
A >600% increase in monkeypox cases occurred in the 
Bokungu Health Zone of the Democratic Republic of 
the Congo during the second half of 2013; this increase 
prompted an outbreak investigation. A total of 104 pos-
sible cases were reported from this health zone; among 60 
suspected cases that were tested, 50 (48.1%) cases were 
confirmed by laboratory testing, and 10 (9.6%) tested neg-
ative for monkeypox virus (MPXV) infection. The house-
hold attack rate (i.e., rate of persons living with an infected 
person that develop symptoms of MPXV infection) was 
50%. Nine families showed >1 transmission event, and 
>6 transmission events occurred within this health zone. 
Mean incubation period was 8 days (range 4–14 days). 
The high attack rate and transmission observed in this 
study reinforce the importance of surveillance and rapid 
identification of monkeypox cases. Community education 
and training are needed to prevent transmission of MPXV 
infection during outbreaks.

Monkeypox virus (MPXV), which belongs to the 
genus Orthopoxvirus, is zoonotic and endemic to 

western and central Africa. MPXV is a close relative of 
the variola virus, and monkeypox illness resembles a 
smallpox-like infection but is less severe than smallpox. 
Most patients initially develop a fever, followed by rash 
a few days later. Lymphadenopathy is a common sign 
and occurs just before or concomitant with the rash (1,2). 
Up to 11% of unvaccinated affected persons die (3). No 
targeted medications are licensed to treat this infection. 
Although smallpox vaccination can provide some pro-
tection against infection, this vaccination is not used in 
MPXV-endemic areas because of cost considerations and  
safety concerns about using a vaccine that contains live 
vaccinia virus.

MPXV transmission among close contacts within 
households is well documented; previous reports have 
shown up to 6 intrafamily transmission events (4). Trans-
mission is thought to occur by means of salivary or respi-
ratory droplets or contact with lesion exudate (5,6); how-
ever, evidence suggests that infection can occur by direct 
inoculation (7). Previous household attack rates (i.e., rates 
of persons living with an infected person and developing 
symptoms of MPXV infection) of 3%–11% have been re-
ported (6,8). Although some reports show a high incidence 
of households with single isolated cases (8), other reports 
have documented frequent transmission events within 
households (6,9). Attack rates have been found to be much 
higher among persons living in households with an MPXV 
patient and among persons with no evidence of prior small-
pox vaccination (6,8).

Monkeypox is a reportable disease in the Democrat-
ic Republic of the Congo (DRC), and cases are reported 
from 26 health districts (containing 512 health zones). 
During 2013, a substantial increase in the number of sus-
pected human monkeypox cases was noted in the Bokungu  
Health Zone within Tshuapa District of DRC’s Equateur 
province (Figure 1). In December 2013, we conducted an 
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investigation of monkeypox for this health zone and fo-
cused on cases reported during July 1–December 8, 2013.

Methods
DRC has a regional surveillance system that collects reports 
of all suspected monkeypox cases. When possible, cases 
are investigated, a monkeypox-specific case report form is 
completed, and replicate diagnostic specimens (derived from 
lesions) are collected. During this investigation, additional 
retrospective cases within affected villages and households 
were identified on the basis of physical symptoms that were 
reported by patients and family members but that had not 
previously reported to the surveillance system.

Case Definitions
Cases in our investigation must have occurred during July 
1–December 8, 2013. We used the following case defini-
tions as part of the enhanced surveillance system in Tsh-
uapa District. A confirmed case occurred in a person with 
a history of high fever, a vesicular-pustular rash, and >1 of 
the following 3 characteristics: 1) rash on the palms and 
soles, 2) lymphadenopathy, 3) fever preceding rash. In ad-
dition, this person has a PCR-tested diagnostic specimen 
that yielded a positive result for Orthopoxvirus or had 
MPXV DNA signatures. A probable case occurred in a per-
son with a history of high fever, a vesicular-pustular rash, 
and >1 of the following 3 characteristics: 1) rash on the 
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Figure 1. Region affected by 
monkeypox illness. A) The 
Democratic Republic of the 
Congo is outlined; Tshuapa 
District is highlighted in yellow 
and Bokungu Health Zone in red. 
B) Health zones within Tshuapa 
District; Bokungu Health Zone 
is highlighted in red. The village 
with the largest cluster of cases is 
indicated by a yellow square. C) 
Distribution of cases (shown by 
red triangles) in the village with 
the most cases during  
this outbreak.
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palms and soles, 2) lymphadenopathy, 3) fever preceding 
rash. In addition, this person has a history of contact with 
a person or animal with confirmed monkeypox during the 
14 days before illness onset. A suspected case occurred in 
a person with a history of high fever, a vesicular-pustular 
rash, and >1 of the following three characteristics: 1) rash 
on the palms and soles, 2) lymphadenopathy, 3) fever pre-
ceding rash.

Clinical symptoms were documented by a trained 
healthcare provider or investigator who used a standard-
ized case-reporting form. Smallpox vaccination status was 
documented on the basis of patient recall and presence of 
a vaccination scar on the left upper arm. Analysis of vac-
cination status was performed with χ2 test by using STATA 
14.0 (https://www.stata.com/). Age was considered dichot-
omous because vaccination was available only to those >33 
years of age, as a result of the discontinuation of smallpox 
vaccination in DRC (and other countries) 33 years earlier 
(1980) after the announcement of smallpox eradication.

Diagnostic specimens (crusts, vesicular fluid, or ocular 
fluid) were collected and shipped to the Institut National 
de Recherche Biomedicale in Kinshasa, DRC, for analysis. 
DNA was extracted from each specimen, and an Ortho-
poxvirus-specific real-time PCR assay (10) was performed 
for diagnostic confirmation. If no Orthopoxvirus DNA was 
amplified, then a second real-time PCR assay was per-
formed for varicella zoster virus (VZV)–specific DNA (US 
Army Medical Research Institute of Infectious Diseases, 
unpub. data).

Symptom Intervals
Incubation period was defined as the number of days be-
tween contact with a symptomatic monkeypox patient and 
development of rash. Rash was chosen as the benchmark of 
infection for estimating incubation periods because fami-
lies were better able to recall the day of rash onset than to 
recall the day of fever onset. To obtain the best estimate of 
the MPXV incubation period, we identified patients who 
reported clear dates of exposure and rash onset in our in-
vestigation and in the published literature (4,9,11). We de-
termined a mathematical distribution of incubation times 
and calculated the mean, median, and range for the central 
75% of the cases (that is, we excluded data for patients at 
either end of the distribution). 

We conducted a larger analysis that combined the data 
from those persons with clearly identified dates of expo-
sure with data containing household transmission intervals. 

The household data was calculated by determining the time 
between onset of rash for the first and second cases in a 
household. Cases were eliminated from this analysis if the 
first 2 cases in a household were separated by <3 days be-
cause we assumed that these case-patients were infected by 
the same source. We determined a mathematical distribu-
tion for the incubation times of this larger group. A sec-
ondary analysis of the dataset containing only persons with 
clearly defined dates of exposure and the dataset which in-
cluded household transmission was performed by using an 
alternative formula that was developed to model serial case 
intervals for respiratory infections (11).

Transmission Chains
We estimated transmission chains (i.e., a series of persons 
who sequentially pass the infection to the next person) 
within families and villages on the basis of the calculated 
incubation periods for household transmission. Cases were 
considered independent when the interval between the on-
set of rash for a case-patient in the household or village was 
>8 days from the onset of symptoms for the previous case-
patient. This value was chosen because we assumed that 
the first case occurred after the shortest possible incubation 
period (5 days) and that the last possible case occurred af-
ter the longest possible incubation period (13 days). Any 
cases occurring after this window of 5–13 days are consid-
ered to result from an independent infection either inside 
or outside the household. Coordinates for case households 
were recorded with handheld global positioning system 
units (eTrex 10; Garmin, Olathe, KS, USA) and compiled 
with the locations of residential structures digitized from 
satellite images (DigitalGlobe, Westminster, CO, USA). 
Household counts were aggregated into a 50-square-meter 
grid covering the entire populated area. Tests for spatial 
autocorrelation were performed by using the Global Mo-
ran’s I tool in ArcGIS 10.2 (ESRI, Redlands, CA, USA) at 
distances of 50–1,000 meters in 50-meter increments.

Results

Monkeypox in Bokungu Health Zone
During 2013, a total of 104 suspected case-patients with 
human MPXV infection and 10 deaths (9.6%) were report-
ed from the Bokungu Health Zone to the national surveil-
lance system, with October showing a dramatic increase 
in number of cases (Table 1). Of the 104 suspected case-
patients, 60 (57.7%) had active lesions, and specimens 
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Table 1. Reported	monkeypox	cases	and	deaths	by	month,	Bokungu	Health	Zone,	2013* 
Cases	and	
deaths Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Cases,	no. 3 0 2 3 0 10 6 0 1 61 2 16 104 
Deaths,	no. 0 0 0 0 0 1 0 0 0 8 0 1 10 
*All	cases,	not	yet	characterized	as	confirmed,	probable,	or	suspected. 
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were collected from these persons for testing. Of tested 
specimens, 50 (83.3%) were confirmed MPXV infections. 
Because MPXV infection and VZV infection have clini-
cal similarities, testing for VZV was also performed. Five 
(8.3%) of the 60 patients had specimens that tested positive 
for VZV, and specimens for 5 (8.3%) failed to yield a posi-
tive result for either virus. 

During the focused investigation period (July–Decem-
ber 2013), we identified and interviewed 63 case-patients in 
16 households (Table 2). Of these case-patients, 26 had pre-
viously been identified, investigated, and reported by local 
health authorities; our investigation identified an additional 
37 case-patients, including 4 with acute illness. Of the total 
63 case-patients, 20 were confirmed, 19 were probable, and 
24 were suspected cases. Median age of case-patients was 
10 years (range 4 months–68 years); 17.7% were <5 years 
of age (Table 2). Of the 63 case-patients, 36 (57.1%) were 
male. Most cases occurred within a 74-day period between 
the first week of September and the last week of October 
(Figure 2). All 63 cases included in the 6-month investiga-
tion occurred within a 144-day window.

In the 16 investigated households, 9 (15%) of affect-
ed household members had evidence of a prior smallpox 
vaccination, compared with 30% of unaffected household 
members; χ2 analysis showed that that this difference was 
not significant (p>0.05). However, vaccination status and 
age >33 years were nearly perfectly correlated (p< 0.001).

The median number of persons affected within each 
household was 3 (mean 3.9; range 1–8). The median attack 

rate within households was 50%; mean was 52.1% (range 
50%–100%). For 1 of the 16 families investigated, all 6 
household members were affected. For all households, the 
median interval between the time that rash developed in the 
first person in the household to time that rash developed in 
the last person was 10 days (range 2–41 days).

Incubation Period
Four case-patients were able to identify a specific date of 
monkeypox exposure and rash onset. These persons report-
ed that rash developed 5–8 days after contact with an ear-
lier case-patient. A PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) search identified 12 additional persons who had 
confirmed or probable infection and well-defined incuba-
tions periods; these case-patients had an incubation period 
of 9–14 days (4,9,11). When the 4 case-patients in our in-
vestigation and the 12 historical case-patients were consid-
ered together, mean incubation period for all was 9.6 days 
and median was 9 days. The central 75% of these case-
patients had an incubation period of 6–13 days (Figure 3).

A second analysis was conducted with additional incu-
bation periods that were calculated by using the difference 
in time of onset between the first and second cases within 
12 households. These additional data were added to the 
16 data points from the first analysis. For the total 28 data 
points available for this second analysis, the mean incuba-
tion period was 8.3 days and median was 8 days. From the 
second analysis, the central 75% of case-patients had an 
incubation period of 5–12 days (Figure 3). For subsequent 
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Table 2. Characteristics	of	patients	with	monkeypox infections,	Bokungu	Health	Zone,	July–December	2013 

Characteristic Total	cases, N	=	63 
Confirmed	cases, 

n	=	20 
Probable	cases, 

n	=	19 
Suspected cases, 

n	=	24 
Unaffected	household	

members,* n	=	53 
Median	age,	y	(mean) 10	(15.5) 14	(20.4) 7	(6.7) 10	(16.4) 20	(23) 
Age range 4 mo–68 y 8 mo–68 y 4 mo–21 y 6 mo–65 y 2 mo–72 y 
Male	sex,	no.	(%)† 36 (57) 12	(60) 9/18	(50) 15/22	(68) 19/50	(38) 
Vaccinated,	no.	(%)† 9/59	(15) 5/18 (28) 0/18 (0) 4/23	(17) 14/53 (26) 
*Persons	in	households	without	symptoms	and	not	tested. 
†Denominators indicate no. patients with data available in that category. 

 

Figure 2. Epicurve of cases 
included in investigation and 
monkeypox cases during 
investigation period (July 1–
December 8, 2013). Black 
represents suspected cases, 
white represents probable  
cases, and gray represents 
confirmed cases.
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calculations in this investigation, we used the extremes in 
the 2 analyses as the incubation range (5–13 days, a range 
indicating the least and most number of days between ex-
posure and onset of rash).

A third analysis of this data was performed by using 
the model described by Jezek et al. (11). In this analysis, 
which generates a model of serial intervals from the ob-
served data, the transmission interval of the 16 well-de-
scribed cases was 9.7 (95% CI 8.35–10.95) days; the inter-
val for all 28 cases was 7.4 (95% CI 6.76–7.99) days.

Transmission Chains
Using the range of 5–13 days as the incubation period, we 
reconstructed transmission events within families and vil-
lages. When the longest incubation period (13 days) was 
used, 9 of 16 households showed >1 transmission event. 
When the shortest time of incubation was used (5 days), 
an additional 4 households showed patterns consistent with 
transmission within the household (Figure 4, panel A). 
Two households had cases separated by a considerable pe-
riod, suggesting the occurrence of either an unknown trans-
mission event within the household or an exposure outside 
of the household (Figure 4, panel B). When community-
wide transmission was considered within the health zone, 
longer transmission chains were observed, with the lon-
gest being in the village of Bokungu, where >7 suspected 
transmission events resulted in 42 apparent cases (Figure 
4, panel C). Tests for spatial autocorrelation showed that 
case households for were more spatially clustered (z-scores 
>2.0) than would be expected randomly at all distances of 
50–1,000 meters.

Discussion
Human MPXV infection is endemic to DRC, with cases 
occurring throughout the Congo Basin. Many of these 
cases occur in isolation or in small clusters, but large  

outbreaks occasionally occur that involve many persons 
over a large geographic area. During 2013, a total of 104 
cases of human monkeypox illness were reported in the 
Bokungu Health Zone. In contrast, only 17 cases were re-
ported in 2011 and 13 in 2012. The surveillance system did 
not change substantively during this period; consequently, 
the rate in 2013 represents an increase of >600%, compared 
with rates for previous years. Our investigation focused on 
cases that occurred during the height of the 2013 outbreak.

Within the investigation period, 57% of affected per-
sons were male, and median age was 10 years; 18% were 
<5 years of age. According to the United Nations World 
Population Prospects (http://esa.un.org/unpd/wpp/), 17.8% 
of the population in DRC is <5 years of age. Consequently, 
the age demographics of patients during the monkeypox 
outbreak correspond to those of the general population, sug-
gesting that young children are not more prone to MPXV 
infection than others. A parallel study performed during 
this outbreak found no association between monkeypox ill-
ness and hunting or consumption of specific animals (12).

Previous publications have reported attack rates of 
3%–11% (6,8); our investigation found a median attack 
rate of 50%, and 1 family had 100% of persons affected. 
The previously published attack rates are considerably 
lower than those for other viruses with similar routes of 
transmission; for example, smallpox has attack rates of 
35%–88% (13–15), and variola virus had an attack rate of 
90% (16). The difference between the findings reported 
here and those reported previously may result from several 
different causes. First, the high attack rate reported here 
possibly results from changing individual- and population-
level immunity caused by elimination of routine child-
hood smallpox vaccination (17). Earlier investigations may 
have found lower attack rates because more persons had 
vaccine-derived immunity; however, some persons in the 
outbreak that we investigated had MPXV infection and 
prior smallpox vaccination, which suggest possible waning 
immunity over time, a factor that should be considered in 
future investigations. Second, a viral strain different from 
that found in previous investigations could have circulated 
in this outbreak and resulted in the high attack rate. Howev-
er, we have no evidence for accepting or rejecting this pos-
sibility. Third, the high attack rate possibly reflects a high 
rate of case-patient identification in this investigation. We 
found that many persons are often affected in a household 
but that only 1 household member usually seeks medical 
attention, causing only 1 case to be recorded or investigat-
ed for surveillance. Case reporting on the basis of persons 
seeking healthcare may have caused the surveillance sys-
tem to underestimate of the number of human monkeypox 
cases. Because we used in-home interviews, many previ-
ously unidentified cases were uncovered, enabling the cal-
culation of a more accurate attack rate.
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Figure 3. Distribution of incubation periods from 2 separate 
analyses. Dark gray shows the distribution of incubation periods 
on the basis of case-patients with well-defined dates of exposure 
identified in our investigation and in the published literature (n = 
16). Light gray shows the distribution of incubation periods from 
the literature and incubation periods calculated by using the first 2 
case-patients in each family (n = 28).
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Previous investigations have shown a limited trans-
mission capacity of MPXV within the human population. 
The highest number of suspected serial transmission events 
previously recorded is 6 (4,9). The ability to identify trans-
mission events is limited by our lack of knowledge of the 
dynamics of infection. Often, whether 2 persons were co-
infected by the same person and have different incubation 
periods or whether the persons were sequentially infected 
is difficult to determine. Understanding the incubation pe-
riod of MPXV is vital for creating accurate transmission 
chains and determining if multiple introductions (human or 
zoonotic) occurred.

Sixteen patients with well-defined incubation periods 
were identified in our investigation and in the literature. 
Although these defined incubation periods are the best 
information available, they are also limited in number. 
Consequently, we also included apparent incubation pe-
riods within households. The time between onset of rash 
in 1 case and onset of rash in a subsequent case within a 
household provide an approximate incubation period. The 
longer that MPXV is present in a household, the more dif-
ficult identifying a clear infection chain is; therefore, only 

the transmission between the first and second case was used 
for the analysis. However, these 2 persons could have been 
infected by an outside source instead of by human-to-hu-
man transmission. The 3 analyses that we developed and 
presented here yielded similar results; 75% of the incuba-
tion periods were 5–13 days. Analysis of the same data by 
using the model proposed by Jezek et al. (11) yielded trans-
mission intervals that matched data from our mathematical 
distribution model when we analyzed the 16 well-described 
cases. When all 28 cases were analyzed, the Vink model 
produced an interval 1 day shorter than that for the math-
ematical distribution. The difference between these num-
bers likely results from the weighting that is included in 
the Vink model. Further work is needed to evaluate which 
model best fits the biology of MPXV.

Our investigation suggests a shorter incubation peri-
od for MPXV than that observed in many animal models 
(7,18,19). Differences in organism and exposure may ac-
count for this difference. Experimental animals are often 
exposed to a virus for a brief time, and the interval between 
that exposure and development of symptoms is recorded 
as the incubation period. In contrast, the incubation period 
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Figure 4. Reconstruction of monkeypox virus transmission events in the Democratic Republic of the Congo by using an estimated 
incubation period. Each column represents a calendar day. Red boxes represent a single case of monkeypox infection. A cluster is 
defined as a set of case-patients that could have resulted from a single exposure and are delimitated with dark vertical lines. Dark 
arrows indicate the first case within a cluster, and the dotted arrow indicates the time during which a potential single exposure could 
have produced symptoms in the first person in that group to the last (i.e., 5–13 days). A) Transmission events in the village of Bokungu 
in the Democratic Republic of the Congo. B) A household with evidence of 3 known transmission events. C) A household with evidence 
of 1 known and 1 unknown transmission event. The orange bar represents the days when the case-patient, represented by an asterisk 
(*), would be expected to have been exposed. 
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in this study was defined as the time between onset of rash 
for the first person infected and onset of rash in the second. 
Although high levels of viral shedding begin with the onset 
of rash, virus may be transmitted before the onset of rash. 
Research in prairie dogs has shown that oral shedding of 
virus begins before the development of dermal rash (5); this 
finding indicates that spread of MPXV is possible before 
the appearance of external skin lesions. Therefore, the time 
from first exposure to development of symptoms calculated 
in laboratory settings may be longer than the time calcu-
lated in this analysis.

Little information is available regarding the incuba-
tion period of MPXV in humans. A monkeypox outbreak 
in the United States revealed that the incubation period var-
ied (range 12–14 days), and this period was dependent on 
the route and nature of exposure (7). All US cases resulted 
from exposure to infected pets. In contrast, the infections 
described in this article are likely caused by exposure to 
wild animals or an infected human. The type of exposure 
and route of virus transmission may result in incubation pe-
riods during the US outbreak that differ substantially from 
those observed in the outbreak that was the focus of our 
investigation. In addition, previous outbreaks were caused 
by viruses from a different genetic clade than that which 
caused the outbreak reported here. Transmission times may 
differ because of the specific virus involved.

Altogether, the Bokungu Health Zone had 42 cases in 
>7 infection clusters (i.e., a group of cases that could have 
resulted from a single infectious exposure). These clusters 
could have been created in 3 different ways. First, the clus-
ters could be linked sequentially, whereby the infection 
could be externally introduced into a cluster and then passed 
by 1 person from that group to cluster 2 and so on. Second, 
transmission may not have occurred in a clear linear fash-
ion, but persons may have had multiple human exposures. 
Third, MPXV could have been reintroduced into the com-
munity from an external source (zoonotic or human) during 
the course of the outbreak. Although we cannot determine 
which of these possibilities is most likely, we favor the sec-
ond model because community interactions would make a 
strictly linear pattern of spread unlikely to occur. Further, 
the limited number of cases in the population as a whole 
makes it less likely that an external source was causing fre-
quent reintroductions. We can conclude that >6 transmis-
sions or introductions occurred in this health zone after the 
initial infection.

This report has limitations that should be considered. 
First, MPXV infection was laboratory confirmed in 48% 
of the cases by using PCR; the remaining cases were iden-
tified by patients’ symptoms. Laboratory confirmation 
was not possible for many cases because patients were 
interviewed after symptoms had resolved. Local resourc-
es for performing specimen collection were unavailable  

during all phases of the outbreak, so confirmation of 
MPXV infection for many cases was not possible. The 
lack of specimen collection has been noted as a limitation 
of the current surveillance program, and we are actively 
addressing this issue. Second, modeling of the incuba-
tion period was limited by the inability of most patients 
to identify a specific source of infection or a date of ex-
posure. We assumed a minimum incubation period of 3 
days when we created the incubation period model. This 
assumption was necessary to prevent bias toward very 
short incubation periods and is appropriate because of 
the longer incubation periods observed in animal mod-
els (18,20). Third, calculations were performed in our in-
vestigation with the assumption that transmission occurs 
once a person is symptomatic. Because data regarding 
transmission of MPXV are limited, this assumption was 
necessary; however, this assumption should be consid-
ered for evaluating incubation times and transmission.

This analysis provides insight into the dynamics of 
MPXV infection. We observed an average household at-
tack rate of 50%, a much higher rate than reported in previ-
ous studies. Measures to decrease this attack rate should 
be implemented, including family-based education related 
to hygiene and isolation of patients. The transmission pat-
terns observed in this outbreak also suggest transmission 
at the community level; therefore, community-wide educa-
tion should begin as soon as the first monkeypox case is 
identified in an area. The calculated incubation period of 
5–13 days further refines our understanding of the longest 
period of MPXV transmission risk after exposure in a natu-
ral setting. Knowledge of transmission risk is helpful for 
considering the appropriate monitoring period for exposed 
persons. This investigation and future work will improve 
our understanding of MPXV infection and our ability to 
limit its spread.
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Nine-banded armadillos (Dasypus  
novemcinctus) are naturally infected with  

Mycobacterium leprae and have been  
implicated in zoonotic transmission of leprosy.  

Dr. Richard Truman, Chief of the National 
Hansen’s Disease Program Laboratory  

Research Branch, discusses the recent spread 
of leprosy in the Southeastern United States.

EID Podcast: Leprosy and Armadillos 

Visit our website to listen: 
http://www2c.cdc.gov/podcasts/player.asp?f=8640494

Armadillos used in leprosy  research.  
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