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To determine a demographic overview of orthopoxvirus seroprevalence, we tested blood samples collected
during 2003–2019 from France (n = 4,876), Bolivia (n =
601), Laos (n = 657), and Mali (n = 255) for neutralizing
antibodies against vaccinia virus. In addition, we tested
4,448 of the 4,876 samples from France for neutralizing
antibodies against cowpox virus. We confirmed extensive cross-immunity between the 2 viruses. Seroprevalence of antibodies was <1% in Bolivia, <5% in Laos,
and 17.25% in Mali. In France, we found low prevalence
of neutralizing antibodies in persons who were unvaccinated and vaccinated for smallpox, suggesting immunosenescence occurred in vaccinated persons, and
smallpox vaccination compliance declined before the
end of compulsory vaccination. Our results suggest that
populations in Europe, Africa, Asia, and South America
are susceptible to orthopoxvirus infections, which might
have precipitated the emergence of orthopoxvirus infections such as the 2022 spread of monkeypox in Europe.

I

mmunity of human populations against viruses of
the genus Orthopoxvirus, to which monkeypox virus
(MPXV), variola virus, and vaccinia virus belong, has
been questioned recently because of the emergence
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of MPXV infections. Broad cross-immunity exists between the viruses of this genus, which enabled the use
of vaccinia virus as a vaccine to prevent smallpox. In
addition, vaccinia virus–derived vaccines have been
used to prevent or mitigate MPXV infections during
the 2022 outbreak.
Since smallpox vaccination ended in 1980, immunity against orthopoxviruses has decreased worldwide. Decreased immunity has been associated with
the emergence of zoonotic orthopoxviruses with extended host specificity. MPXV has been responsible
for widespread epidemic episodes in Africa (1–3) and
other continents (4,5). Similar episodes have been
observed for buffalopox (6–8) and camelpox (8–10)
viruses in Asia and for cowpox virus, which is ubiquitous (11–13). Orthopoxvirus infections will likely
become more common because of increased travel
and trade, ecosystem changes, and altered biodiversity and climates (14–16). Since smallpox eradication
in 1980, medical research on orthopoxviruses has
gradually declined. However, in 2001, several reports
addressed the potential bioterrorism risk associated
with smallpox (17–19). These reports led to attempts
to assess the susceptibility of the general population
to smallpox (18), which has generally been determined according to smallpox vaccination coverage.
In 2001, the Santé Publique France (French Institute
of Public Health) published a report using data from
the country’s National Institute of Statistics and Economic Studies and National Institute of Health and
Medical Research that estimated smallpox vaccination coverage in France (20). Coverage was ≈0% for
persons born after 1979, 50% for those born during
1972–1978, 65% for those born during 1966–1971, and
90% for those born before 1966.
The strategy to prevent smallpox in France and
most developed countries was through systematic
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and mandatory vaccination of children. Vaccination
consisted of 2 injections; the first injection was administered at 1 year of age and the second 10 years
later. Smallpox vaccination in France was mandatory
during 1902–1978 for the first injection and until 1984
for the booster. However, for many resource-limited
countries, routine vaccination of the population was
difficult to achieve, and the World Health Organization shifted to a containment strategy of case identification, isolation, and widespread vaccination of
contacts in the 1960s. This strategy was successful in
eradicating smallpox (21), but vaccination coverage
of the general population in those countries (which
conferred cross-immunity to other orthopoxviruses)
was lower than in countries where routine vaccination had been organized.
We conducted a large-scale epidemiologic study
of the prevalence of neutralizing antibodies against
vaccinia and cowpox viruses. We tested ≈6,500 serum
samples from persons in 4 countries on different continents: France, Bolivia, Laos, and Mali. We provide a
demographic overview of orthopoxvirus seroprevalence that enables assessment of susceptibility of relevant populations to infection by this group of viruses.
Materials and Methods
Study Populations and Ethics Approval

We investigated human populations from France, Bolivia, Laos and Mali. We tested blood samples from
all study participants for the presence of neutralizing
antibodies against vaccinia virus. In addition, we tested a large cohort of the study participants in France
for the presence of neutralizing antibodies against
cowpox virus.
The population in France comprised 4,876 voluntary, unpaid blood donors whose serum samples
were collected in 2012, 2013, and 2019 from 4 regions
of metropolitan France: Auvergne-Loire (n = 837),
Corsica (n = 596), Midi-Pyrénées (n = 1,738), and
Provence-Alpes-Côte d’Azur (n = 1,705). Donors provided signed informed consent for the use of their
blood samples for nontherapeutic research purposes.
This study was approved by the local ethics committee in southern France, Comité de Protection des Personnes Sud Méditerranée I. Blood donors completed
a questionnaire that included their year of birth, sex,
and detailed information about their lifestyle, environment (home and workplace), and exposure to zoonotic diseases (22).
The population in Bolivia comprised 601 voluntary, unpaid, blood donors (23) whose serum samples were collected in 2017 in 5 departments: tropical
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climates of Santa Cruz de la Sierra (n = 165) and Beni
(n = 102), Cochabamba (n = 151), and colder subtropical climates (highlands) of Tarija (n = 23) and La Paz
(n = 160). This study was approved by the ethics committee of the Medical College of Santa Cruz, and donors provided signed informed consent for research
use of their blood samples. The information collected
included the year of birth, sex of participants, city of
residence, and occupation.
In Laos, collection of blood samples from 657
blood donors was performed in the capital city of
Vientiane in 2003, 2004, 2015, and 2018. Donors provided signed informed consent for research use of
their blood samples, and the study was approved by
the Lao National Health Research Ethics Committee
and the Oxford Tropical Research Ethics Committee.
Collected information was limited to year of birth and
sex of participants.
In Mali, 257 blood samples were collected in 2019
in the villages of Leba, Tliemba, Soloba, Bougoudale,
and Komana for a baseline study of health indicators
in the villages of the Komana gold mine region (tropical forest area). Participants provided informed consent for research use of their blood samples, and the
study was approved by the ethics committee of the
National Institute for Public Health Research in Mali.
Collected information was limited to the year of birth
and sex of participants.
Seroneutralization Assay

We used the Western Reserve vaccinia virus strain,
which is a reference laboratory strain, and the Compiègne strain of cowpox virus that is genetically distant from vaccinia virus. We isolated the Compiègne
strain of cowpox virus in 2009 from a human infected
by a domestic rat (24). We cultured both virus strains
on Vero cells in Eagle’s Minimum Essential Medium
containing 1% penicillin/streptomycin, 1% glutamine, and 10% fetal calf serum (ThermoFisher Scientific, https://www.thermofisher.com) at 37°C in
a 5% CO2 incubator. We optimized virus production
to obtain low and similar ratios of noninfectious to
infectious particles for both strains. For both viruses,
we infected Vero cells at 0.01 multiplicity of infection
in a 12-well plate for 3 h at 37°C, then washed with
Hanks’ Balanced Salt solution. For vaccinia virus, we
used clarified supernatant (centrifuged at 700 × g for
10 min) collected at 3 days postinfection that titrated
at 1.04 × 109 genome copies/mL and 1.67 × 106 50%
tissue culture infectious dose (TCID50)/mL (25) (ratio
of genome copies/TCID50 = 624). For cowpox virus,
we used clarified supernatant (centrifuged at 700 ×
g for 10 min) collected at 2 days postinfection. We
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collected cowpox virus 1 day earlier than vaccinia virus because of the large number of noninfectious cowpox virions on day 3 postinfection. The clarified cowpox supernatant titrated at 6.82 × 107 genome copies/
mL and 1.08 × 105 TCID50/mL (25) (ratio = 613). We
prepared aliquots in 15 mmol/L HEPES buffer and
stored them at –80°C.
We used the same seroneutralization protocol for
both viruses. Serum samples were stored at –80°C in
specific low binding tubes and thawed before use. We
prepared serial dilutions of serum samples in Eagle’s
Minimum Essential Medium with 1% penicillin/
streptomycin in 96-well plates by using an epMotion
5075 workstation (Eppendorf, https://www.eppendorf.com). We added 50 µL of diluted serum to 50 µL
of virus (50 TCID50/well) to produce final serum dilutions of 1:20, 1:40, 1:80 and 1:160. We centrifuged the
plates at 70 × g for 30 s and incubated them for 1 h at
37°C. After neutralization, we added the serum/virus mixtures to 96-well cell culture plates containing
confluent Vero cells and 100 µL of culture medium
(described previously) and incubated the plates at
37°C in a 5% CO2 incubator for 4 d. We included a
positive control serum from a donor vaccinated multiple times with the Lister strain of vaccinia virus,
which was supplied by the National Reference Centre, France (26).
A cytopathic effect appeared on day 3 postinfection for both viruses. We evaluated the plates on day
4 postinfection, and the cytopathic effect was extensive and assisted the analysis. We obtained live cell
images by using Cytation (BioTek, https://www.
biotek.com) or Incucyte (Sartorius, https://www.sartorius.com) readers. Each image was assigned a result that corresponded to the highest serum dilution
that had no cytopathic effect: negative (default value,
1:10) or positive at 1:20, 1:40, 1:80, or 1:160. To assess
intraassay reproducibility, we tested 10 replicates
of a positive serum sample during the same experiment. To assess interassay reproducibility, we tested
10 replicates of the same serum sample in 5 different
experiments (different day and operator). According
to criteria classically used for serologic neutralization
tests (27), we validated the assays by demonstrating
that replicate titers were within 3-fold of each other
for 80% of tested samples.

means ±SD and created graphs by using GraphPad
Prism software (https://www.graphpad.com). We
calculated Cohen κ coefficients by using a free online
tool (IDoStatistics, https://idostatistics.com/cohenkappa-free-calculator) to determine correlations
between antibodies against vaccinia and cowpox
viruses. For samples tested for both viruses, we calculated an orthopoxvirus neutralization titer (ONT)
from the geometric mean of vaccinia and cowpox
neutralization titers. We performed Mann-Whitney
tests for quantitative variables and Fisher exact tests
for categorical variables. We compared seroprevalence between each pair of regions by using Fisher
exact test without correction for test multiplicity. We
identified factors associated with the serologic titer
by using univariate analysis, then adjusted for the
year of birth by using a parametric model according
to the hypothesis of a lognormal distribution of titers
and factoring in the interval censoring of serologic
titers (28). For the study population in France, we
analyzed covariates from the questionnaire, including sex, marital status, occupation, level of education, number of persons in the household, household
income, general health status, travel outside Europe,
housing type, time spent outdoors, air conditioning,
mosquito net use, presence of garden/terrace/balcony and swimming pool, dwelling rurality, proximity
to shops, presence of a pond or marsh nearby, contact
with domestic or farm animals, exposure to mosquitoes or other biting insects and ticks, frequency of
bites and protection used, type of water supply, contact with sewage, water consumption, hunting activity, type of meat consumed, and cooking. We used
2-tailed tests for all analyses and defined the significance level as p<0.05.

Statistics

A total of 4,448 serum samples from 4 regions of
France had sufficient volumes to be tested for both
vaccinia and cowpox viruses. We observed that 4,391
(98.8%) of the participants had similar antibody titers for both viruses within +1 dilution. Among 320
participants who had a titer >20 for both viruses, 307

We compared the distribution of serologic titers and
the proportions of positive and negative serum samples between decades of birth by using Mann-Whitney tests. We compared regions or sex of participants
by using Fisher exact test. We calculated geometric

Results
Neutralizing Antibodies against Vaccinia Virus

We determined the male:female ratio, birth decades,
and titers for neutralizing antibodies against vaccinia
virus for study participants from the different populations in France, Bolivia, Laos, and Mali (Table 1).
Seroprevalence was calculated for samples using a
threshold titer of >20 (ThT20) or >40 (ThT40).
Cross-Immunity between Vaccinia and Cowpox Viruses
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Table 1. Demographic characteristics of participants and results of vaccinia virus neutralization assay in study of orthopoxvirus
seroprevalence and infection susceptibility in France, Bolivia, Laos, and Mali*
Characteristics
France
Bolivia
Laos
Mali
Total no. participants
4,876
601
657
255
M/F ratio
1.12
1.37
1.72
1.02
Mean year of birth ±SD
1967 ±14
1989 ±10
1985 ±9
1980 ±14
No. born before 1960
1,560 (32)
3 (0.5)
5 (0.8)
26 (10)
No. born before 1980
3,826 (78)
161 (27)
171 (26)
112 (43)
Antibody titers†
<20
4,137 (84.84)
598 (99.50)
632 (96.19)
211 (82.74)
20
425 (8.72)
1 (0.17)
22 (3.35)
30 (11.76)
40
217 (4.45)
1 (0.17)
3 (0.46)
12 (4.71)
80
86 (1.76)
1 (0.17)
0 (0)
2 (0.78)
160
11 (0.23)
0 (0)
0 (0)
0 (0)
Titer >40, %
6.44
0.33
0.46
5.49
Titer >20, %
15.16
0.50
3.81
17.25
*Values are no. (%) unless otherwise noted. Percentages were calculated according to the total number of study participants in each population.
†No. (%) participants with different levels of neutralizing antibodies against vaccinia virus determined by seroneutralization assay.

(96%) had concordant titers for both viruses (within
+1 dilution) (Table 2). Cohen κ coefficients were 0.43
for the 1:20 titer, 0.64 for the 1:40 titer, 0.48 for the 1:80
titer, and 0.29 for the 1:160 titer. We observed a substantial qualitative agreement between seroneutralization results for vaccinia and cowpox virus at the
1:40 threshold titer, and a concordant titer was found
for most samples.
Epidemiologic Data and Prevalence of Neutralizing
Antibodies against Orthopoxviruses in France

Among the 4,448 samples tested for both vaccinia
and cowpox virus, the male:female ratio was 1.17 and
mean year of birth (+)SD was 1966 (+13) (Table 3). Because of the differences observed between seroprevalence values calculated at ThT20 and ThT40 for vaccinia virus, we determined the ONT and considered
samples with an ONT titer >20 to be positive.
The mean seroprevalence of orthopoxvirus neutralizing antibodies in France was 8.18%; seroprevalence was >10% in persons born before 1970 and
dropped to 5% for those born during the 1970s and
to <1% for those born after 1980. The geometric mean
ONT for the entire sample population from France
was 12.8. We observed limited differences in antibody titers according to age groups, but found a clear
overall increase in the percentages of orthopoxviruspositive persons in relation to age (Figure, panels A,

B; Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/28/12/22-1136-App1.pdf).
We observed different associations between the
sex of study participants and presence of orthopoxvirus neutralizing antibodies in France depending
on the decade of birth (Figure, panels C, D). Until
the 1960s, orthopoxvirus seroprevalence was higher
among men, but it became higher among women in
the 1970s. Starting with the 1980s, we observed no difference between sexes.
The study population in France geographically covered 4 regions. We compared orthopoxvirus
neutralizing antibody titers and percentages of seropositive participants in the different regions for each
decade (Figure, panels E, F; Appendix Table 2). We
observed some differences in antibody titers and percentages of seropositive persons between the regions.
Seroprevalence was higher in Corsica and the MidiPyrénées regions than in the Provence-Alpes-Côte
d’Azur and Auvergne-Loire regions.
During the collection of samples, participants in
France filled in a detailed questionnaire concerning
lifestyle, eating habits, rurality index, contact with
livestock or wild animals, and other personal information. We estimated the association between each
of these parameters and ONT. We evaluated 60 parameters and determined none of the parameters influenced seroprevalence after adjusting for age. The

Table 2. Cross-reactivity between antibodies against vaccinia and cowpox viruses in serum samples of study participants from France
in study of orthopoxvirus seroprevalence and infection susceptibility in France, Bolivia, Laos, and Mali*
Antibody titer, cowpox virus
Antibody titers,
vaccinia virus
10
20
40
80
160
10
3,443 (77.44)
407 (9.15)
4 (0.09)
2 (0.04)
1 (0.02)
20
234 (5.26)
85 (1.91)
12 (0.27)
5 (0.11)
0
40
7 (0.16)
77 (1.73)
62 (1.39)
12 (0.27)
3 (0.07)
80
0
4 (0.09)
31 (0.70)
21 (0.47)
3 (0.07)
160
0
1 (0.02)
0
2 (0.04)
2 (0.04)
*Values are no. (%). Percentages were calculated according to 4,448 participants in France who had serum samples tested for antibodies against both
vaccinia and cowpox viruses by using the seroneutralization assay.
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Table 3. Demographic characteristics of populations in 4 regions of France who had serum samples tested for antibodies against both
vaccinia and cowpox viruses in study of orthopoxvirus seroprevalence and infection susceptibility in France, Bolivia, Laos, and Mali*
Characteristics
Corsica
Midi-Pyrénées
PACA
Auvergne-Loire
Total
M/F ratio
1.00
1.16
1.04
1.53
1.17
Mean year of birth ±SD
1966 ±12
1966 ±13
1967 ±13
1966 ±13
1966 ±13
Decade of birth
1940s
14
185
162
77
438 (9.8)
1950s
38
443
371
213
1,065 (23.9)
1960s
59
457
491
228
1,235 (27.8)
1970s
33
308
359
166
866 (19.5)
1980s
21
244
252
106
623 (14.0)
1990s
3
101
70
47
221 (5.0)
Total
168
1,738
1,705
837
4,448
*Values are no. participants or no. (%) unless otherwise noted. Percentages were calculated according to a total of 4,448 participants in France who had
serum samples tested by using the seroneutralization assay. PACA, Provence Alpes Côte-d’Azur.

only parameter directly associated with the titer of
orthopoxvirus neutralizing antibodies was age.
Discussion
After the end of smallpox vaccinations in the 1980s,
prevalence of antibodies against orthopoxviruses
was expected to decline worldwide; seroprevalence
would decrease in the youngest (and never vaccinated) age groups. Furthermore, circulation of orthopoxviruses other than smallpox was expected to
contribute to immunity against smallpox by natural
infection in some persons. Similarly, whereas smallpox vaccination can produce long-lasting immunity, immunosenescence in older vaccinated populations was expected to contribute to a decrease in
seroprevalence in persons vaccinated in childhood.
Consequently, prevalence of antibodies against orthopoxviruses is difficult to anticipate precisely in a
given population because parameters that can modulate seroprevalence are numerous, including intensity of past vaccination campaigns, number of doses
received, possible exposure to orthopoxvirus infections, and immunosenescence. Our study provides
concrete information on seroprevalence of antibodies against orthopoxviruses and compares several
populations on different continents.
Overall, our results are broadly consistent with
the expectations described above. Seroprevalence
of orthopoxvirus-specific antibodies was higher in
countries that routinely vaccinated their population
and in study participants born before the cessation
of smallpox vaccinations. However, several points
should be discussed.
Results from Bolivia and Laos are consistent with
the previous World Health Organization containment strategy used when vaccination of the general
population was not feasible. Orthopoxvirus seroprevalence was remarkably low in Bolivia (<0.5%, regardless of the threshold titer used) in those participants
born before and after 1980. This result likely reflects

both low vaccination coverage and lack of exposure
to natural orthopoxvirus infections.
In Laos, overall seroprevalence using ThT40
was very low (<1%) but similar to ThT20 (4%).
Prevalence values for persons born before 1980 were
1.8% (ThT40) and 7.0% (ThT20) compared with 0%
(ThT40) and 2.7% (ThT20) for those born after 1980
(Appendix Table 3). Therefore, neutralizing antibodies against orthopoxviruses are found predominantly (but not exclusively) in persons born before 1980
and might be related to smallpox vaccination, although low-level exposure to other orthopoxviruses
cannot be excluded.
In Mali, overall seroprevalence of orthopoxvirus antibodies using ThT40 was ≈5% and increased
to ≈17% using ThT20. Seroprevalence values for
persons born before 1980 were 10.7% (ThT40) and
27.7% (ThT20) compared with 1.4% (ThT40) and
9.0% (ThT20) for those born after 1980 (Appendix
Table 3). Thus, seroprevalence was higher in older
participants, but a substantial number of participants born after 1980 had neutralizing antibodies
against vaccinia virus. Health authorities confirmed
that no smallpox vaccination campaign existed in
the study area after 1980. The distribution of seroprevalence in Mali for different age groups using
ThT20 (Appendix Figure) suggests that exposure
to natural orthopoxvirus infections accounts for
part of the observed immunity. Samples were collected from persons in villages located in a forested
area (southern Mali), and circulation of monkeypox
virus in humans, monkeys, and rodents has been
reported in central and western Africa for several
decades, primarily at the edge of forests (3). However, vaccination might also explain the high prevalence of orthopoxvirus antibodies in the oldest
age groups.
In France, we had the opportunity to perform
testing for both vaccinia and cowpox viruses in a
large portion of our study population to improve the
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Figure. Antibody titers and
percentage of population
positive for antibodies against
orthopoxviruses in France in
study of seroprevalence and
infection susceptibility in France,
Bolivia, Laos, and Mali. Serum
samples from 4,448 persons were
tested for antibodies against both
vaccinia and cowpox virus and
an orthopoxvirus neutralization
titer (ONT) was determined. A,
B) Overall comparison of ONT
geometric mean ±SD (A) and
percentage of positive participants
(ONT>20) (B) according to decade
of birth (p values are described in
Appendix Table 1, https://wwwnc.
cdc.gov/EID/article/28/12/22-1136App1.pdf). C, D) Comparisons
of ONT geometric mean ±SD
(C) and percentage of positive
persons (ONT>20) (D) between
male and female participants
according to decade of birth. E, F)
Comparisons of ONT geometric
mean ±SD (E) and percentage
of positive persons (ONT>20)
(F) for populations in 4 different
regions of France according to
their decade of birth (p values are
described in Appendix Table 2).
Mann-Whitney tests were used to
determine geometric means ±SD;
Fisher exact tests were used to
compare percentage of positive
persons. A p value <0.05 was
considered significant.

specificity of the neutralization assay. Our results
for both viruses were similar and had a substantial
qualitative agreement and concordant titers consistent with previously documented cross-immunity
between orthopoxviruses (29). We found an orthopoxvirus antibody seroprevalence of 8.18%, which
was mainly related to age and, thus, to smallpox vaccination coverage, and a sharp decline in prevalence
beginning in the 1970s. We observed differences between sexes; antibodies were higher in men, especially those who were born before 1960. We suspect
that the medical rigor resulting from military service
for men in France might have contributed to higher
seroprevalence in the older age groups.
2468

In our study, we observed that some participants
born in the early 1940s still had high neutralization titers for orthopoxviruses. This result is consistent with
previous reports that smallpox vaccination generates
long-term splenic memory lymphocytes that can lead
to the production of antibodies against the vaccine
>80 years after vaccination (30–39). However, we
also show a low seroprevalence among participants
born before 1960 (≈12.5%). Methodologically similar
studies have also reported that age is the main factor
affecting prevalence and antibody titer. The overall
rate and decrease in prevalence is highly variable according to country (and likely vaccination policy) and
serologic methods used for testing. In Japan (40), the
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reported prevalence of neutralizing antibodies was
high (>90%) for persons born before 1968 and then
decreased sharply in the 1970s after the cessation of
smallpox vaccination in 1976. A different pattern was
observed in Australia (41); prevalence of antibodies
was 48% among persons born before 1950 and progressively decreased by half each decade for persons
born after 1950. The prevalence pattern in France is
similar to that in Australia; initial vaccination coverage was estimated at 90% by Santé Publique France
among persons born before 1966 (20), but the current
seroprevalence was reported to be lower than expected (36). The remnants of humoral smallpox immunity
appear to be conditioned by multiple factors, such as
vaccine policy and population immunity. For previously vaccinated persons in whom no neutralizing
antibodies have been found, the extent to which they
retain functional immunity against orthopoxviruses
remains unknown.
Our results also show that compliance with
smallpox vaccination or booster shots in France declined well before the end of compulsory vaccination, and territorial disparities might exist. Smallpox
disappeared from Europe after World War I, and the
epidemics generated by imported cases in the 1950s
(42,43) consistently suggest that vaccination coverage
had already begun to decline, possibly driven by adverse effects of the vaccine.
Of note, the ThT20 prevalence values in persons
born after 1980 were low (1.74% in Midi-Pyrénées,
0.65% in Auvergne-Loire, and 0% in Provence-AlpesCôte d’Azur), suggesting the absence of natural orthopoxvirus infections. Further investigations with
a larger number of study participants are needed to
clarify the proportion of persons in Corsica born after
1980 with antibodies to vaccinia virus. No environmental factors were associated with antibody seroprevalence in the study population in France, despite a
large database on living conditions.
The first limitation of our study is that the tested
cohorts might not be representative of the general
population. Differences existed in the recruitment of
participants from the different international populations, and a limited number of older persons were
tested. Second, individual vaccine data and collection
of metadata were absent or weak. Finally, a strict internationally validated threshold value for neutralization tests was absent.
In conclusion, our study suggests that, overall,
the different populations that we tested in Europe,
Africa, Asia, and South America are markedly susceptible to orthopoxvirus infections. Even in Africa,
where substantial evidence of natural circulation

of orthopoxviruses exists, population immunity is
modest. Levels of protection against orthopoxvirus
infection are lowest in persons born after 1980 because smallpox vaccinations were discontinued. In
practical terms, population immunity that might
provide a barrier to the spread of orthopoxviruses
does not appear to exist. Our study indicates that
cessation of smallpox vaccinations might precipitate the emergence of orthopoxvirus infections,
such as the currently observed spread of monkeypox in Europe.
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Viral Infections
• Invasive Group A Streptococcus Outbreaks
Associated with Home Healthcare,
England, 2018–2019

• Cross-Variant Neutralizing Serum Activity
after SARS-CoV-2 Breakthrough Infections
• Evidence of Prolonged Crimean-Congo
Hemorrhagic Fever Virus Endemicity by
Retrospective Serosurvey, Eastern Spain

• Genomic Epidemiology of Global
Carbapenemase-Producing Escherichia
coli, 2015–2017

• Lack of Evidence for Crimean–Congo
Hemorrhagic Fever Virus in Ticks Collected
from Animals, Corsica, France

• Risk for Asymptomatic Household
Transmission of Clostridioides difficile
Infection Associated with Recently
Hospitalized Family Members

• Highly Pathogenic Avian Influenza A(H5N8)
Clade 2.3.4.4b Viruses in Satellite-Tracked
Wild Ducks, Ningxia, China, 2020

• Estimating Relative Abundance of 2
SARS-CoV-2 Variants through Wastewater
Surveillance at 2 Large Metropolitan
Sites, United States

• Novel Hendra Virus Variant Circulating in
Black Flying Foxes and Grey-Headed
Flying Foxes, Australia

• Effects of Tick-Control Interventions
on Tick Abundance, Human Encounters
with Ticks, and Incidence of Tickborne
Diseases in Residential Neighborhoods,
New York, USA

• Pathogens that Cause Illness Clinically
Indistinguishable from Lassa Fever,
Nigeria, 2018

• Pertactin-Deficient Bordetella pertussis
with Unusual Mechanism of Pertactin
Disruption, Spain, 1986–2018

• Duration of Infectious Virus Shedding
by SARS-CoV-2 Omicron Variant–
Infected Vaccinees

• Determining Existing Human Population
Immunity as Part of Assessing Influenza
Pandemic Risk

• Increased COVID-19 Severity among
Pregnant Patients Infected with SARSCoV-2 Delta Variant, France
• Mathematical Modeling for Removing
Border Entry and Quarantine
Requirements for COVID-19, Vanuatu
• SARS-CoV-2 Seroprevalence after Third
Wave of Infections, South Africa

• Imported Monkeypox from International
Traveler, Maryland, USA, 2021

• Angiostrongylus cantonensis in a Red
Ruffed Lemur at a Zoo, Louisiana, USA

• Disparities in First Dose COVID-19
Vaccination Coverage among Children
5–11 Years of Age, United States

• Intercontinental Movement of Highly
Pathogenic Avian Influenza A(H5N1) Clade
2.3.4.4 Virus to the United States, 2021

• Breast Milk as Route of Tick-Borne
Encephalitis Virus Transmission from
Mother to Infant

• Multisystem Inflammatory Syndrome in
Children after SARS-CoV-2 Vaccination

• Rapid Replacement of SARS-CoV-2
Variants by Delta and Subsequent Arrival
of Omicron, Uganda, 2021

• atpE Mutation in Mycobacterium
tuberculosis Not Always Predictive of
Bedaquiline Treatment Failure

• SARS-CoV-2 Antibody Prevalence and
Population-Based Death Rates,
Greater Omdurman, Sudan

• Emerging Novel Reassortant Influenza
A(H5N6) Viruses in Poultry and Humans,
China, 2021

• Severe Multisystem Inflammatory
Symptoms in 2 Adults after Short
Interval between COVID-19 and
Subsequent Vaccination

®

To revisit the May 2022 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/28/5/table-of-contents

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 12, December 2022

2471

