lato females.'?~'* It has been suggested that
the origin of the onchocerciasis focus in southern Chiapas was
a consequence of the migration of coffee plantation laborers
from Guatemala, and that the northern Chiapas focus was
established as a result of annual visits of northern residents to
the southern Chiapas focus for the coffee harvest.'*!> If this
was the case, the northern Chiapas endemic focus may be
made up entirely of imported cases of onchocerciasis. It is not
known if autochthonous transmission exists at this focus.

The Oaxaca endemic focus does not seem to have any epi-
demiologic link with the other foci in Chiapas and Guate-
mala. Its origin may be due in part by the human movements
to the south to perform religious pilgrimages. Parasitologic
findings showed that the transmission in Oaxaca may be sup-
pressed.'® However, this finding needs to be confirmed by
entomologic studies to ascertain that effective ivermectin cov-
erage has indeed been able to suppress transmission and that
this may eventually reduce reproduction in the parasite popu-
lation below the minimum reproductive rate breakpoint.

Detection of natural infection levels in simuliid populations
classically has been accomplished through the dissection of
wild caught flies. This technique is capable of estimating par-
ity rates and transmission levels; however, in the face of an
effective control program, the infection prevalence in fly
populations becomes drastically reduced. This means that a
very large number of flies must be examined to accurately
measure transmission levels, limiting the value of dissection
as a tool for estimating infection rates in the vector popula-
tion. Polymerase chain reaction (PCR) assays for detecting O.
volvulus larvae in flies have been developed over the past
decade. These are based on the amplification of an On-
chocerca repeated sequence gene family (O-150), followed by
hybridization of the amplified products with an O. volvulus
species-specific DNA probe;'”™'? The PCR data generated by
screening pools of flies can then be analyzed to calculate the
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proportion of flies infected, and the mean larval load per fly
can be further estimated from these data.'’?*2! This ap-
proach has been validated in Mexico in a comparison study
between a PCR and the dissection in which both methods
produced statistically similar estimates of the prevalence and
infection intensity in a fly local population.'' The PCR pool
screen method has also recently been used in a large-scale
study to assess infection prevalence in S. exiguum and S.
quadrivittatum from the Ecuadorian endemic areas subject to
in-depth entomologic evaluations.”

Here, we report data arising from a large-scale study to
evaluate O. volvulus transmission by an O-150 pool screen
PCR in seven sentinel communities in the three onchocercia-
sis endemic foci of Mexico.>” The procedure used here may
be applicable to other control programs targeting filarial in-
fections transmitted by Simulium or other arthropod vectors.

MATERIALS AND METHODS

Characteristics of the sentinel communities. Mexico began
ivermectin distribution for onchocerciasis in 1989, treating
only symptomatic individuals. In 1991, the program was ex-
panded to include all eligible individuals in selected commu-
nities, most of which were hyperendemic for O. volvulus in-
fection. Since 1995, distribution of ivermectin has been sched-
uled semi-annually for all at risk communities. At the time of
the present study, the communities had received 17 rounds of
ivermectin treatment. Average coverage with ivermectin of
all eligible individuals in 2001 was 88%, which represented
the distribution of approximately 300,000 oral doses of iver-
mectin.?

Mexico is a member of OEPA and follows the recommen-
dations suggested by OEPAs expert committee. Committee
guidelines include the designation of sentinel hyperendemic
communities for each endemic focus and an in-depth epide-
miologic evaluation of these sentinel communities at roughly
four year intervals. An in-depth epidemiologic evaluation in-
cludes determination of the ivermectin coverage of the eli-
gible population, the prevalence and intensity of skin microfi-
larial community load, the prevalence of microfilariae in the
anterior chamber of the eye, the prevalence of infection in
insect vectors, the annual transmission potentials, the sero-
prevalence and the positive seroconversion in the population
= 5 years of age (i.e., those born since the previous evalua-
tion). In this study, the four sentinel communities of Oaxaca
(La Chichina, La Esperanza, Santiago Lalopa, and Santiago
Teotlaxco) and two of the six sentinel communities of south-
ern Chiapas (Morelos and Ampliaciéon Malvinas) were in-
cluded. Sentinel communities for the northern Chiapas en-
demic focus have not been officially identified. Altagracia in
northern Chiapas was selected as a study site based on the
recommendation of local health officials. The affected ethnic
population in Oaxaca and northern Chiapas are indigenous
peoples, while the affected population in southern Chiapas
are of mixed heritage (Table 1). The most important eco-
nomic activity in all foci is coffee production.

Fly collection and processing. Simulium ochraceum s.l.
were collected using the human landing-bait method. Volun-
teers for this purpose were selected from the endemic com-
munities, and performed in teams of two, representing a bait
and a collector. All participants received ivermectin treat-
ment before beginning fly collection activities. Ethical and

TABLE 1
Demographic characteristics of the study communities in Mexico

Skin

Predominant ethnic microfilaria

Focus/community Population group prevalence*
Oaxaca
Santiago Teotlaxco 456  Indigenous, 7%
Santiago Lalopa 562 mainly Zapoteco
La Esperanza 236 and Chinanteco
La Chichina 368
Total 1,622
Southern Chiapas
Morelos 382  Mixed heritage 16%
Ampliacién Malvinas 234
Total 616
Northern Chiapas
Altagracia 236  Indigenous, mainly ND
Chamula, Tzotzil,
and Zoque
Grand total 2,474

* As estimated by skin snip. ND = not determined.

biosafety procedures followed those of the corresponding
committees of the National Institute of Public Health (Mexi-
can Health Ministry, Cuernavaca, Morelos, Mexico). Insect
collections were carried out as previously described.”!?
Daily entomologic sampling began at 11:00 am and ended at
4:50 pm, which represents the diurnal period with the highest
proportion of parous hematophagous flies.>? Collections con-
sisted of 50-minute sampling units followed by 10-minute
breaks. The collection of insects was conducted simulta-
neously in two sites for each community, one in a nearby
coffee plantation and the other within the community, during
the transmission season from February to May 2001. To de-
termine the S. ochraceum s.l. parity rate in each community,
daily collections and dissection of S. ochraceum s.l. were per-
formed according to the method of Cupp and Collins.>* The
simuliids were collected before procuring a blood meal.
Therefore, what we refer to as biting rates will be more ac-
curately classified as landing rates. The latter may overesti-
mate the former because feeding success was not measured.**
Following collection, flies were preserved in isopropanol
and stored at room temperature. Preserved flies were identi-
fied to the species level, and the few flies found to contain
traces of a blood meal were discarded. Simulium ochraceum
s.l. flies were separated into individual pools each containing
50 flies each, rinsed three times in 95% ethanol, air-dried
briefly, and placed into individual 2.0-mL polypropylene
cryotubes. Five of these cryotubes at a time were transferred
to a conical 50-mL polypropylene centrifuge tube and the
tube placed in liquid nitrogen for 30 minutes. The tubes were
removed from the liquid nitrogen and subjected to vigorous
agitation to separate the heads and bodies. The heads were
then purified from the bodies by passage through a 25-mesh
sieve. The heads and bodies were collected into separate 1.5-
mL microcentrifuge tubes and processed separately.’
Purification of DNA. The separated pools of heads and
bodies were homogenized in a buffer containing 100 mM
NaCl, 10 mM Tris-HCI, pH 8.0, 1 mM EDTA, 0.1% sodium
dodecyl sulfate, 100 pg/mL of proteinase K, and 3 pg/mL of
salmon sperm DNA. The homogenates were incubated at
55°C for one hour to digest the included protein and boiled in
the presence of 10 mM dithiothreitol to disrupt the parasite
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cuticle. Boiling was followed by a series of freeze-thaw steps
to release the DNA parasite from the parasites. The DNA
was then purified from the individual preparations by two
cycles of extraction with 1:1 (v/v) phenol-chloroform, fol-
lowed by one extraction with chloroform. The aqueous layer
of this solution was then transferred to a well of a deep well
microtiter plate. The DNA was purified in the deep well mi-
crotiter plate by two rounds of glass absorption as previously
described.!! Purified DNA was then eluted with 50 pL of 10
mM Tris-HCI, pH 8.0, 1 mM EDTA and stored at -80°C.

Analysis by the O-150 PCR. All PCRs were carried out in
sets of 84 samples, in rows B-H of a PCR microtiter plate. A
volume of 2.5 pL of the purified genomic DNA was used as
a template for the PCR amplifications carried out in a total
volume of 50 pL containing 0.5 uM of O-150 primer (5'-
GATTYTTCCGRCGAANARCGC-3') and 0.5 pM of bioti-
nylated O-150 primer (5'-B-GCNRTRTAAATNTG-
NAAATTC-3’, where B = biotin; N = A, G,C,orT; Y =
Cor T; and R = A or G). Reaction mixtures also contained
60 mM Tris HCI, pH 9.0, 15 mM (NH,),SO,, 2 mM MgCl,,
0.2 mM each of dATP, dCTP, dGTP and dTTP, and 2.5 units
of Taq polymerase (Roche Diagnostics, Indianapolis, IN).
Cycling conditions consisted of five cycles of one minute at
94°C, two minutes at 37°C, and 30 seconds at 72°C, followed
by 35 cycles of 30 seconds at 94°C, 30 seconds at 37°C, and 30
seconds at 72°C. The reaction was completed by incubation at
72°C for six minutes. Row A was reserved for 10 negative
controls and two positive controls. One positive control con-
tained the minimal amount of positive control DNA found to
be consistently detected by the PCR amplification conditions,
as determined by an initial titration study. This control was
carried out to ensure that all of the reaction sets were oper-
ating at peak efficiency. The second positive control con-
tained the same minimal amount of positive control DNA
mixed with 2.5 pL of a DNA preparation from a pool that
tested negative in a prior set of reactions. This control en-
sured that no inhibitors were present in the fly DNA prepa-
rations.

The PCR amplification products were detected by PCR
enzyme-linked immunosorbent assay (ELISA) essentially as
previously described.”?>25 Briefly, 10% of each PCR ampli-
fication reaction (5 pL) was bound to a strepavidin (1 pg/
mL)-coated ELISA plate, and the DNA strands denatured
by treatment with alkali. The bound PCR fragments were
then hybridized to a fluorescein-labeled O. volvulus-specific
oligonucleotide probe (OVS2: 5'-AATCTCAAAA-
AACGGGTACATA-FL-3'), and the bound probe detected
with an alkaline phosphatase—labeled anti-fluorescein labeled
antibody (fragment FA; Roche Diagnostics). Bound antibody
was detected using the ELISA amplification reagent kit from
Invitrogen/BRL (Carlsbad, CA) following the manufacturer’s
instructions. Color development was stopped by the addition
of sulfuric acid, and the plates read in an ELISA plate reader
set at 450 nm. The cut-off for classifying a sample as puta-
tively positive was set at the mean of the 10 internal negative
controls plus three standard deviations, or 0.1, whichever was
greater. A second independent PCR and ELISA were then
carried out on the putatively positive samples. Only putative
samples classified as positive in both independent reactions
were scored as confirmed positive.

Data analysis. Five entomologic parameters were selected
for analysis in this study. These were as follows.

Infection rate in the parous vector population. This was
calculated from the proportion of body pools positive in the
PCR assay, and expressed per 10,000 flies.

Infective rate in the parous vector population. This was es-
timated from the proportion of head pools positive in the
PCR assay and expressed per 10,000 flies. The Poolscreen®
computer program®' was used to estimate both proportions
and the 95% confidence intervals (CIs) surrounding these
parameters. To reflect the proportion of parous flies in the
population assayed by PCR, the pool size in the Poolscreen®
algorithm?®! was adjusted.?” For example, for a parous rate of
80% and a pool size of 50 flies, the infection rate in the parous
population was corrected by entering a pool size of 40 in the
Poolscreen® program, reflecting the average number of pa-
rous flies in each pool.?’

Larvae per parous fly. This value was derived from the
observed proportion of positive parous flies with any O. vol-
vulus larval stage. This was calculated by determining the
number of flies carrying larvae in either the head or body
divided by the total number of parous females tested. This
estimate takes into account a given degree of larval aggrega-
tion, with £ = 0.273 assumed to be a known parameter for S.
ochraceum s.1.%°

Monthly biting rate (MBR). The MBR was obtained from
the number of flies caught multiplied by the number of days
in month and divided by the number of catching days, as
described by Walsh and others.?® The MBR was divided by
two (the number of sampling sites in each community) to
obtain the mean MBR per person. The MBR of parous flies
was obtained by multiplying the overall MBR by the propor-
tion of parous flies found at each community. The standard
deviation of the MBR of parous flies was calculated as the
square root of the variance of the product of the MBR of
parous flies times proportion of parous flies, using the method
of statistical differentials***° where the variance of propor-
tion of parous flies was estimated using the normal approxi-
mation.

Seasonal transmission potential. Because no collections
were undertaken outside of the peak transmission season, it
was not possible to calculate the annual transmission poten-
tial (ATP). However, because the levels of transmission dur-
ing the peak transmission season were very low (due to the
effect of multiple rounds of ivermectin treatment), it is likely
that transmission outside of the peak transmission season was
zero or close to zero. Therefore, the seasonal transmission
potential probably represents a good estimation of the ATP.
The seasonal transmission potential was estimated by multi-
plying the MBR by the proportion of flies carrying infective
stages of the parasite (i.e., parasites in the head capsule). This
value was then multiplied by the estimated mean number of
L3 larvae per infective fly. Simulium ochraceum s.l. typically
has 1.5-2.0 O. volvulus L3 per infective fly in areas without
intervention.?® However, the number L3 per infective fly
would be expected to decrease as the community microfi-
lariae load decreases from ivermectin treatment,’ so this num-
ber after 17 rounds of treatment would be expected to be
closer to 1. A value of 1 was therefore used in calculating
monthly transmission potentials when analyzing the post-
treatment data. This product was defined as the monthly
transmission potential. Seasonal transmission potentials were
then calculated by summing the monthly transmission poten-
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tials. In all cases, estimates for which the 95% CIs did not
overlap were considered to be significantly different at the
P < 0.05 level.

RESULTS

The demographic characteristics of the seven sentinel com-
munities are summarized in Table 1. Before commencing the
ivermectin program, all sentinel communities from the en-
demic focus of southern Chiapas were classified as hyperen-
demic (prevalence of skin microfilariac = 60%). However,
those in Oaxaca and northern Chiapas were either mesoen-
demic or hypoendemic.

A total of 54,933 S. ochraceum s.1. were collected at all sites,
representing 312 collection days (Table 2). The overall pro-
portion of parous females was 79% (range = 58-94%). Other
species collected as part of this study (e.g., S. callidum and S.
metallicum s.l.) were not analyzed further. Overall, 56% of
the S. ochraceum s.1. pools (range = 23-100% ) were tested by
the PCR (Table 2). The proportion infected (i.e., positive
bodies) and infective flies (i.e., positive heads) were then cal-
culated from the proportion of positive pools and the number
of flies per pool. The results of this analysis are summarized
in Table 3. In general, the proportion of infective and infected
flies from each site paralleled one another, although as ex-
pected, the proportion of infected flies was generally higher
than the proportion of infective flies. The infection rate in
Oaxaca was 22.0/10,000 (95% CI = 15-30), while the infec-
tive rate was 1.4/10,000 flies (95% CI = 0.26-4). Infected flies
were not detected in northern Chiapas (95% CI = 0-5.3), but
one pool of heads was found to be positive, leading to a
calculated infective rate of 2.8/10,000 flies (95% CI = 0.08-
14). In southern Chiapas infection rates were significantly
higher than those in either northern Chiapas or Oaxaca (82.0/
10,000; 95% CI = 57-114). The proportion of infective flies
was also significantly higher than that found in Oaxaca and
higher than that found in northern Chiapas (11.6/10,000; 95%
CI = 4.2-25.3), although this difference was not statistically
significant due to the wide 95% CI surrounding the infective
prevalence estimate in northern Chiapas.

Mean intensity of infection (i.e., the estimated number of
infective larvae per parous fly) was estimated from the PCR
data as described in the Materials and Methods. The lowest

TABLE 2

Simulium ochraceum s.1. collected and tested from the sentinel com-
munities in Mexico

Focus/sentinel Catch Flies Flies
community days collected examined % Parous

Oxaca

Santiago Teotlaxco 49 8,039 2,400 80

Santiago Lalopa 50 10,441 2,450 76

La Esperanza 30 15,036 10,650 58

La Chichina 48 6,450 6,450 77

Total 177 39,966 21,950 73
Southern Chiapas

Morelos 50 5,894 3,450 77

Ampliacién Malvinas 41 2,631 1,850 94

Total 91 8,525 5,300 86
Northern Chiapas

Altagracia 44 6,442 3,650 77
Grand total 312 54,933 30,900 79

overall estimated mean intensity of infection was found in
northern Chiapas (0.00048; 95% CI = 0.00046-0.00142 larvae
per parous female). A low infection intensity was also found
in Oaxaca (0.00395; 95% CI = 0.00283-0.00506). Intensities
of infection in both northern Chiapas and Oaxaca were sig-
nificantly lower (P < 0.05) than the intensity of infection in
southern Chiapas (0.01269; 95% CI = 0.00871-0.01667).

Because flies were only collected during the peak transmis-
sion season, it was not possible to accurately estimate the
ATP from the data. In place of the ATP, a seasonal trans-
mission potential was calculated. However, because transmis-
sion outside of the peak season is likely to be extremely low
or non-existent, it is likely that the seasonal transmission po-
tential is a fairly accurate estimate of the ATP. Pre-treatment
transmission data were available from one of our study com-
munities (Morelos in southern Chiapas), based upon dissec-
tion of 6,819 flies.>! When these baseline data were compared
with the seasonal transmission potential data derived from
the pool screen PCR, transmission was estimated to have
decreased by 97% (95% CI = 91-99%) as a result of treat-
ment (Figure 1). The average number of L3s/fly in S. ochra-
ceum s.l. is approximately two in areas without treatment and
one in areas with treatment; therefore, a person living in the
community during the 1981 and 2001 dry seasons received an
estimated number of O. volvulus L3 larvae of 40 and 1, re-
spectively. No pre-ivermectin data were available for the
other foci. In Oaxaca, the overall seasonal transmission po-
tential from the four communities was 0.53 (95% CI =
0.1-1.50) L3/person. In two communities, it was zero, and in
another two, it was 0.66 and 2.0 L3/person (Table 3). The
seasonal transmission potential in the community of Altagra-
cia in northern Chiapas was 0.62 (95% CI = 0.1-3.1) L3/
person, which may indicate evidence of autochthonous trans-
mission, although this calculation was based upon a single
PCR-positive head pool.

DISCUSSION

This is the first large-scale entomologic study using a PCR
to measure transmission of O. volvulus in Mexico. The data
presented above may be very useful to the Mexican National
Onchocerciasis Control Program, which aims to eliminate on-
chocerciasis transmission with semi-annual treatments with
ivermectin. This effort is based upon the hypothesis that iver-
mectin can reduce the skin microfilariae community load to a
level that results in a reduction of transmission to a rate that
is below what is necessary for the parasite population to main-
tain itself. As mentioned in the introduction, this value (the
level of transmission necessary to maintain parasite reproduc-
tion above the minimum reproductive rate) remains to be
precisely defined. However, the transmission suppression ef-
fect of ivermectin is hypothesized to be particularly potent in
areas where S. ochraceum s.l. is the vector, such as the foci in
Mexico, because S. ochraceum s.l. is a facilitation-type vector
that must feed on people with comparatively high microfila-
deremia to develop significant numbers of infective-stage lar-
vae.*® The data presented above demonstrate a dramatic re-
duction of transmission in the foci in Oaxaca and Chiapas,
both of which have received multiple ivermectin treatments.

Given that mass delivery of ivermectin affects the microfi-
larial load in the skin of the human host population, and
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TABLE 3
Infection prevalence, infectious prevalence, and seasonal transmission potential in Simulium ochraceum s.l. at the sentinel communities
in Mexico*
Estimated mean Seasonal
Focus/sentinel Infection rate (per Infective rate (per number of larvae transmission
community 10,000 parous flies) 10,000 parous flies) per parous fly potential
Oxaca
Santiago Teotlaxco 68.0 8.5 0.0056 2.00
35-118 1.0-29.8 0.0027-0.0084 0.20-7.00
Santiago Lalopa 67.0 0.0 0.0042 0.00
34-115 0.0-7.8 0.0020-0.0064 0-2.50
La Esperanza 17.6 0.9 0.00519 0.66
9.8-28.6 0.03-4.8 0.0029-0.0075 0.02-3.5
La Chichina 0.0 0.0 0.0 0.00
0-2.9 0-2.9 0.0-0.0 0.00-0.70
Total 22.0 14 0.0040 0.53
15.0-30.0 0.26-4.0 0.0028-0.0051 0.10-1.50
Southern Chiapas
Morelos 81.0 59 0.0121 1.02
48-125 0.6-21.2 0.0072-0.0170 0.10-3.70
Ampliacién Malvinas 86.0 22.8 0.0154 2.23
43-151 5.8-58.1 0.0079-0.0230 0.60-5.60
Total 82.0 11.6 0.0127 1.53
57-114 42-253 0.0087-0.0167 0.5-3.3
Northern Chiapas
Altagracia 0.0 2.8 0.00048 0.62
0-5.3 0.08-14 0.0005-0.0014 0.1-3.1
Grand total 28.0 3.2 0.0048 0.78
22-36 1.5-5.9 0.0038-0.0058 0.4-1.4

*In each cell, the top number in bold represents the estimated value and the lower numbers represent the 95% confidence interval surrounding the estimated value.

therefore parasite uptake by the simuliid vector,*>* it has
been suggested that entomologic indicators of impact of iver-
mectin on transmission be based upon the prevalence of all
forms of the parasite found in the vector, and not just infec-
tive larvae alone.?®>° In this way, changes in infection rates
would more directly reflect levels of ivermectin coverage and
compliance.” The PCR analysis of fly bodies permits the de-
tection of the developing larval states, providing estimates of
the degree of contact between the vector and the infected
human population. The infection rates in La Chichina, Oax-
aca, and Altagracia in northern Chiapas were zero, indicating
that ivermectin coverage has dramatically reduced the num-
ber of microfilariae available for transmission. In this study,
the mean larval load per parous fly was also estimated by a
mathematical model,?® using as a starting point the rate of
infection in parous fly bodies and heads as measured by the
PCR. Given that in onchocerciasis parasite load correlates
better with morbidity in host populations than do infection
rates,>® control programs might benefit if an estimation of the
larval infection intensity in local vector population is avail-
able.

Infections were found in S. ochraceum s.l. collected in both
Chiapas and Oaxaca. In both states, it is clear that transmis-
sion is not evenly distributed, since we found wide differences
in the parous infection rate (body pools) and infective rate
with (head pools) from different catch points in the same
state. For example, in Morelos in southern Chiapas, the in-
fective rate in the parous population was 5.9 per 10,000 pa-
rous flies, while the infective rate in Ampliacién Malvinas was
more than three times higher (22.8 per 10,000 parous flies).
Similarly, the infective rate in Oaxaca varied from 0 to 8.5 per
10,000 parous flies. The persistence of transmission in Am-
pliacién Malvinas was in concordance with previous stud-

ies,'!! which have documented infections in children < 5

years old, as well as additional exposure of this population to
the parasite, as judged by the presence of O. volvulus reactive
antibodies in sera collected from these children.

Overall, vector infection and infective rates were higher in
southern Chiapas than in the other two foci. One factor that
may be contributing to the relatively high level of ongoing
transmission of O. volvulus in southern Chiapas in spite of the
apparently successful ivermectin distribution effort is the
presence of a significant migrant population at this focus.
Migrant laborers working on the coffee plantations are not
currently targeted for ivermectin treatment, yet this group
may represent 40% of the total population of Southern Chia-
pas during the peak transmission season (Rodriguez-Pérez
MA and others, unpublished data). Migrants may therefore
represent a significant parasite reservoir that has yet to be
efficiently targeted by the current ivermectin distribution pro-
gram.>’

Because baseline data do no exist for Oaxaca, it is not
possible to quantitate the effect of ivermectin on transmission
in this focus. However, as mentioned in the Introduction,
World Health Organization criteria for the interruption of
transmission in areas in South and Central America for which
baseline data are not available has been set at a threshold of
less than 1 in 10,000 flies infected.* In west Africa, this thresh-
old had been set by the World Health Organization at 1 in
1,000 parous flies’ based upon modeling studies carried out in
areas in which S. damnosum s.l is the vector.*® In South
America, the threshold has been set roughly at an order of
magnitude lower than this value due to the higher biting rate
of S. ochraceum s.I. From the data presented earlier in this
report, it is possible that transmission may already be at or
below this conservative threshold at all four communities in
Oaxaca, the single community examined in northern Chiapas,
and one of the two communities examined in southern Chia-
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FIGURrE 1. Effect of ivermectin treatment on transmission of On-
chocerca volvulus in Morelds, Southern Chiapas, Mexico. A, Monthly
parous biting rates. Points represent means and error bars represent
standard deviations around the means of the parous biting rates at
Morelds at four periods when surveys were conducted at this site. B,
Infective rate (per 10,000 parous flies). Points represent estimates of
the proportion of flies carrying infective larvae (expressed as number
per 10,000 flies) and error bars represent the 95% confidence interval
surrounding these estimates. C, Seasonal transmission potential.
Points represent estimates of the seasonal transmission potential (cal-
culated as described in the Materials and Methods) and error bars
represent the 95% confidence intervals surrounding these estimates.
In each panel, 1/81-5/81 represents pre-treatment values, 2/94-3/94
values after five rounds of ivermectin treatment, 2/95-4/95 values
after six rounds of ivermectin treatment, and 2/01-4/01 values after 17
rounds of ivermectin treatment.

pas because the lower bound of the 95% ClIs for the estimates
of the infective rate in these communities are all at or below
1 in 10,000. However, the upper bounds for the 95% CIs of
the estimated infective rate remain above this threshold in all
seven communities. It will be necessary to examine additional
flies, especially in the communities where no infective flies
have been found, to more accurately determine if they fall
below the 1/10,000 threshold. However, it should be noted

that the hypothesis that transmission may have been inter-
rupted in Oaxaca is supported by parasitologic and serologic
data reported from this area.>'¢ Results of serologic tests and
skin biopsies in children from Oaxaca were all negative, so
transmission in Oaxaca appeared to be suppressed by these
criteria.*® One possible reason for the relative success of the
program in Oaxaca when compared with southern Chiapas is
that human migration in this area is lower. Thus, migrant
populations that are currently not included in the distribution
program may form a less significant human reservoir for the
parasite than in southern Chiapas.

The finding of a single PCR-positive head pool in northern
Chiapas suggests that autochthonous transmission may be oc-
curring in this area. However, no infected body pools were
found in the samples from northern Chiapas. This was sur-
prising because the rate of PCR positivity in body pools is
generally 4-20 times greater than the rate of PCR positivity in
head pools (see Table 3 and Guevara and others’). It is there-
fore possible that transmission is not occurring in northern
Chiapas, and that the finding of a single positive head pool
from this area was a laboratory artifact. There are plans to
test the remaining 43 % of the flies collected from this focus to
address this question.

In Ecuador, O. volvulus transmission has been completely
interrupted in a former O. volvulus-endemic area, where S.
exiguum is the vector.” Simulium exiguum is a highly compe-
tent limitation-type vector. In contrast, the data presented
earlier in this report suggest that parasite transmission in
Mexico has not been interrupted, although in some commu-
nities it may have been suppressed. This is despite the fact
that the Mexican program is using the same strategy of mul-
tiple semi-annual treatments with ivermectin found to be so
successful in Ecuador, and despite the fact that in Mexico the
vector is an armed species with a lower vector competence
that S. exiguum. There are at least two possible reasons for
this. First, as mentioned earlier, a significant migrant laborer
population exists that has yet to be effectively targeted by the
current ivermectin distribution program. Second, ivermectin
distribution has not been equally efficient in all affected com-
munities. Some of the endemic communities within each fo-
cus have not received regular semi-annual treatment, while in
others that have had regular semi-annual treatments less than
85% of the eligible population have received treatment. One
reason for this relatively low depth of coverage is that com-
munity microfilariae loads are extremely low in some com-
munities. In these communities the disease burden is also
quite low, so people generally do not feel sick, and are con-
sequently less interested in complying with the distribution
program. It is possible that such non-compliant individuals
may be carrying significant levels of skin microfilaria and may
continue to support transmission even in the face of a high
overall rate of coverage in the rest of the community. In such
cases, enhanced efforts may be needed to identify such indi-
viduals and to convince them to be treated, to succeed in
interrupting transmission.

In summary, the data presented demonstrate that the Mexi-
can onchocerciasis control program has resulted in a dramatic
reduction in the level of transmission of O. volvulus at all
three foci in the country. However, transmission still appears
to be continuing in some communities, particularly in areas
with a high migrant population. To reach the goal of inter-
rupting transmission completely, it may therefore be neces-
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sary for the program to adjust its strategic approach slightly,
by giving more attention to the treatment of migrants and
non-compliant individuals.
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