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Rabies is a vaccine-preventable disease with a
global goal of zero human deaths by 2030. However,
this currently results in an annual loss of millions of
disability-adjusted  life  years, particularly in
developing countries™. China experienced a peak in
human rabies cases, with over 3,300 reported
incidents in 2007. However, the subsequent
implementation of robust measures, including
enhanced animal management and Post-Exposure
Prophylaxis (PEP), has led to a more than 90%
reduction in rabies cases from 2007 to 2023". The
epidemiological trend of human rabies in Beijing, the
capital of China, has similarly undergone three
stages since 1973. This study aimed to provide a
comprehensive  description of the observed
epidemiological characteristics in Beijing from 1973
to 2023 and to assess the progress made toward
elimination targets.

The inclusion of human rabies as a notifiable
infectious disease in China dates back to the 1950s
when the Chinese Notifiable Disease Reporting
System was established in 1955. Nevertheless, owing
to the lack of records from 1955 to 1963 and zero
human rabies cases reported from 1964 to 1972, this
study focused on human rabies cases in Beijing from
1973 to 2023. Medical institutions report all
suspected human rabies cases when patients seek
medical consultation. Subsequently, the Centers for
Disease Control (CDC) conduct epidemiological
investigations and collect related information,
including demographic information, dates of onset
and death, clinical symptoms, and likely rabid
animals. Before 2004, cases of communicable
diseases were reported via phone or mail without
the use of standardized epidemiological
questionnaires, resulting in inconsistent and non-
uniform data extracted from the annual summary
reports. Since January 1, 2004, the establishment of
the National Disease Reporting Information System
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(NDRIS) has mandated the timely reporting of all
legally notifiable infectious diseases, including
human rabies. This has enabled timely online
monitoring of human rabies.

Since 2013, human rabies cases have been
diagnosed using appropriate clinical specimens such
as saliva, cerebrospinal fluid (CSF), and urine, which
are collected and transferred to the Beijing CDC for
laboratory testing following standardized
procedures. Human rabies was classified into
clinically diagnosed and laboratory-confirmed cases,
according to the Technical Management Regulations
of Human Rabies in Beijing. A clinically diagnosed
case was defined as a reliable history of contact with
a suspected, probable, or confirmed rabid animal
plus an acute neurological syndrome (i.e.,
encephalitis) dominated by forms of hyperactivity
(furious rabies) or paralytic syndromes (paralytic
rabies) progressing toward coma and death, typically
within 7-10 days of the first signs. A laboratory-
confirmed case was defined as a clinically diagnosed
case confirmed in the laboratory and detected
mainly using real-time fluorescent reverse
transcriptase-polymerase chain reaction (RT-PCR).

The epidemic trend of human rabies in Beijing
can be delineated into three distinct phases, namely,
epidemic, zero human death and re-emergence,
respectively, from 1973 to 2023 (Figure 1). From
1973 to 1993, 190 human rabies cases were
reported, and the annual incidence showed a gradual
increase over time, reaching a peak in 1989, with 29
cases and an incidence rate of 0.27 per 100,000
people, which was the epidemic phase. Related
individuals may find it difficult to access timely,
affordable and adequate PEPB], and there is a lack of
implemented canine management policies in Beijing.

Between 1994 and 2004, Beijing entered the
second phase of rabies control efforts, resulting in 11
consecutive years without any reported human
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deaths. This achievement was attributed to the strict
enforcement of the “Regulation on Severely
Restricted Dog Ownership” in 1994, which enforced
stringent restrictions and comprehensive control
measures to effectively manage and regulate dog
ownership, along with adequate PEP™.

The third phase, from 2005 to 2023, saw the re-
emergence of human rabies, with 76 reported cases.
The highest incidence was observed in 2012, with 13
cases and an incidence rate of 0.01/100,000. This
resurgence was primarily attributed to changes in
dog ownership regulations, such as the
implementation of the “Regulation of Dog
Management” in Beijing in 2004. This regulation
transitioned from dog restrictions to registration and
annual inspections, resulting in an increase in the
canine population. However, since 2005, Beijing has
established clinics in numerous hospitals and
strengthened training and supervision to ensure
adequate and convenient PEP; in recent vyears,
nearly 300,000 individuals in Beijing receive rabies
vaccine annually. Meanwhile, effective public
awareness campaigns promoting responsible dog
ownership have been implemented. Sufficient PEP
and responsible dog ownership have contributed to
maintaining a low incidence of human rabies, and
there has been a noticeable decline since 2016, with
zero human cases reported in the past three years
(2021-2023).

Analyze the geographical distribution; since
1973, human rabies cases have been predominantly
concentrated in southeastern Beijing and have
spread to the northwest. During the first epidemic
phase from 1973 to 1993, geographical distribution

data were available for 147 cases. Excluding
Mentougou in the western area and Dongcheng and
Shijingshan, which are located centrally within the
city, most cases (125 cases, 85.03%) were reported
in the southern and eastern regions of Beijing.
During the re-emergence phase from 2005 to 2023,
an initial case of human rabies was reported in
Fengtai, a southern district, which subsequently
spread outward from this focal point. By 2023, only
three districts of Huairou in the northern area,
Dongcheng and Xicheng, located centrally within the
city, remained with zero reported cases; most
incidents (48 cases; 63.16%) occurred in southern
and eastern regions, which aligns with the
geographical distribution of the first epidemic phase.
This spatial distribution partly reflects the endemic
movement of dog rabies, which may be associated
with the landscape characteristics of the region. The
southeastern part of Beijing is primarily
characterized by flat plains, whereas the
northwestern areas are mainly mountainous.

In contrast to the nationwide pattern with a peak
in Augustm, there was no clear seasonal pattern
observed in Beijing during the initial phase of the
epidemic and its third re-emergence (P = 0.50)
(Figure 2). In the first phase, 89 cases were analyzed
for seasonal distribution. The highest morbidity rate
was observed in August, accounting for 11.24% (10
cases), whereas February had the lowest rate at
3.37% (3 cases). During the re-emergence phase,
May exhibited the highest morbidity rate of 14.47%
(11 cases), while January and March had the lowest
rates of 3.95% (3 cases).

Population distribution analysis revealed that the
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Figure 1. The incidence and number of human rabies cases reported in Beijing, 1973—2023.
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male-to-female ratio of the 89 recorded cases from
1973 to 1993 was 2.42:1, whereas, for the 76 cases
from 1993 to 2023, it was at 4.43:1. There was no
significant difference between the two phases.
Notably, the age distribution underwent significant
changes, with two distinct peaks observed before
1993 in the total 127 cases with age records:
individuals < 14 years age group (46 cases, 36.22%)
and adults in the age group of 30-39 (21 cases,
16.54%). However, there was only one single peak
after 2005, namely the age group of 50-59 (29 cases,
38.16%); ages < 14 years accounted for only two
cases (2.63%). The proportion of students and
preschool children declined from an initial stage
value of 40.60% (41 cases ) before 1993 to a third-
stage value of only 5.28% (2 cases, P < 0.01) from
2005 to 2023. This may be related to the increased
rate of vaccination after dog bites among children,
which has increased™, indicating an increased
awareness and knowledge of rabies among the
general public. However, since 1973, farmers have
always represented the largest proportion,
accounting for 48.51% (49 cases) before 1993 and
44.74% (34 cases) after 2005. This may be attributed
to a lack of awareness and limited accessibility to
PEP owing to economic constraints or geographical
distance for farmers'®. Therefore, targeted efforts
should be made to raise awareness and improve the
accessibility of PEP in this specific population.

There was a significant difference in the
exposure sites after 2005 compared to those before
1993 (P < 0.01). In total, 107 cases with reliable
records of exposure sites were identified before
1993; hand exposure accounted for 43.93% (47
cases), head and face accounted for 21.50% (23
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cases), upper limb as well as lower limb including
feet, and multiple positions each accounted for
10.28% (11 cases), and other exposure sites
accounted for 3.74% (4 cases). After 2005, out of 56
human rabies cases for which exposure details were
collected, 55 cases were animal-mediated. Most
exposure sites were located on the hands (60.00%,
33 cases), followed by the lower limbs and feet
(23.63%, 13 cases), head and face (9.09%, 5 cases),
and upper limbs (7.27%, 4 cases), none of which
reported multiple exposures (Table 1).

Of the 118 cases with a reliable history of
exposure before 1993, dog-mediated rabies
constituted the majority (96.61%, 114 cases),
whereas cat-mediated rabies represented only a
small proportion (3.39%, 4 cases). After 2005, all 55
animal-mediated human rabies cases were
attributed to dog bites; 63.63% (35 cases) were
bitten by wild dogs, and the remaining 36.36% (20
cases) were bitten by domestic dogs. A substantial
proportion (85.00%) of the domestic dogs either
lacked vaccination or had an unknown vaccination
status. This reminds us that the management and
vaccination of dogs need to be strengthened in
Beijing. Dog-mediated rabies can be significantly
reduced or even eliminated through sustained mass
dog vaccination programs, based on the experiences
of nations that have successfully eliminated dog-
mediated human rabies".

Additionally, a unique route of rabies exposure
was reported in Beijing in August 2017; human
rabies  was  transmitted  through kidney
transplantation. Before this case, in March 2017, one
liver transplantation rabies case from the same
donor had been documented in Shanxi province,

12 3 4 5 6 7 8 9 10 11 12
Year 1973 to 2003

Month

1 2 3 4 5 6 7 8 9 10 11 12
Year 2005 to 2023

Figure 2. The seasonal distribution of human rabies cases in Beijing.
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China. Both recipients were admitted to the same
medical facility and underwent transplantation on
the same day in Beijing in October 2016. Although
transmission of the rabies virus through
transplantation exposure is rare, recent years have
witnessed a significant increase in both donations
and clinical transplants, highlighting the need for
enhanced donor assessment'”.

Currently, a significant challenge encountered in
Beijing is the absence of an effective dog monitoring
system, resulting in inadequate data on the canine
population and vaccination coverage. Regional
elimination is an essential component of national
rabies programs[gl. Beijing is on the way to the phase
of zero human deaths; zero human cases may
benefit from sufficient, adequate, and timely PEP[9],
while elimination shows interruption of rabies virus
transmission and no canine cases. In recent years,
sporadic cases of canine rabies have been reported

in Beijing, indicating the ongoing circulation of the
rabies virus within animal populations and the
potential for a resurgence of human rabies cases.
The absence of a comprehensive monitoring system
and insufficient vaccination coverage for canines
adds to the uncertainty and difficulty of rabies
control. It is essential to accelerate efforts through
the implementation of canine vaccination
initiatives™ and the establishment of a monitoring
system for canines.

This study had several limitations. Before 1993,
all rabies cases were clinically diagnosed rather than
laboratory-confirmed; however, the presence of
notable signs, typical symptoms, rapid disease
progression, and a history of exposure may facilitate
clinical diagnosis, and since 2005, all clinically
diagnosed cases with qualified specimen collection
(29 cases) have been confirmed by laboratory tests,
indicating high clinical diagnostic accuracy in Beijing.

Table 1. Differences of human rabies characteristics between 1973 to 1989 and 2005 to 2023 in Beijing

Number of cases (%)

Characteristics Statistics value P value
1973-1989 2005-2023
Sex 2.60 0.11
Male 63 (70.79) 62 (81.58)
Female 26 (29.21) 14 (18.42)
Age group, years 66.57 <0.01
<14 46 (36.22) 2(2.63)
15— 24 (18.90) 2(2.63)
30- 21 (16.54) 10 (13.16)
40- 15 (11.81) 18 (23.68)
50— 8(6.30) 29 (38.16)
> 60 13 (10.24) 15 (19.74)
Occupation 57.03 <0.01
Preschool 23 (22.78) 1(1.32)
Student 18 (17.82) 1(1.32)
Workers 7 (6.93) 16 (21.05)
Official 4 (3.96) 7(9.21)
Farmer 49 (48.51) 34 (44.74)
Retired and others 0(0) 17 (22.37)
Exposure sites 17.57 <0.01
Hand 47 (43.93) 33 (60.00)
Head and face 23 (21.50) 5(9.09)
Upper limb 11 (10.28) 4(7.27)
Lower limb, feet 11 (10.28) 13 (23.64)
Multiple and Others 15 (14.02) 0(0)
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Additionally, there is a lack of complete data on
geographical distribution, sex, etc., from 1973 to
1993, which may introduce selection bias; the
missing data in this study were derived from various
years, introducing a random element that may
potentially result in minor bias.
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