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Abstract. TheGuineaWormEradication Programhas been extraordinarily successful—in 2019, therewere 53 human
cases reported, down from the estimated 3.5million in 1986. Yet the occurrence of Guineaworm in dogs is a challenge to
eradication efforts, and underlying questions about transmission dynamics remain. We used routine surveillance data to
run negative binomial regressions predictingwormburden among infected dogs inChad.Of 3,371 infecteddogs reported
during 2015–2018, 38.5% had multiple worms. A multivariable model showed that the number of dogs in the household
was negatively associated with worm burden (adjusted incidence rate ratio [AIRR] = 0.95, 95%CI: 0.93–0.97, P < 0.0001)
after adjusting for dog age (AIRR = 0.99, 95% CI: 0.96–1.01, P > 0.1). This could relate to the amount of infective inocula
(e.g., contaminated food or water) shared bymultiple dogs in a household. Other significant univariable associations with
worm burden included dog history of Guinea worm infection (IRR = 1.30, 95% CI: 1.18–1.45) and dog owners who were
hunters (IRR = 0.78, 95%CI: 0.62–0.99, P < 0.05) or farmers (IRR = 0.83, 95%CI: 0.77–0.90, P < 0.0001). Further analysis
showed that the number of dogs in the household was significantly and positively correlated with nearly all other in-
dependent variables (e.g., owner occupation: farmer, fisherman, or hunter; dog age, sex, andhistory ofGuineaworm). The
associations we identified between worm burden and dogs per household, and dogs per household and owner char-
acteristics should be further investigated with more targeted studies.

INTRODUCTION

The global Guinea worm eradication campaign was
launched in 1980, at a timewhen the annual number of human
cases was estimated to be 3.5 million in 21 countries world-
wide.1 The program has been enormously successful, re-
ducing the number of human cases to just 54 in four countries
in 2019.2,3 Yet eradication efforts are challenged by ongoing
transmission of the parasite in domestic dogs in Chad,4,5

where most human and canine cases also occur today.2,3

Although canine cases of Guinea worm have been historically
well documented,4,6–13 questions remain about transmission
dynamics in dogs. For instance, how are dogs becoming in-
fected, andwhat risk factors influence theprobability of canine
infection? By extension, how might we design and tailor in-
terventions to more effectively reduce infection risk in dogs?
In both dogs and humans, infection with Dracunculus

medinensis (the causative agent of Guinea worm disease)
occurs upon ingestion of freshwater copepods that are in-
fected with larvae. About 90 days postinfection in a definitive
host,male and female larvaemate. Gravid femalewormsgrow
to a length of up to approximately 100 cm and migrate to
subcutaneous tissues, usually on a lower extremity. The ma-
ture female worm emerges from the skin approximately 10–
14 months after initial ingestion. A blister forms and sub-
sequently ruptures. This lesion causes an intense burning
sensation, often prompting the host to seek relief by sub-
merging the lesion in water.14 Contact with water cues the
adult female worm to release first-stage larvae (L1s) and fluid
from the uterus.15 First-stage larvae are then ingested by
cyclopoid copepods; during the next 10–14 days in this in-
termediate host, the larvae undergo two molts and develop

into the infective L3 stage.15 The cycle starts anew when a
host ingests copepods infected with the L3 larvae.
Infected dogs in Chad occur in two main areas, Moyen Chari

andChariBaguirmiRegions,16 andpeak in themonthof June.4,16

Infection reoccurs in about13%ofdogs, andmost infecteddogs
are owned by people of the Sara Kaba ethnicity.16 Previous
works have reported an average of about two worms per dog,16

with a highly aggregated distribution, but correlates of elevated
worm burden in dogs remain poorly understood. One analysis
showedthat theoverall riskof infection indogs increasedwith the
consumption of fish anddecreasedwith the provision ofwater to
dogs, but no associationswere identified betweenwormburden
and the variables considered (e.g., age, sex, body condition, water
provision, and proportion of fish in the diet), after accounting for
extreme observations.17 From the standpoint of disease control
and eradication, a host with multiple worms warrants particular
attention because it has the potential to contaminate many water
sources,possiblyovera longerperiodof timewhenwormsemerge
at different times.14 In fact, on first immersion of a gravid female
worm into water, she can release nearly 600,000 free-swimming
L1s.14 Therefore, a host infectedwithmultiple adult Guineaworms
has the potential to contaminate water sources with hundreds of
thousands, if not millions, of larvae. A photograph of a dog with
multiple lesions fromemergingGuineaworms is shown inFigure1.
In an effort to advance scientific understanding of D. medinensis
transmission in domestic dogs,weused surveillancedata from the
Chad Guinea Worm Eradication Program (CGWEP) to explore
differences between dogs with high-intensity infections (many
worms) and dogs with low-intensity infections (few worms). Find-
ings from this analysismay generate additional research questions
about transmission dynamics and inform decision-making about
how to prioritize surveillance and health education efforts.

METHODS

Surveillance data. In Chad, most D. medinensis infections
in humans and in animals are located along the Chari River,4

which is approximately 1200 km in length from itsmost distant
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point source to Lake Chad. Accordingly, most of the areas
under active surveillance are also located in the same region.
The CGWEP, including its surveillance system, is managed

by the Ministry of Public Health, and is described in detail
elsewhere.16 In brief, surveillance is organized into three tiers
of varying degrees of intensity. Villages under level 1 (proactive
village-based) surveillance undergo house-to-house monitor-
ing for cases multiple times per week where endemic trans-
mission ofGuineawormhasbeendocumented. Level 1 villages
receive the most resources, training, and supervision. Level 2
villages are in geographic proximity to level 1 surveillance and
are at high riskof importationof humanand/or canine infections
but may not have reported human or animal cases. Level 2
areas are also under active surveillance, with less supervision
than in level 1. Level 3surveillanceoccurs innon-endemicareas
that have not reportedGuineawormcases since 2010. This is a
passive system which informs residents about Guinea worm
disease andencourages them to report personsor animalswith
possible signs or symptoms of the infection (rumors) to local
health clinics. Information about these rumors is relayed to the
CGWEP system for further investigation.
When possible, Guinea worm infections are identified, and

CGWEP field staff respond quickly to “contain” the case and
prevent contamination of water sources, thus interrupting the
transmission cycle. In the context of canine cases, “contain-
ment” of a Guinea worm is achieved when all of the following
criteria are met: 1) the dog is detected within 24 hours of no-
tification of the suspect canine case; 2) the dog has not en-
tered any water source since the detected worm emerged; 3)
the CGWEP field staff have properly managed the case, by
tethering the dog before worm emergence and until all Guinea
worm wounds have fully healed (to prevent contamination of
water sources); and 4) the containment process, including
(visual) verification that the case is Guinea worm disease, is
validatedbya supervisorwithin 7daysof the emergenceof the
worm. An infected dog is considered to be contained if all of
the emerging Guinea worms associated with that dog meet
the above criteria. For the purposes of surveillance, visual
validation of the worm by a trained supervisor is sufficient to

diagnose and count the case as a Guinea worm. (Surveillance
data are only collected on dogs that have been confirmed as
having Guinea worm by a supervisor.) Under certain circum-
stances, such as a new location inwhichGuineawormhas not
been previously detected or epidemiologically important cir-
cumstances such as near a border, the worm is sent to the
U.S. CDC for laboratory diagnosis as D. medinensis.
Statistical analysis. Descriptive analysis. We explored the

distribution of worm burden in dogs by calculating the pro-
portion of dogs that had one versusmultipleworms. Increases
in observed worm burden in dogs over time might point to
improvements in early detection of worms. To assess this, we
calculated themedian number of worms per dog by calendar
year for the period of interest (2015–2018). We further
assessed whether successful containment varied signifi-
cantly by worm emergence order among dogs with two,
three, and four worms using Pearson’s chi-squared test.
(This was only conducted for dogs with up to four worms, as
dogs with two, three, and four worms account for 83.9% of
dogs with multiple worms.) To compare with previous works
exploring the distribution of infected dogs irrespective of
worm burden,16 the proportion of dogs with multi-worm in-
fections were assessed in terms of their distribution over
space (Region) and time (month). Graphs were produced in
the R package ggplot2.18

Negative binomial regression models. Negative binomial
regression models were used to explore correlates of worm
burden (count ofwormsper dog) by canine demographics and
variables related to owner characteristics. Some variables
were only collected during certain years—for example,
whether the dog was used for hunting (only available for 2017
and 2018 data) or guarding (only available for 2018). Accord-
ingly, we developed two different sets of models using data-
sets from 1) 2015 to 2018 and 2) 2018 (Supplemental Table
S1). Independent variables assessed included dog age and
sex, owner occupation (fishermen or hunters in comparison
with other occupations), owner ethnicity (Sara Kaba versus all
other groups), the number of dogs in the household (asked of
the dog owner during surveillance investigation), whether the
dog came from a fishing village (defined as a village in prox-
imity towater inwhich themajority of inhabitants fish),whether
the dog had a history of a Guinea worm infection in a different
year (asked of the dog owner during surveillance in-
vestigation), and dog use (hunting, guarding, or both).
Negative binomial regression models were conducted in

SAS 9.4 (Cary, NC), and all tests used a 5% level of signifi-
cance. The lassomethodwas used formodel selection.19 This
approach minimizes the sum of squared errors while simul-
taneously limiting the sum of the absolute values of the co-
efficients. The Akaike information criterion value was used as
the penalty factor.
For all models, an offset parameter was included to account

for differences in the estimated amount of time (inmonths) that
an individual dog was under surveillance. If a dog was initially
detected in 2015, for example, that animal has a greater
probability of havingmoreworms detected by the surveillance
system during 2015–2018 than a dog detected in 2018 as a
result of increased amount of time under surveillance. The
time under surveillance was calculated as the number of days
(scaled tomonths) from initial detection until the last day of the
year for the period of interest (December 31, 2018). The
number of time under surveillance was log-transformed to

FIGURE 1. Adogwith anemergingguineawormandseveral lesions.
Althoughmost dogs present with a single Guineaworm, the observed
range of worms per dogs is 1–79, as detected by the CGWEP sur-
veillance system. The dog in this photo has an emerging worm (fore-
ground) in addition to several lesions from other worms (right). (Photo
credit: Robert Hartwig, TheCarter Center.) This figure appears in color
at www.ajtmh.org.
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conform to the link-log function in the negative binomial re-
gression models. We assessed multicollinearity of all cova-
riates using a condition index cutoff of < 15.
We conducted a secondary analysis using data from 2015

to 2018 to assess correlations between covariates. Uni-
variable regression models were fitted, where the outcome
variables were the significant covariates from the final multi-
variable model described earlier.
Sensitivity analysis. As previously reported, the maximum

number of worms per dog for the years 2015–2018 was 79
(observed in 2016).16 This extreme observation could influ-
ence the results of statistical modeling. We therefore ran the
regression models on the full dataset (with the extreme ob-
servation) and then performed sensitivity analyses with a
truncated dataset (without the extreme observation) for the
years 2015–2018.

RESULTS

Descriptive statistics.Of the 3,371 infected dogs detected
by the surveillance system in the years 2015–2018, 2,073
dogs (61.5%) had just oneworm and 1,298 (38.5%) presented
with multiple worms. Dogs with four worms or less repre-
sented 94% of the data. The distribution of worms per dog
remained consistent for all years during the period of interest
(Supplemental Table S2 and Figure S1). Successful con-
tainment varied significantly by worm emergence order
(Table 1, P < 0.01 for all tests); worms that emerged after the
first worm were more likely to be contained. This finding held
for dogs with two worms, dogs with three worms, and dogs
with four worms. Similar to the spatiotemporal distribution of
all infected dogs,16 most of the dogs with multi-worm in-
fectionswere located inMoyenChari Region (41%), followed
by Chari Baguirmi (34%), and multi-worm infections were
detected from March through August, peaking in June.
Negative binomial regression models. Results from all

negative binomial regression models are summarized in
Figure 2. For all datasets (2015–2018, 2015–2018 truncated,
and 2018 data), dogs with a history of previous Guinea worm
infection in a different year weremore likely to have high worm
burden.Multivariablemodeling resultswere consistent across
datasets, and we found no evidence of significant multi-
collinearity among covariates.
Univariable modeling results for the years 2015–2018

showed a positive correlation between dog history of Guinea
worm infection and the number of worms emerged (incidence

rate ratio, IRR = 1.30, 95%CI: 1.18–1.43,P< 0.0001) (Table 2).
Factors negatively associated with worm burden included the
number of dogs in the household (IRR = 0.95, 95% CI:
0.93–0.97, P < 0.0001), dog owners who were hunters (IRR =
0.78, 95%CI: 0.62–0.99, P < 0.05), and dog owners who were
farmers (IRR = 0.83, 95% CI: 0.77–0.90, P < 0.0001). The final
multivariable regression model showed that the number of
dogs in the household was negatively associated with worm
burden (adjusted incidence rate ratio [AIRR] = 0.95, 95% CI:
0.93–0.97,P<0.0001) after adjusting for dogage (AIRR=0.99,
95% CI: 0.96–1.01, P > 0.1) (Table 2). In other words, for each
additional dog in the household, we observed a 5% decrease
in the number of worms per dog. Using the observed mean of
2.0 worms per host for a dog in a single-dog household, we
would expect a dog in a ten-dog household to have 1.26
worms (95% CI: 1.04–1.52).
Secondary analysis of the 2015–2018 dataset showed that

the number of dogs per household was significantly and posi-
tively correlated with nearly all covariates, except for whether
the dog was from a fishing village (Supplemental Table S3).
Univariable modeling for 2018 data also showed that dogs

with a history of Guineaworm infection in a previous year were
more likely to have higher wormburden (IRR = 1.16, 95%CI:
1.02–1.33, P < 0.05) (Table 3). We found an inverse asso-
ciation between worm burden and the number of dogs
present in the household (IRR = 0.95, 95% CI: 0.91–0.98,
P < 0.005) and betweenwormburden and dog owners of the
Sara Kaba ethnicity (IRR = 0.86, 95% CI: 0.77–0.98, P <
0.05). In contrast to the results from the full dataset, dogs
with high worm burden were less likely to come from a
fishing village (IRR = 0.84, 95% CI: 0.74–0.95, P < 0.005).
Similar to the multivariable model for the full dataset
(2015–2018), the final 2018 model showed that having a
greater number of dogs in the household decreased the
probability of high worm burden (AIRR = 0.94, 95% CI:
0.91–0.98, P < 0.005) after adjusting for dog age (AIRR =
0.98, 95% CI: 0.94–1.02, P > 0.1). This translates to a 6%
decrease in the number of worms per dog with each addi-
tional dog in a household.
Sensitivity analysis. Results for the truncated 2015–2018

data (that did not include the extreme observation of the dog
with 79 worms) were similar to the results described earlier.
Again, dogs with a Guinea worm infection in a previous year
weremore likely to have higher wormburden (IRR= 1.33, 95%
CI: 1.20–1.47, P < 0.0001). Owner ethnicity (Sara Kaba) was
negatively correlated with worm burden (IRR = 0.91, 95% CI:

TABLE 1
Proportion of contained worms by emergence order

Proportion of contained worms

Total worms
contained

Dogs with two worms Dogs with three worms Dogs with four worms

(n = 575) (n = 251) (n = 108)

Worm
sequence N

(%
contained) n

(%
contained) χ2 P-value n

(%
contained) χ2 P-value n

(%
contained) χ2

P-
value

Worm 1 677 (72.5) 426 (74.1) – – 181 (72.1) – – 70 (64.8) – –

Worm 2 769 (82.3) 474 (82.4) – – 206 (82.1) – – 89 (82.4) – –

Worm 3 297 (82.7) NA – – – 205 (81.7) – – 92 (85.2) – –

Worm 4 90 (83.3) NA – – – NA – – – 90 (83.3) – –

– – – – 11.29 < 0.001 – – 9.49 < 0.01 – – 17.53 < 0.001
Among dogs with multiple worms, worms that emerged later in the sequence were significantly more likely to be contained. Bold indicates statistical significance.
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0.84–0.99, P < 0.05), as were the owner occupations of
farming (IRR = 0.82, 95% CI: 0.76–0.89, P < 0.0001) and
hunting (IRR = 0.80, 95% CI: 0.64–0.99, P < 0.05)
(Supplemental Table S4). Multivariable modeling showed that

the number of dogs in the household was negatively corre-
lated with worm burden (AIRR = 0.96, 95% CI: 0.94–0.98, P <
0.0001), after adjusting for dog age (AIRR = 0.99, 95% CI:
0.96–1.01, P > 0.1).

FIGURE 2. Comparisonof negativebinomial regressionmodels. For all input datasets used, dogswith a history of previousGuineaworm infection
in a different year weremore likely to have elevated worm burden, and the number of dogs present in the household was negatively correlated with
worm burden. Multivariable models were consistent for all input datasets. This figure appears in color at www.ajtmh.org.

TABLE 2
Univariable and multivariable negative binomial regression models of worm burden, 2015–2018 data

Variable (reference category) Univariable, n
Incidence rate ratio

(95% CI) P-value Multivariable, n
Adjusted incidence rate ratio

(95% CI) P-value

No. of dogs in household 3,285 0.95 (0.93–0.97) < 0.0001 3,226 0.95 (0.93–0.97) < 0.0001
Dog age (years) 3,280 0.98 (0.96–1.005) > 0.1 – 0.99 (0.96–1.01) > 0.1
Dog from fishing village (not from fishing
village)

3,217 0.97 (0.89–1.05) > 0.1 – – –

Dog has history of GW infection in a
previous year

3,338 1.30 (1.18–1.45) < 0.0001 – – –

Dog sex, female (male) 3,325 1.0005 (0.94–1.08) > 0.5 – – –

Owner ethnicity, Sara Kaba (other
ethnicity)

3,345 0.95 (0.88–1.03) > 0.1 – – –

Owner occupation, farmer (not a farmer) 3,345 0.83 (0.77–0.90) < 0.0001 – – –

Owner occupation, fisherman (not a
fisherman)

3,345 0.99 (0.91–1.10) > 0.5 – – –

Owner occupation, hunter (not a hunter) 3,345 0.78 (0.62–0.99) < 0.05 – – –

An increased number of dogs in the household negatively correlatedwithworm burden for both univariable andmultivariablemodelswhen adjusting for dog age. Univariablemodels showed that
risk of elevated worm burden was greater for dogs with a history of Guinea worm infection; decreased risk of elevated worm burden was associated with owner occupation (hunter or farmer). Bold
indicates statistical significance.
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DISCUSSION

Datacollected throughactiveGuineawormsurveillance can
help identify associations and broad trends in canine infec-
tions, steering eradication efforts more efficiently. Still, ques-
tions remain about clustering of Guinea worm at several
scales, including the clustering ofwormswithin dogs, infected
dogs within households, and households with dog infections
within villages. Results from this analysis offer insights about
the first of these scenarios, the clustering of multiple worms
within dogs.
Associations between household and owner characteris-

tics suggest that anthropogenic characteristics are drivers of
elevated worm burden in dogs. Our results showed that after
adjusting for dog age, worm burden decreased as the number
of dogs in the household increased, perhaps related to lesser
amounts of any single contaminated food source available to
an individual dog. Alternatively, low-burden canine casesmay
go undetected because more dogs in the household result in
less attention paid to each individual animal. Otherworks have
shown a positive correlation between group size and number
of parasites per individual host, contrasting with our finding
that group size decreases Guinea worm burden among in-
fected dogs.20 This juxtaposition might relate to mobility of
hosts and parasites, which confounds the relationship be-
tween group size and parasite intensity.20 In the Guinea worm
context, dog mobility has been observed in Chad,17 and al-
though the parasites themselves are not mobile, they are
carried by other mobile hosts including humans and cats.2,3

Our secondary analysis showed thatmany of the covariates
consideredwerepositively correlatedwith the number of dogs
in the household (among households with canine Guinea
worm infection), suggesting that dog ownership is the product
of a confluence of factors including owner occupation and
ethnicity (Supplemental Table S3). CGWEP surveillance data,
however, only collects information about infected dogs, and
we thereforecannotbroadlyapply thesefindings tohouseholds
with and without canine Guinea worm. Detailed surveys of
randomly sampled households could further elucidate corre-
latesofdogownership andhowthis relates to theabundanceof

canine Guinea worm and owner knowledge and awareness of
Guinea worm. Mbilo et al.21 showed that dog ownership was
much more prevalent in Christian-oriented southern Chad in
comparison with Muslim-oriented northern Chad, but did not
consider ethnicity in their analysis. Most human and Guinea
worm cases are concentrated in southern Chad,4,16 so more
detailed consideration of owner ethnicity andoccupationwithin
affected areas would be required.
A history of Guinea worm infection in a previous year was

consistently associated with elevated worm burden across
datasets. Although this variable was overshadowed by dog
ownership in multivariable models, it is worthy of further
consideration because of its programmatic utility. It is rela-
tively easy for the field staff to use surveillance data identify
dogs with a history of Guinea worm, in comparison with other
variables considered such as the number of dogs per
household, as dogownership is likely to vary over time. Froma
practical standpoint, more vigilant surveillance should per-
haps be applied to dogs with a history of Guinea worm be-
cause these animals are about 1.3 times more likely to have
multiple worms, and because they may be more likely to ex-
perience recurrent infection, as has been demonstrated in
humans.22 A previous analysis of surveillance data showed
that dogs with recurrent infection represent approximately
13% of all infected dogs and that containment success has
improved over time.16 Individual-level tracking of dogs with a
history of infection, perhaps via micro-chipping, could further
improve early detection and containment, ultimately reducing
the number of water contamination events per adult worm.
Underlying observations from this analysis is the question:

What causes elevated worm burden in some dogs, while
others presentwith just a singleworm?One explanationmight
be that greater infective dose results in more adult
worms—but comparisons across historical studies are prob-
lematic because different inoculation methods are used, and
many were not designed to explicitly test the dose–response
relationship. Experiments involving ferret or dog infection with
D. medinensis or its close relative Dracunculus insignis have
shown a range of adult worms produced even when the in-
fective dose is constant,23–26 indicating that infective dose

TABLE 3
Univariable and multivariable negative binomial regression models of worm burden, 2018 data

Variable (reference category) Univariable,n Incidence rate ratio (95%CI) P-value Multivariable, n
Adjusted incidence rate

ratio (95% CI) P-value

No. of dogs in household 1,004 0.95 (0.91–0.98) < 0.005 983 0.94 (0.91–0.98) < 0.005
Dog age (years) 999 0.97 (0.94–1.01) > 0.1 – 0.98 (0.94–1.02) > 0.1
Dog from fishing village (not from fishing
village)

990 0.84 (0.74–0.95) < 0.005 – – –

Dog has history of GW infection in a
previous year

1,020 1.16 (1.02–1.33) < 0.05 – – –

Dog sex, female (male) 1,012 0.95 (0.85–1.05) > 0.1 – – –

Dog use, guarding (not used for guarding) 1,018 1.15 (0.94–1.37) > 0.1 – – –

Dog use, guarding/hunting (not used for
guarding/hunting)

1,020 0.91 (0.82–1.02) > 0.05 – – –

Dog use, hunting (not used for hunting) 1,014 0.92 (0.83–1.03) > 0.05 – – –

Owner ethnicity, Sara Kaba (other
ethnicity)

1,020 0.86 (0.77–0.98) < 0.05 – – –

Owner occupation, farmer (not a farmer) 1,020 0.94 (0.85–1.06) > 0.1 – – –

Owner occupation, fisherman (not a
fisherman)

1,020 0.98 (0.86–1.12) > 0.5 – – –

Owner occupation, hunter (not a hunter) 1,020 0.97 (0.51–1.82) > 0.5 – – –

An increasednumber of dogs in the householdwasnegatively correlatedwithwormburden for bothunivariable andmultivariablemodels (whenadjusting for dogage). Univariablemodels showed
that risk of elevatedwormburdenwasgreater for dogswith a history ofGuineaworm infection; decreased risk of elevatedwormburdenwas associatedwith owner ethnicity (SaraKaba) andwhether
the dog came from a fishing village. Bold indicates statistical significance.
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alone is not the only driver of worm burden. Although initial
infection requires ingestion of infectious copepods, additional
factors hypothesized to influence worm burden include levels
of gastric acid in the host stomach (which could impact larval
survival25) and transmission route (because transport or par-
atenic hosts may serve as concentrators of infected cope-
pods23). Regarding the latter, a field study did not show
significant correlation between worm burden and consump-
tion of fish—although the sample size was relatively small.17

Findings presented in this report are associative in nature
and do not conclusively address the causes associated with
elevated Guinea worm burden in dogs. It is impossible to tell
from surveillance data alone whether dogs with multiple
worms are the result of a single episode or of multiple se-
quential episodes of infection during the preceding year. To
thoroughly explore this, more detailed exposure analysis
would be required in conjunction with analysis of mitochon-
drial and microsatellite variation,27 which could be used to
distinguish between maternal lineages. (However, genetic
analyseswould not identify repeat exposure to the same larval
clutch, highlighting the need for integrated epidemiologic and
genetic methods.) Many of the associations uncovered from
this analysis are highly statistically significant but are weak
(with IRRs and AIRRs close to 1), and practical implications
thereforemay be limited. Furthermore, occupationmay not be
well defined, as many owners have seasonal jobs and re-
ported occupation may depend on the season in which they
were interviewed. Not all worms were laboratory confirmed,
andpreviousdog infectionswere reportedby their owners and
not necessarily by surveillance records. (A supplemental ap-
proach to identifying dogs with recurrent infections might be
to search the surveillance data for dogs and owners that ap-
pear repeatedly in the multiyear dataset using fuzzy matching
approaches.) TheCGWEPdoes not track individual dogs over
time, and therefore we are also unable to account for the im-
pact of mortality between initial detection and the end of the
sampling period. Relatedly, the surveillance system does not
capture which dogs belong to the same households—and we
therefore cannot control for the nonindependent effects of
multiple dogs within a household in our models. Efforts are
currently underway to use unique dog-level identifiers to aid in
capturing accurate dog-level and household-level data.
Despite thesepotential limitations, thesedata represent themost

comprehensive information worldwide about D. medinensis oc-
currence in dogs, and results from this analysis may help guide
future eradication efforts. Dogs presenting with multiple adult
Guinea worms is a common occurrence: of all infected dogs de-
tected by the CGWEP surveillance system during the period of
interest, approximately 40% had multiple worms. The rapid and
effective containment of dogswithmulti-worm infections hasgreat
potential to disrupt transmission, and therefore these animals
warrant special attention. Further research is needed to elucidate
relationships between humans and dogs in Chad, and to assess
the efficacy of containment strategies and other interventions.
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