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a b s t r a c t
We developed time trend model, determined treatment outcome and estimated annual
human deaths among dog bite victims (DBVs) from 2010 to 2013 in Monrovia, Liberia. Data
obtained from clinic records included victim’s age, gender and site of bite marks, site name
of residence of rabies-exposed patients, promptness of care sought, initial treatment and
post-exposure-prophylaxis (PEP) compliance. We computed DBV time-trend plot, seasonal
index and year 2014 case forecast. Associated annual human death (AHD) was estimated
using a standardized decision tree model. Of the 775 DBVs enlisted, care seeking time
was within 24 h of injury in 328 (42.32%) DBVs. Victim’s residential location, site of bite
mark, and time dependent variables were signiﬁcantly associated with treatment outcome
(p< 0.05). The equation Xˆt = 28.278 − 0.365t models the trend of DBVs. The high (n = 705,
90.97%) defaulted PEP and average 155 AHD from rabies implied urgent need for policy
formulation on national programme for rabies prevention in Liberia.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Dog bite injury and human death emanating from suspected rabid dogs are well-known public health challenges
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in developing countries of Africa (Abubakar and Bakari,
2012; Aghahowa and Ogbevoen, 2010; Ahmed et al., 20 0 0;
Cleaveland et al., 2007; Fevre et al., 2005; Hampson et al.,
2007; Olugasa et al., 2009; Jomah et al., 2013; Traoré et
al., 2013; Knobel et al., 2005). As such, timely and effective completion of post-exposure-prophylaxis (PEP) is top
priority in the prevention of rabies following the bite of a
suspected rabid dog (Abubakar and Bakari, 2012; Ahmed
et al., 20 0 0; Cleaveland et al., 20 07; Fevre et al., 20 05).
More than 55,0 0 0 human deaths occur each year due to
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Fig. 1. Map of Montserrado County, with the location of Monrovia city in the south-western coast of Liberia.

rabies, worldwide, and the majority of these incidents take
place in the developing countries, especially in Africa and
Asia (Knobel et al., 2005). Liberia is profoundly vulnerable
to poor rabies treatment outcomes among human patients,
a situation that is attributable to the care seeking behavior
of the populace after the prolonged civil war, 1989–2003
(Kruk et al., 2010, 2011) in the country. The civil crisis led
to severe economic and infrastructural setbacks, persistent
deﬁcit in skilled manpower and a remarkable decline in
the quality of national health care and veterinary services
(Kruk et al., 2010, 2011). Compliance with PEP and out-

comes of treatments received by dog bite victims (DBVs)
has not been reported for Monrovia, the largest and capital
city of Liberia. The devastating outbreak of Ebola virus disease in 2014–2015 (Dixon and Schafer, 2014; World Health
Organization, 2014) also placed a huge demand upon the
already weakened public health system; further marginalizing rabies surveillance, prevention and control.
At the Pan-African Rabies Control Network (PARACON)
meeting held at Gauteng, South Africa, 9th–11th June 2015,
the FAO/WHO announced a programme of rabies elimination that will be enacted in all African countries by year
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2030 (WHO/OIE, 2015). Due to persistent underreporting
and political neglect, the true burden of rabies in Liberia
remains unknown (FAO, 2008). This status makes Liberia
far from being ready for rabies elimination. In order to
move from the present status, there is need to employ
the global Stepwise Approach to Rabies Elimination (SARE)
(WHO/OIE, 2015; FAO, 2013; FAO/GARC/CDC, 2016), a tool
developed by FAO and Global Alliance for Rabies Control (GARC) for activities and measuring progress towards
a national programme and strategy for sustainable rabies prevention, control and elimination (WHO/OIE, 2015;
FAO/GARC/CDC, 2016). SARE is considered a shared role for
stakeholders and higher education (WHO/OIE, 2015). The
situation has elicited calls for public health education promotion by higher education in Liberia (Olugasa and Fasunla, 2013; USAID, 2014).
Although clinical human and animal rabies have been
reported in Liberia since 1950 (Poindexter, 1953), very
few studies have described the prevalence of the disease
(Jomah et al., 2013; Monson, 1985). However, there is
paucity of information on a standardized time-trend analysis (Jomah et al., 2014) of dog bite incidents, compliance
with treatment and estimation of annual human deaths
(Jomah et al., 2013) due to rabies in Liberia. Treatment
compliance and success rate of rabies PEP have not been
published for Monrovia city and Montserrado County. A
standardized probability tree model for estimating the burden of human rabies has been widely used in other countries (Knobel et al., 2005; Cleaveland et al., 2002; Tenzin
et al., 2011). The model is here applied to Monrovia to estimate annual human deaths from rabies in the city. Therefore, the objective of this study was to develop time trend
model of DBVs, determine treatment outcomes, and AHD
among DBVs managed from 2010–2013 at a referral clinic
for rabies exposure in Monrovia, Liberia.

2. Materials and methods
2.1. Scope of the study
This was a retrospective study of clinical records of patients managed for dog bite injuries and prevention of rabies at a private rabies referral clinic in Monrovia, and the
surrounding neighborhoods and districts within Montserrado County, from August 2010 to July 2013. Non-dog bite
cases and case records of dog bite incidents that occurred
outside the city of Monrovia, its immediate neighborhoods
and districts within Montserrado County (the “environs”)
were excluded from the dataset for this analysis. For each
dog bite patient, information on the date of incident, sex,
age, and injured body part(s) of the human victim, the
length of time that elapsed before victim showed up for
anti-rabies prophylaxis, and the medications given, as well
as treatment outcome were obtained from the records.
Data generated were sorted on monthly basis for the 36month period from late August 2010–July 2013. A total of
seven hundred and seventy-ﬁve DBVs were enrolled into
the study. All data were anonymized to protect the privacy
of patients.
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2.2. Study location and setting
The study was carried out in Monrovia, the largest city
in Liberia. Monrovia city is in Greater Monrovia District
of Montserrado County, one of the 15 Counties of Liberia.
Liberia is on the west coast of Africa, between Sierra Leone
and Ivory Coast. Montserrado County comprises four districts, namely, Careysburg, Greater Monrovia, St. Paul River
and Todee (Fig. 1). The county had a land area of 726
square miles, an estimated human population of 1,118,241
according to the census ﬁgures of year 2008 (LISGIS, 2008),
and human population density of 1540 per square mile as
at year 2008. Greater Monrovia district is a coastal and
metropolitan area that accommodates the seat of the national capital of Liberia. At the same time, Monrovia city
and the other districts in Montserrado County have grown
into a metropolis with over 30 slum settlements inthe
urban city that accounted for about 70% of the city human population (Cole, 2009). The city has the highestpopulation of any urban district in the country (LISGIS,
20 08; Cole, 20 09). As a result of internal migration within
Liberia, the slums of Monrovia are densely populated. Major slum settlements in the city are: (i) West Point, (ii)
Sonewein, (iii) Salt Beach, (iv) Clara Town and (v) Logan Town, (vi) Fiamah, (vii) 12st Street vicinity in Sinkor,
(viii) Slipway, (xiv) BassaCommunity, (x) Bishop Brooks,
(xi) Bernard Quarters, (xii) Buzzi Quarters, (xiii) Newport
Street, (xiv) LynchStreet, (xv) Chugbor, (xvi) Gaye Town
Community, (xvii) Wood Camp, (xviii) Pipeline, (xix) Red
Light Community, (xx) Zinc Factory, (xxi) Kesselly Boulevard, (xxii) River View, (xxiii) Shoe Factory, (xxiv) Chicken
Soup Factory, (xxv) Topoe Village, (xxvi) Battery Factory,
(xxvii) Chocolate City, (xxix) Bassa Town, (xxx) Duan Town
and (xxxi) Dixville (LISGIS, 20 08; Cole, 20 09). Slum settlements refer to poorhousing conditions within cities, describing a widerange of low-income communities in poor
human living conditions (UN-Habitat, 2014).
There is pooraccess to water, recreational facilities, economic activities, schools, electricityand poor state of the
roads, and sanitation within these settlements. Based on
challenges faced by those living in Monrovia slums and
those delivering essential services within these settlements, low income housing consideration is government
priority (Cole, 2009). Very often, unattended free-roaming
dogs are seen on the street in Monrovia slums and urban city environment in packs of owned and/or community dogs. At other times single stray dogs are on the go.
The only referral clinic for dog bite victims in Liberia is
located in Monrovia city. Approval of the clinic administration was received for collation, epidemiological analysis
and evaluation of dog bite records that were kept at the
clinic.
2.3. Deﬁnition of rabies exposure
The clinical records of DBVs were classiﬁed as suspected, probable, and conﬁrmed rabies exposures according
to WHO guidelines (WHO, 2004). A case of suspected (possible) rabies exposure was inferred if a person was bitten
or scratched by an unvaccinated or stray dog, while probable rabies exposure was inferred if the bite or scratch
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injury was inﬂicted by a dog that displayed the typical
clinical signs of rabies at the time of the incident or within
10 days following the incident (WHO, 2004). We examined
the hospital case records for information on whether the
offending dog was observed or not, and the rabies status
of the dog. In addition, a suspected case of rabies exposure backed up with positive laboratory test results of the
disease was classiﬁed as a conﬁrmed exposure.
2.4. Deﬁnition of rabies case
Clinical records of DBVs were classiﬁed as clinical, probable, and suspected rabies cases based on guidelines of the
WHO (2014). A clinical rabies case was a patient that presented with “an acute neurological syndrome (encephalitis) dominated by forms of hyperactivity (furious rabies)
or paralytic syndromes (dumb rabies) progressing towards
coma and death, usually by respiratory failure, within 7–
10 days after the ﬁrst symptom if no intensive care is instituted.” A patient who had appropriate exposure history
and who displayed clinical signs consistent with rabies although not conﬁrmed by a laboratory was categorized as a
probable rabies case (Table 1), while one who had no signs
and symptoms compatible with the clinical case despite a
history of dog bite was categorized as a suspected rabies
case (WHO, 2004).
2.5. Statistical analyses
2.5.1. Descriptive statistics
First, we reviewed epidemiological circumstances of
each DBV presented and used it to compute descriptive
statistics of age, gender, time of care (early when less
than 24 h after bite or late when more than 24 h), site of
bite mark on the body, initial treatment received, number of doses of rabies vaccine and/or number of doses
of Equine Rabies immunoglobulin administered. Second,
we aggregated DBV treatment compliance to PEP appointments as follows (1) completed, (2) defaulted, (3) transferred in or out, (4) developed clinical rabies. Third, a descriptive statistics of treatment outcomes was computed,
based on three categories, namely; (1) prevented, (2) dead,
or (3) unknown (Table 1).
2.5.2. Categorical analysis
A Chi-square test was used to evaluate differences
in categorical variables. Logistic regression analysis was
performed to identify predictors of poor treatment outcome. Poor treatment outcome was deﬁned as DBVs that
resulted in clinical rabies and death in spite of partial or full dose of rabies PEP. Data analysis was carried out with SPSS version 20. Ethical approval was
obtained from the Liberian Biomedical Research Institute’s Review Committee before embarking on the
study.
2.5.3. Time plot of DBV
We deﬁned time plot of DBVs as a graphic presentation
of dog bite cases against date of presentation at the clinic.
Time plot of DBVs offers visual display of the presence of

troughs, turning points and outliers. This makes epidemiological features, such as endemic, epidemic or sporadic
cases to be visualized on a time scale. Time plot of DBVs
helps to visualize data and critical components of the series such as trend, seasonal or cyclical movement and any
irregular variations (Jomah et al., 2014; WHO Expert Consultation, 2004; Box et al., 2015). Student’s t-test was used
to assess signiﬁcant difference between means of DBVs
seen in endemic and epidemic segments of the time plot
at p < 0.05.
2.5.4. Trend model of DBV
A linear trend curve may be used to estimate dataset
of DBVs presented when the trend exhibits a straight-line
pattern (Ojo, 2010). A straight line model is represented
by the equation Xt = a + bt + et where, Xt is trend value
of dog bite case at time (period) t; while a and b are
unknown constants, and et is randomly distributed error
along time series. Thus, a + bt is the trend line, and the
sum of squared deviations from the trend line is minimized. A least squares method (Nyblom, 1986; Shangodoyin et al., 2012) was used to estimate the parameters
a and b in Monrovia rabies referral clinic DBVs dataset,
2010–2013. This was done as follows:

2
Q = et2 = (Xt − a − bt ) with respect to a and b. That
is:

dQ
dQ
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= 0,
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Thus giving a set of normal equations as follows:
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We simpliﬁed the normal equations to obtain
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 2
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bˆ =
or bˆ = t=1
n
2
n t − ( t)
t=1 (t − t̄ )
Where X̄ =



Xt
n

and t̄ =


n

t

,

Hence, the ﬁtted trend was : Tt = Xt = aˆ + bˆ t

(1)

2.5.4.1. Seasonal variation. We tested dog bite trend on a
multiplicative (Shangodoyin et al., 2012) and an additive
model. The multiplicative model (Shangodoyin et al., 2012)
used the equation:

Xt = Tt .St .Ct .It
where:
Xt = DBV data series
Tt = Trend of dog bite cases;
St= Seasonal variation of dog bite cases
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Table 1
Proﬁle of dog bite victims and rabies-exposed patients presented for treatmentat a Referral Clinicin Monrovia, Liberia, over a 3-year retrospective period, 2010–2013.
Sample characteristic
Age group (n = 775)
< 15
15–44
≥ 45
Unknown
Gender (n = 775)
Male
Female
Residence (n = 775)
Rural
Urban
Time of care (n = 775)
Early (< 24 h)
Delayed (˃ 24 h)
Unknown
Site of bite mark (n = 775)
Head or face
Upper limb
Lower limb
Trunk
Multiple sites
Rabies exposure (n = 775)
Not exposed
Suspected
Probable
Conﬁrmed
Treatment outcome (n = 775)
Prevented (expected)
Death (observed)
Unknown
Whether the dog was observed or not? (n = 775)
Not observed (< 1 day)
Observed (1 or ≤ 10 days)
Rabid status of dog (n = 775)
Not suspected
Unknown
Suspected
Probable
Conﬁrmed

Proportion

Defaulted PEP

Completed PEP

311 (40.13%)
90 (11.61%)
19 (2.45%)
355 (45.81%)

283(36.52%)
90 (11.61%)
13 (1.68%)
319 (41.16%)

28 (3.61%)
0 (0.00%)
6 (0.77%)
36 (4.65%)

461 (59.48%)
314 (40.52%)

422 (54.45%)
283 (36.52%)

39 (5.03%)
31 (4.00%)

491 (63.35%)
284 (36.65%)

439 (56.65%)
266 (34.32%)

52 (6.71%)
18 (2.32%)

328 (42.32%)
434 (56.00%)
13 (1.68%)

295 (38.06%)
399 (51.48%)
11 (1.42)

33 (4.26%)
35 (4.52%)
2 (0.26%)

17 (2.19%)
150 (19.35%)
441 (56.90%)
39 (5.03%)
128 (16.52%)

16 (2.06%)
136 (17.54%)
405 (52.26%)
35 (4.52%)
113 (14.58%)

1 (0.13%)
14 (1.81%)
36 (4.65%)
4 (0.52%)
15 (1.94%)

a
1 (0.13%)
476 (61.42%)
298 (38.45%)
0 (0.00%)

1 (0.13%)
461 (59.48%)
243 (31.35%)
0 (0.00%)

0 (0.00%)
15 (1.93%)
55 (7.10%)
0 (0.00%)

48 (6.19%)
18 (2.32%)
709 (91.48%)

0 (0.00%)
17 (2.19%)
688 (88.77%)

48 (6.19%)
1 (0.13%)
21 (2.71%)

177 (22.84%)
598 (77.16%)

163 (21.03%)
542 (69.93%)

14 (1.81%)
56 (7.23%)

a
1 (0.13%)
133 (17.16%)
518 (66.84%)
123 (15.87%)
0 (0.00%)

1 (0.13%)
128 (16.52%)
467 (60.23%)
109 (14.06%)
0 (0.00%)

0 (0.00%)
5 (0.65%)
51 (6.58%)
14 (1.81%)
0 (0.00%)

a
All the dog bite victims were suspected to have been exposed to rabies virus except one bitten by a
pre-vaccinated dog.

Ct = Cyclical ﬂuctuation of dog bite cases and
It = Residual effect or random error effect
Seasonal variation at time t was estimated using the
equation:

St =

Xt
Tt

We tested DBV data series Xt on an additive relationship with time, using the equation: Xt = Tt + St + Ct + It .
Seasonal variation at time t was estimated, using the equation: St = Xt − Tt
2.5.4.2. Seasonal index. Seasonal index was computed
based on frequency of dog bite victims during the month
of the year (Gallego and Díaz, 2011; Olugasa and Fasunla,
2015), categorized into rainy and dry seasons from 2010
(August) through 2013 (July). The rainy season in Monrovia
lasts from May to November. The dry season however, begins in December and ends in April (LISGIS, 2008). Average
Percentage Method was used, which involved the expression of DBV cases as a percentage of the total over a 3-

year period. Percentages for corresponding months of rainy
or dry season of different years were averaged (Gallego
and Díaz, 2011; Olugasa and Fasunla, 2015; Canova and
Hansen, 1995; Tam and Reinsel, 1998). The resulting 12
monthly percentages gave the seasonal index. A seasonal
index graph was plotted to show the relationship between
season and dog bite frequency. In addition, student’s t-test
was used to assess signiﬁcant difference between means
of DBVs seen in the dry season and those seen in the rainy
season at p < 0.05.
2.5.4.3. Forecasting. Forecast of a dog bite case was
premised on time-trend model of the series, with associated monthly index as forecasting indicator (Box et al.,
2015; Ojo, 2010; Nyblom, 1986; Shangodoyin et al., 2012;
Gallego and Díaz, 2011; Olugasa and Fasunla, 2015; Canova
and Hansen, 1995; Tam and Reinsel, 1998). Thus, the equation for forecasting cases of DBVs over a speciﬁed period p is expressed thus: X p = Tp × SI p for a multiplication
model or X p = Tp + SI p for an additive model. An absolute
value (disregarding negative sign) of monthly index may be
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Fig. 2. Decision tree model for estimation of annual human deaths due to rabies following bite from a suspected rabid dog in Monrovia, Liberia from
August 2010 to July 2013 (Source: Adapted from Cleaveland et al., 2002; Tenzin et al., 2011).

applied in forecasting cases during epidemic period (cycle), while a regular value may be used in endemic period, depending on the features of time plot. We used a
chi squared test to assess the goodness-of-ﬁt (p < 0.05)
of predicted monthly cases in the event of an endemic or
an epidemic phase of dog bite to actual monthly frequencies of DBVs seen at the referral clinic during the predicted
time frame.
3. Estimation of annual human deaths
The probability of developing rabies was calculated
based on the model designed by Cleaveland et al. (2002),
applied by Knobel et al. (2005) and Tenzin et al. (2011).
We used a set of ten probability steps that incorporates
the distribution of bite injuries on different body parts of
the victims, and the probability of a victim developing rabies, based on veriﬁed clinical records. The decision tree
for determining the probability of rabies following the bite
of a suspect rabid dog is illustrated in Fig. 2. The resultant
number of human death from the bite of suspected rabid
dog, PR is estimated using the following model equation:

PR = P1X [(P2X P6 ) + (P3X P7 ) + (P4X P8 ) + (P5X P9 )]
+ (1 − P10 ) [Cleaveland et al. (2002 )]
•
•
•
•
•
•

P1 = Probability of suspected rabid dog being rabid
P2 = Probability of bite injury to the head
P3 = Probability of bite injury to the arm
P4 = Probability of bite injury to the trunk
P5 = Probability of bite injury to the legs
P6 = Probability of developing rabies following bite
injury to the head

•

•

•

•

P7 = Probability of developing rabies following bite injury to the arm
P8 = Probability of developing rabies following bite injury to the trunk
P9 = Probability of developing rabies following bite injury to the legs
P10 = Probability of receiving post-exposure treatment
if bitten by a suspected rabid dog

We categorized DBVs based on site of bite mark into
(i) head and face, (ii) upper limb (arm), lower limb (legs),
trunk and multiple sites (Table 1). We assumed that if the
incidence of suspected rabid dog bites per 10 0,0 0 0 per
year is i and the population at risk is Q, then the total
number of rabies per year is given by (i x Q x PR)/100,000
(Knobel et al., 2005; Cleaveland et al., 2002; Tenzin et al.,
2011).
The probability of developing rabies following the bite
of a rabid dog to the head (P6), arms (P7), trunk (P8) and
legs (P9) were taken to be 45%, 28%, 5% and 5%, respectively, as earlier reported in literature (Knobel et al., 2005;
Cleaveland et al., 2002; Tenzin et al., 2011). Q is 1,118,241
for Monrovia city and Montserrado County. P10 was based
on DBVs that received anti-rabies vaccine or rabies immunoglobulins at the clinic.
4. Results
A total of seven hundred and seventy-ﬁve (775) DBVs
presented for treatment at the referral clinic from August
2010 to July 2013. These victims comprised 461 (59.48%)
male and 314 (40.52%) female patients (Table 1). The ages
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Fig. 3. Annual dog bite incidents and rabies post-exposure-prophylaxis (PEP) compliance among patients in Monrovia and districts in Montserrado County,
Liberia, August 2010–July 2013.

of the victims ranged from 10 months to 70 years and the
average was 12.28 years (±7.39 SD). A total of 311 (40.13%)
were children below the age of 15 years, 90 (11.61%) were
15–44 years old, 5 (0.64%) were 45 years old and above.
There were 355 (45.81) victims whose ages were unspeciﬁed, but simply classiﬁed as child or adult.
4.1. Temporal distribution of DBVs and clinical human rabies
cases

(56.00%) DBVs, while other patients (n = 13, 1.68%) were
unspeciﬁed. Overall, 67 (8.65%) DBVs received Equine Rabies Immunoglobulins (ERI) treatment only, 169 (21.81%)
DBVs received Human Diploid Cell Strain (HDCS) rabies
vaccine only, 256 (33.03%) DBVs received HDCS rabies vaccine in combination with ERI, while the remainder, 283
(36.51%) DBVs received no treatment at all due to the high
costs of these medications (Table 3).
4.2. Treatment compliance and outcome of PEP

Frequencies of DBV presentation at clinic for treatment
and annual compliance with PEP from 2010 to 2013 are
shown in Fig. 3. Classical rabies signs, including hydrophobia, delirium, hyperactivity, seizure, coma and death were
recorded in 19 (2.45%) DBVs. This number comprised 6
(0.77%) females and 13 (1.68%) males. Of the 775 DBVs
treated at the referral clinic in the 3-year period, 351 DBVs
(including 12 clinical rabies patients) presented from August 2010 to July 2011, 207 DBVs (including 1 clinical rabies
patient) were seen from August 2011 to July 2012, and 217
DBVs (including 6 clinical rabies patients) presented from
August 2012 to July 2013.
Time plot of DBVs’ frequency that presented monthly
from August 2010 to July 2013 is shown in Fig. 4 and
Table 2. First peak on the time plot graph was from
September 2010 to March 2011, which was an epidemic
event, signiﬁcantly (p < 0.05) higher than mean of DBVs
from August 2011 to July 2012, and similar to DBVs from
August 2012 to July 2013, which was the second peak. Majority (n = 404, 52.13%) of DBV incidents occurred in the
rainy season, with 371 (47.87%) occurred in the dry season.
There was no signiﬁcant (p > 0.05) difference between the
means of DBV presentations in rainy and dry seasons.
More than half of the DBVs (n = 412, 53.16%) had
no prior (ﬁrst aid) treatment before presentation at the
referral clinic while the others (n = 363, 46.84%) had
received various combinations of treatments including
wound dressings with topical application of tincture of iodine or cooking salt, oral or injectable analgesics and antibiotics, and tetanus antitoxin injection. Care seeking time
was early in 328 (42.32%) DBVs and delayed among 434

Rabies exposure was inferred in 774 of the 775 DBVs
attended to at the rabies clinic (the biting dogs died, were
killed, or escaped and were presumed to be dead), 476
cases (61.42%) were classiﬁed as possible rabies exposures
(the biting dogs remained alive beyond a 10-day mandatory period of observation for rabies signs), while one case
was classiﬁed as an unlikely rabies exposure because the
offending dog had current anti-rabies coverage at the time
of bite. Majority of DBVs (n = 447, 57.70%) presented late
to the rabies referral clinic for treatment. The average time
that elapsed from the moment of a dog bite incident to
arrival at the rabies referral clinic was 9.08 days (±52.63
SD). Body regions of the DBVs that were most frequently
injured during bite events were the lower limbs (n =
441, 56.90%), while the least injured body region of the
DBVs was the trunk (n = 39, 5.03%). When classical rabies signs were seen, victims were offered humane physical restraint in combination with periodic sedative injections that would suﬃciently immobilize them till the point
of death.
From August 2010 to July 2011, some 319 DBVs defaulted in PEP treatment during a cycle of dog bite epidemic in Monrovia, while only 32 DBVs completed PEP
treatment (Fig. 3). From August 2011 to July 2012, some
188 DBVs defaulted in PEP, while 18 DBVs completed PEP.
From August 2012 to July 2013, 198 DBVs defaulted in PEP,
while 20 DBVs completed PEP (Fig. 3). Victim’s age and site
of bite mark were signiﬁcantly (p < 0.05) associated with
patient’s treatment outcome. Signiﬁcant association (p <
0.05) was established between time of care, PEP compli-
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Fig. 4. Time, trend and seasonal variation plots of dog bite victims presented for treatment at a referral clinic for rabies exposure in Monrovia, Liberia,
2010–2013.
Table 2
Monthly frequency of dog-bite victims presented for wounds treatment and
post-exposure-prophylaxis against rabies at a referral clinic for rabies exposure
in Monrovia, Liberia with associated time, trend and seasonal variation, August
2010–July 2013.
Month

Year

Time

Dog-bite case
(frequency)

Trend

Seasonal
variation

August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July

2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2013
2013
2013
2013
2013
2013
2013

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

10
29
30
18
39
31
38
40
42
30
19
25
24
15
15
16
18
22
22
23
10
13
17
12
19
9
16
14
12
18
20
23
13
16
24
33

27.913
27.548
27.183
26.818
26.453
26.088
25.723
25.358
24.993
24.628
24.263
23.898
23.533
23.168
22.803
22.438
22.073
21.708
21.343
20.978
20.613
20.248
19.883
19.518
19.153
18.788
18.423
18.058
17.693
17.328
16.963
16.598
16.233
15.868
15.503
15.138

−17.913
1.452
2.817
−8.818
12.547
4.912
12.277
14.642
17.007
5.372
−5.263
1.102
0.467
−8.168
−7.803
−6.438
−4.073
0.292
0.657
2.022
−10.613
−7.248
−2.883
−7.518
−0.153
−9.788
−2.423
−4.058
−5.693
0.672
3.037
6.402
−3.233
0.132
8.497
17.862
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Table 3
Rabies post-exposure prophylactic medications administered to dog bite victims at the rabies referral clinic in
Monrovia, August 2010–July 2013.
Dose of human diploid cell rabies

Doses of equine rabies immunoglobulin administered

Vaccine administered to dog bite victims

None

One

Two

Three

None
One
Two
Three
Four
Five
Total

283
135
17
3
7
7
452

67
162
37
15
12
19
312

0
1
3
1
1
5
11

0
0
0
0
0
0
0

Total
350
298
57
19
20
31
775

Table 4
Predictors of poor rabies post-exposure-prophylaxis treatment outcome, Monrovia, Liberia, 2010–2013.
Variable

Proportion of defaulted
PEP (n, %)

χ2

t-test

p-Value

Age group < 15 years
Site of bite lower limb
Delayed care sought
No initial treatment
Rural residence
Rainy season

311 (40.13%)
405 (52.26%)
399 (51.48%)
359 (46.32%)
439 (56.65%)
354 (45.68%)

0.46
111.10
10.79
0.30
12.55
NA

a
NA
NA
NA
NA
NA
−1.222

0.500
0.0 0 0
0.005
1.0 0 0
0.005
0.236

a
b

Likelihood
ratio (LR)
0.47
57.81
13.64
0.46
15.31
0.22b

NA – not applicable.
Paired samples correlation of dog bite cases in dry and rainy seasons.

Fig. 5. Seasonal index of dog bite victims presented at a referral clinic for rabies exposure in Monrovia city, Liberia, 2010–2013.

ance and patient’s treatment outcome (LR = 13.6). Rural
location of DBVs was signiﬁcantly (p < 0.05) associated
with poor treatment outcome (Table 4). Treatment delay
beyond 24 h was associated with poor treatment outcome.
Initial treatment was signiﬁcantly associated with treatment outcome at p < 0.11.
4.3. Trend predictors of DBV
Plot of DBVs’ seasonal index is shown as a curve in
Fig. 5. Dog bite trend was ﬁtted to a straight line (Fig. 4).
Trend model and associated predictors were ﬁxed into

the equation, Xt = 28.278 − 0.365t on which monthly DBVs
among humans were quantiﬁed. Monthly indices of DBVs’
trend predictors are provided in Table 2. Parameter estimates of trend model are summarized in Table 5. This set
of predictors used in an absolute value computes for epidemic phase, while the same set of predictors used in a
non-absolute (regular) value computes monthly cases for
an endemic phase of dog bite event (Table 5).
Based on the epidemic phase, forecast of DBV in Monrovia and districts of Montserrado County from August
2013 to July 2014 is presented in Table 5. Predicted
monthly cases based on an epidemic event ranged from
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Table 5
Forecast of dog-bite cases based on time-trend model of wound treatment and anti-rabies prophylaxis at a
referral clinic in Monrovia, Liberia, August 2013–July 2014.
Months

Year

Time

Trend

Seasonal
index

Endemica
forecast

Epidemicb
Forecast

August
September
October
November
December
January
February
March
April
May
June
July

2013
2013
2013
2013
2013
2014
2014
2014
2014
2014
2014
2014

37
38
39
40
41
42
43
44
45
46
47
48

14.773
14.408
14.043
13.678
13.313
12.948
12.583
12.218
11.853
11.488
11.123
10.758

−5.87
−5.5
−2.47
−6.44
0.93
1.96
5.32
7.69
1.02
-0.58
0.12
3.82

9
9
12
7
14
15
18
20
13
11
11
15

21
20
17
20
14
15
18
20
13
12
11
15

Actual
cases
28
17
25
13
17
17
31
17
NAc
NAc
NAc
NAc

a

Endemic forecast in additive mode operates negative or positive sign on monthly index.
Epidemic forecast in additive mode operates absolute value of monthly index (i.e. does not engage negative or positive sign on monthly index.
c
NA – not available. Data collection halted during Ebola virus disease epidemic in Liberia at this period.
b

Table 6
Decision tree parameters for estimating annual human
death due to rabies in Monrovia city with entire Montserrado County, Liberia, August 2010–July 2013.
Parameters

Value

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
PR
Population at risk (Q)
i2010–2011
i2011 – 2012
i2012–2013

0.80
0.02
0.23a
0.06a
0.68a
0.45
0.28
0.05
0.05
0.09
0.60
1118,241b
18.78
11.089
11.63

a

Probability corrected for bites on multiple sites.
Population at risk (Q) is the estimated population of Monrovia (Greater Monrovia district) and the other districts of
Montserrado County (Careysburg, St. Paul River and Todee)
in conformity with the 2008 population and housing census
of Liberia (LISGIS, 2008).
b

11 DBVs in June 2014 to 21 DBVs in August 2013. There
was signiﬁcant goodness-of-ﬁt (p < 0.05) between the actual cases treated in the 8-month period (December 2013–
July 2014) and forecasted cases of DBVs in an epidemic
phase, compared to forecasted monthly cases in an endemic phase (Table 5).
4.4. Annual human deaths
The decision tree model parameters are shown in
Table 6. The estimated total number of human deaths
due to bite of rabid dogs in Monrovia city and the entire
Montserrado County was 210 in year 1 (August 2010–July
2011), 124 in year 2 (August 2011–July 2012), and 130 in
year 3 (August 2012–July 2013). The mean annual human
death for the 3 years was 155. An estimated total of 464

human deaths due to rabies occurred over the 3-year period in this city and the entire county. The highest number
(210 victims) of annual human deaths was recorded in the
period from August 2010 to July 2011.
5. Discussion
This study was designed to develop time trend model,
determine treatment outcome and annual human deaths
among dog bite victims (DBVs) from 2010 to 2013 in Monrovia, Liberia. The study evaluated effect of time dependent variables, including promptness of care sought, initial treatment given and PEP compliance on treatment outcomes. Monthly index was used to quantify and train a linear deterministic time-trend model for predicting dog bite
cases. The overall, annual burden of human death due to
bite of rabid dog in the city along with entire Montserrado County was estimated using a standard decision tree
model. The ﬁndings indicated high level of defaulted PEP
patients was associated with rabies death in the city. Children and adults alike were largely unable to complete PEP
treatment course. The number of DBVs and human deaths
were highest in the year 2011, an epidemic cycle attested
to by knowledgeable members of the general public and
corroborated by records of other government-owned human hospitals in other counties of the country as earlier
reported (Jomah et al., 2013, 2014). Defaulted PEP may be
attributed to lingering socio-economic challenges in the
country in the post-civil conﬂict period.
In the 3-year retrospective study span, there were 2
cycles of DBV epidemics in Monrovia and neighborhoods,
which were characterized by rabies outbreaks transmitted
to humans through bites inﬂicted by rabid domestic dogs.
Human rabies patients presented each year over the 3year period were in the ratio 12:1:6. The annual number
of dog bite victims seen and treated in Monrovia referral
hospital from 2010 to 2013 compared well only with other
major rabies epicenters in West Africa, including Mali and
Nigeria. For example, in Bamako (Mali), an annual average of 1470 persons were reported bitten by animals (not
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limited to dogs accounted for in the current study), from
January 20 0 0 to December 20 03 (4 years) (Traoré et al.,
2013; Dao et al., 2006). Likewise, a major epicenter of rabies is mid-central Nigeria, where ECWA Veterinary Clinic,
Bukuru, Plateau State (one of three largest veterinary clinics in Jos city, Plateau State, Nigeria) recorded a total of
247 DBVs in just 14 months (May 2009–June 2010) (Bata
et al., 2011). In comparison, much lower cases of DBVs
were reported in some other cities for example Sokoto
(north-west state of Nigeria), where 2 major hospitals attended to 991 DBVsin 10 years (Ahmed et al., 20 0 0),
and in Benin city, (south–south geo-political area, Nigeria),
where only 143 cases of DBVs were recorded in 12 years
(Aghahowa and Ogbevoen, 2010). A total of 149 DBVs was
reportedly treatedin 10 years at the University of Nigeria
Teaching Hospital, Enugu city (south–south geo-political
area, Nigeria) (Eke et al., 2015).
These ﬁndings aﬃrm the level of rabies endemicity and
neglect in Liberia, in spite of her lower population when
compared with other cities in the sub-region. It appears
that slums in Monrovia are not only places where basic living standards were compromised, residents were prone to
dog bite incidents and rabies epidemics. With widespread
poverty, many DBVs were unable to pay for full course
of PEP treatment. This led to high level of defaulted PEP
and contributed to human deaths from rabid dog bites.
This ﬁnding was likely to be representative of the situation in other rural areas in all other 14 counties of Liberia
(Jomah et al., 2013). In order to control the disease at the
source, anti-rabies vaccination subsidy programme is critically needed for humans as well as mass vaccination of
dogs in the slums of the city and rural areas of the country. For such programmes to be successful, it must cover
community dogs and achieve 70% herd immunity in order
to effectively control transmission of rabies from domestic dogs to humans in the city environment (FAO, 2013;
Lembo, 2012; FAO/GARC/CDC, 2016).
This ﬁnding also corroborates the WHO designation
of rabies as a neglected zoonotic disease in West Africa
(WHO/OIE, 2015), and the 2008 FAO call for humanitarian assistance for Liberia to mitigate urban and rural rabies
epidemics (FAO, 2008). More males than females were involved in dog bite incidents, with the lower limbs being
most affected during dog bite incidents. These ﬁndings are
consistent with some earlier reports (Abubakar and Bakari,
2012; Aghahowa and Ogbevoen, 2010; Ahmed et al., 20 0 0;
Fevre et al., 2005; Jomah et al., 2013). Perhaps boys and
men in general were more likely to dare wandering dogs
and as such were more prone to bites than females. Majority of street dogs in the West African sub-region are
considered to be unvaccinated against rabies. A serosurvey report of dogs in Ilorin a major transit city in Nigeria
indicated that a large proportion (57.4%, n = 109) of dogs
at that location, which had more veterinary services than
Monrovia had sub-protective antibody levels against rabies
(Olugasa et al., 2011). From the case records reviewed in
this study, only 1 out of the 775 biting dogs (0.13%) had
current antirabies vaccination at the time of the reported
bite incident. Community and individual neglect of rabies
may increase due to more attention given to Ebola virus
disease in West Africa (Olugasa et al., 2015b).
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Late presentation of DBVs for wound treatment and
post-exposure anti-rabies immunizations were signiﬁcant
determinants of treatment outcome, coupled with low
compliance with PEP course of treatment. Number of unknown initial treatments was largely responsible for lack
of association with initial treatment at the 95% conﬁdence
limit. In some cases, only when complications like wound
infection, cellulitis, tetanus or clinical rabies case had developed did relatives present DBVs at the referral clinic
for treatment. At such times vaccination was rather late
and victim’s life could not be saved. This trend is a wellknown situation even among occupationally exposed individuals in other major cities in West Africa (Olugasa et al.,
2010). By the time an average DBV received 1-dose of the
vaccine, he or she believed it was suﬃcient (or at least
far better than none) (Olugasa et al., 2010). However, earlier studies had indicated that one or two doses of antirabies vaccine pre- or post-exposure were not adequate
to confer threshold immunity on an individual not previously immunized (Olugasa et al., 2010; Centers for Disease
Control and Prevention, 2008). Late presentation of victims
here reported was consistent with reports from some other
West African countries (Abubakar and Bakari, 2012; Aghahowa and Ogbevoen, 2010; Ahmed et al., 20 0 0; Fevre et al.,
2005; Jomah et al., 2013).
It is sometimes argued that linear models are less
painstaking, but often they can be very adequate to capture certain epidemiological events (Canova and Hansen,
1995; Tam and Reinsel, 1998; Nyblom, 1986). The training of model users to predict dog bite cases may equally
be simple and effective. The endemic and epidemic segments of dog bite incident cycle here identiﬁed allow a
practical selection of which adaptive computation to apply, absolute or non-absolute addition of monthly index to
the trend value. This component was a major strength of
a simple and effective model that was suitable for logical framework planning of rabies control and prevention in
Monrovia and Montserrado County. The linear trend model
developed in this study provided practical means of forecasting dog bite cases at the referral clinic beyond available
dataset and time frame. Actual number of cases of DBVs
was not collated for April–July 2014 due to suspension of
data collection during Ebola virus disease epidemic in the
city (Dixon and Schafer, 2014; World Health Organization,
2014).
Epidemiological features of the time plot has implications for forecasting dog bite cases in the city as
seen in this study, since consideration for an endemic
or epidemic phase of dog bite events may signiﬁcantly
affect accuracy of prediction. This observation corroborates earlier reports on deterministic linear models (Box
et al., 2015; Ojo, 2010; Nyblom, 1986; Shangodoyin et
al., 2012; Gallego and Díaz, 2011; Olugasa and Fasunla,
2015) for diseases trend. The observation sharply contrasts
with quadratic model reported about DBVs (as well as
Lassa fever) among humans in other cities and Counties of
Liberia (Jomah et al., 2014; Olugasa et al., 2015a). The underlining issues could be that case presentation to the referral clinic in Monrovia was more representative all yearround than experienced elsewhere outside the capital city,
especially in the countryside. The implication is that a user
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of the linear model developed requires some training on
its use for case prediction. The importance of a time trend
model in planning for periodic supply of anti-rabies vaccines and rabies immunoglobulin for local use is evident
in support activities and measuring progress of a city-wide
programme for sustainable rabies prevention and control
in the city and the entire county (WHO/OIE, 2015; FAO,
2008,2013; Lembo, 2012; FAO/GARC/CDC, 2016; Box et al.,
2015).
There was not a single record of laboratory test carried out to conﬁrm any clinical human or dog rabies case
in the referral hospital, Monrovia. In order to improve the
detection and reporting of rabies cases in Liberia in general, there is a need to create a sustainable surveillance
programme for rabies, community-by-community (Jomah
et al., 2013; Kruk et al., 2010; Olugasa and Fasunla, 2013).
Although there were no schools of veterinary medicine to
produce graduates who would meet the current surveillance service and future workforce demands in Liberia, creating an inclusive surveillance education programm is essential for a lasting, relevant, and sustainable public health
institution to mitigate human and animal rabies in Liberia
(Olugasa and Fasunla, 2013, 2015; Olugasa, 2013). There
is need for higher education in Liberia to drive this goal
towards national development in controlling a neglected
disease as rabies (Olugasa et al., 2012; Olugasa, 2014a;
Olugasa and Sabitu, 2015). This is critical in view of the
2014–2016 epidemics of Ebola virus disease in the country (Dixon and Schafer, 2014; World Health Organization,
2014). A veterinary epidemiology curriculum is needed for
sustainable liberal arts and science in higher education towards rabies surveillance in Liberia (Olugasa and Fasunla,
2013; Olugasa, 2014b; Olugasa et al., 2015b). This will
complement existing focus on agriculture programme in a
Liberian University (USAID, 2014).
Although all African countries are rabies endemic
(WHO/OIE, 2015), there is limited surveillance data and
poor reporting system in Liberia. Joint project on rabies
surveillance and control among the Ministries of Health
and Social Welfare, the Ministry of Agriculture and the
Liberian Universities is highly recommended (Olugasa and
Fasunla, 2013; Olugasa et al., 2012, 2014; Olugasa, 2014a,b,
2013; Aiyedun and Olugasa, 2012; Olugasa and Sabitu,
2015) for Liberia to move from the present limited data
and activity towards rabies prevention and control. Judging
by a stepwise approach towards rabies control (WHO/OIE,
2015), the following activities are needed to improve upon
the current rabies detection and surveillance situation:
(i) Establish rabies diagnostic laboratory in-country that
complies with World Organization for Animal Health
certiﬁcation (WHO/OIE, 2015; Sudarshan et al., 2006).
(ii) Convene a network for rabies surveillance and active
data gathering on rabies cases among humans and animals in the country that can be trusted by humanitarian organizations.
The present study, to our knowledge is the second report of a time-trend analysis of DBVs and rabies in a
Liberian city, using a standardized approach.

6. Conclusion
We concluded that compliance with rabies postexposure-prophylaxis was very poor and annual human
death due to rabies was high in Monrovia city and
Montserrado County from August 2010 to July 2013, although these were preventable. The linear time trend
model, Xˆt = 28.278 − 0.365t here developed provides a
practical tool for monthly forecast of dog bite cases in
Montserrado County. The model is less painstaking, yet
adequate to capture dog bite epidemiologic cycle in the
city. This aids effective oversight on time trend prediction
for mitigating epidemics of rabies, a neglected disease in
Liberia. We recommend this model for use in planning activities and formulating policy for stepwise approach towards rabies control and prevention in Monrovia city and
Montserrado County, Liberia.
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