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Summary

Background

Madagascar accounts for 75% of global plague cases reported to WHO, with an annual
incidence of 200-700 suspected cases (mainly bubonic plague). In 2017, a pneumonic plague
epidemic of unusual size occurred. The extent of this epidemic provides a unique opportunity
to better understand the epidemiology of pneumonic plagues, particularly in urban settings.

Methods

Clinically suspected plague cases were notified to the Central Laboratory for Plague at Institut
Pasteur de Madagascar (Antananarivo, Madagascar), where biological samples were tested.
Based on cases recorded between Aug 1, and Nov 26, 2017, we assessed the epidemiological
characteristics of this epidemic. Cases were classified as suspected, probable, or confirmed
based on the results of three types of diagnostic tests (rapid diagnostic test, molecular
methods, and culture) according to 2006 WHO recommendations.
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strains were susceptible to the tested antibiotics.

Interpretation

This predominantly urban plague epidemic was characterised by a large number of
notifications in two major urban areas and an unusually high proportion of pneumonic forms,
with only 23% having one or more positive laboratory tests. Lessons about clinical and
biological diagnosis, case definition, surveillance, and the logistical management of the
response identified in this epidemic are crucial to improve the response to future plague
outbreaks.

Funding

US Agency for International Development, WHO, Institut Pasteur, US Department of Health
and Human Services, Laboratoire d'Excellence Integrative Biology of Emerging Infectious
Diseases, Models of Infectious Disease Agent Study of the National Institute of General Medical
Sciences, AXA Research Fund, and the INCEPTION programme.

Introduction

Plague, a disease caused by a Gram-negative bacillus Yersinia pestis, has been linked to three
major historical pandemics with devastating impacts on human populations.! Plague can
manifest itself through different clinical presentations. Bubonic plague is the most common
form and is acquired through bites from fleas that serve as vectors between reservoirs
(wildlife or commensal rodents) and humans. A small number of bubonic plague cases might
develop into secondary pneumonic plague through septicaemic spread. Although there is
generally no onward transmission from bubonic plague cases, interhuman transmission from
pneumonic plague cases to close contacts can occur through droplet spread.? Bubonic plague
are characterised by fever and painful lymphadenitis in the area of the fleabite, whereas

onic plague cases are characterised by sudden fever, cough, and symptom < W >
tory tract infections, often with haemoptysis as the disease progresses. Prc
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incidence of 200-700 cases (mainly bubonic plague). In 2017, a pneumonic plague epidemic of
unusual size, timing, and geographical location occurred. On July 13, 2018, we searched Web of
Science for articles published in English between Jan 1,2017, and July 13, 2018, with the terms
“plague” and “Madagascar” in the title. We found 20 publications, including seven news items,
five perspective articles discussing the response to the epidemic, and six articles presenting
research unrelated to the 2017 plague epidemic in Madagascar. One article estimated the basic
reproduction number of pneumonic plague in the 2017 epidemic from an analysis of
preliminary data extracted from situation reports. Another article evaluated the risks of

exportation. We identified no detailed descriptions of the 2017 epidemic.
Added value of this study

In this study, we present the epidemiology and transmission dynamics of the 2017 plague
epidemic in Madagascar. This predominantly urban epidemic was characterised by many
notified cases, with a quarter classified as confirmed or probable cases, and an unusually high
proportion of pneumonic forms. The study provides a unique opportunity to better understand
the epidemiological characteristics of pneumonic plague in a densely populated urban setting.
The outbreak also illustrates the many challenges associated with the control of plague in

Madagascar.
Implications of all the available evidence

This epidemic confirmed the significant public health risk of re-emergence of pneumonic plague
in urban areas and its potential for rapid expansion. Lessons learned from this epidemic
concerning clinical and biological diagnosis, case definition, surveillance, and logistical
management of the response will form the basis for improved plague investigation and

sponse efforts in Madagascar and beyond.
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restricted mainly to one commune in the capital; Rajerison M, unpublished).

Between late August and November, 2017, Madagascar had an unprecedented plague
epidemic with a large volume of notifications, a predominance of pneumonic forms, and
multiple geographic foci, including two main urban areas—Antananarivo, the capital (with
around 2-8 million inhabitants), and Toamasina, the main seaport (with around 290 000
inhabitants). The index case was a 31-year-old man who died from respiratory distress on Aug
28,2017, while travelling in a bush taxi between the middle-west central highlands (Ankazobe)
and the coastal town of Toamasina. Two fellow passengers from the taxi subsequently died on
Sept 2, 2017, in Toamasina, and Sept 3, 2017, in Antananarivo, presumably contributing to
further disease transmission in both cities. The first laboratory-confirmed pneumonic plague
case was a 47-year-old woman from Antananarivo who was linked to the Toamasina cluster
and died on Sept 11,2017, confirming the suspicion of a pneumonic plague outbreak. WHO
was notified by the Malagasy Ministry of Public Health on Sept 13,2017, as per 2005
international health regulations, and the potential for a large-scale epidemic in an urban
context prompted a large international response.® 1

The objective of this report is to describe the epidemiological characteristics of this epidemic.
Before this report, our knowledge of pneumonic plague was largely based on a few small rural
outbreaks or century-old information.> "> & 9 12,13, 14 The extent of this epidemic therefore
provides a unique opportunity to better understand the epidemiology of pneumonic plagues,
particularly in urban settings. For completeness, we also describe bubonic plague over the
same period, even though the trends were similar to those of previous years and represent the
endemic background observed every year in Madagascar.

Methods

D ollection, biological analyses, and case classification

a retrospective observational study based on national surveillance data. Tl < gu >
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substantial missing information, the epidemiological team at Institut Pasteur de Madagascar
followed up with the notifying health-care professionals.

Biological samples (bubo aspirates for bubonic plague, sputum for pneumonic plague, and
liver or lung puncture from deceased patients) were collected by health-care workers or
physicians from suspected plague cases. Biological diagnosis of plague was done at the
Central Laboratory for Plague by rapid diagnostic tests,'> molecular biology,'® " and
culture'® (appendix). At the beginning of the pneumonic plague epidemic, molecular biology,
on the basis of conventional PCR targeting the pla gene, was used for Y pestis confirmation.®
" However, as the implemented protocol lacked specificity, this was replaced by real-time
PCR (rtPCR) targeting the pla and cafl genes'® on Nov 3, 2017. Furthermore, conventional PCR
targeting the pla, cafl, and invgenes?’ was done on samples with inconclusive rtPCR results
based on a new decision tree (appendix). All samples received before this date were retested
using these new protocols over the months of November, and December, 2017. Cases were
classified as suspected, probable, or confirmed based on the results of three types of
diagnostic tests (rapid diagnostic test, molecular methods, and culture) according to 2006
WHO recommendations (table 1).?! Point-of-care testing using rapid diagnostic tests was also
done in public health-care centres as recommended by the Plague National Control Program.
Because of insufficient experience of health-care staff operating in newly affected districts, the
results of these tests were not considered, except when no other test could be done at the
Central Laboratory for Plague.

Table 1 Case definitions

< >
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Case definitions made on the basis of 2006 WHO recommendations,?! using three diagnostic
tests done at Institut Pasteur de Madagascar—rapid diagnostic tests, molecular biology
(following the algorithm detailed in the appendix), and culture. Serologies (anti-F1 IgG
detection) were not done during the epidemic period.

* Compatible clinical presentation (fever, sepsis syndrome, lymphadenopathy, or acute pneumonitis)
and epidemiological features (such as exposure to infected animals or humans, evidence of flea bites,
or residence in or travel to a known endemic focus within the previous 10 days).?% 22

T For a single pneumonic plague case, none of the three diagnostic tests could be done at Institut
Pasteur de Madagascar, but the rapid diagnostic test done at the health-care centre was positive and

associated with clinical symptoms of plague; this case was classified as probable.

Open tablein a new tab

Isolated Y pestis strains were tested for susceptibility to streptomycin, co-trimoxazole,
tetracycline, ciprofloxacin, gentamicin, and chloramphenicol following Clinical Laboratory

Standards guidelines.?® 24

We used the collated database (Institut Pasteur de Madagascar database) of epidemiological,
clinical, and laboratory data describing cases with disease onset between Aug 1, and Nov 26,
2017, since the pneumonic plague epidemic was officially declared over on Nov 27, 2017.
Patients with a missing onset date were included if the date of clinical examination, sample
collection, or sample receipt was within the epidemic period.

The data reported here are part of the plague national surveillance system and no specific
additional ethics approval was necessary. All information on individual patients has been
anonymised for presentation.

ent of cases < >
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post-exposure antibiotic prophylaxis for contacts of all suspected cases, follow-up of these
contacts to ensure rapid isolation and treatment, strengthening of surveillance through a
range of activities, such as active case finding, air, ground, and seaport screening, and the set-
up of an alert phone line, and appropriate and wide-ranging health promotion, social
mobilisation, and community communication activities to the population. In the context of a
condition such as plague, which carries potential stigma, health education messages were
particularly important to strengthen early warning and ensure that patients sought care early.
Finally, the widespread use of antibiotics in the community might have also contributed to
reduction of community transmission.

Statistical analysis

We produced epidemic curves, sociodemographic and clinical case characteristics, and CFR
estimates of plague cases according to case classification and clinical form. We then focused
analyses on confirmed or probable cases (ie, cases with at least one positive laboratory test).

We explored potential differences in the CFR over time. Geographical zones were classified as
Antananarivo area (urban community of Antananarivo and the three neighbouring districts),
Toamasina district, endemic zone (plague-endemic districts?® apart from Antananarivo area),
or other. To investigate risk factors of death among confirmed cases, we estimated CFRs and
exact binomial 95% Cls by sociodemographic, clinical, and epidemiological factors. Because
of the small number of confirmed cases, we described trends in the data but could not assess
statistical evidence for differences. We explored if similar trends were present for the larger
number of confirmed or probable cases, for which we estimated risk ratios (RR) of death and
95% Cls using a log-binomial regression model (appendix). We did a survival analysis to
investigate the potential effects of censoring (eg, deaths that occurred after case reporting)
and evaluated the effect of inclusion of cases with unspecified clinical forms on CFR estimates
among confirmed or probable cases (appendix). We estimated survival probability by days
since onset of illness on the basis of a generalisation of the Kaplan-Meier curve. We compared
e to death among confirmed or probable pneumonic plague and bubonic plague cases
weighted log-rank test. < >
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The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Results

Between Aug 1, and Nov 26, 2017, 2414 plague cases were reported, including 1878 (78%)
pneumonic plague cases, 395 (16%) bubonic plague cases, one (<1%) septicaemic case, and
140 (6%) cases with unspecified clinical form (table 2; appendix). 66 additional cases with
missing dates were not included in our study. Case notification forms were available for 2266
(94%) of 2414 cases and biological samples were available for 2405 (>99%) of 2414 cases. 32
(2%) of 1878 notified pneumonic plague cases were confirmed and 386 (21%) were probable.
66 (17%) of 395 notified bubonic plague cases were confirmed and 73 (18%) were probable.

Table 2 Characteristics of pneumonic plague and bubonic plague cases

< >
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. 186/381 624/1443 . 31/72
Female 9 (28%) (49%) (43%) 27 (41%) (43%)
Age (years)
. 89/377 407/1444 . 12/70
0-4 5/31 (16%) (20%4) (25%) 4 (6%) (17%)
42377 152/1444 29/70
5-14 3/31 (10%) (11%) (119%) 26 (39%) 415%)
19/31 206/377 758/1444 26/70
15-49 (61%) (55%) (52%) 33 (50%) (37%)

Data are n (%), n/N (%), or median (IQR). In addition to the cases in this table, there was one
case of septicaemic plague and 140 cases whose clinical form was not specified (appendix).
Characteristics of confirmed or probable cases are presented in the appendix. Some
individuals had missing case characteristics; the total number of observations by
characteristic might therefore not add up to the total number of cases.

* Cases without any reported treatment probably include cases with missing information.

Open tablein a new tab

After an initial phase with low numbers of notified cases, the weekly number of notified
pneumonic plague cases increased markedly at the end of September, 2017, reaching its peak
(423 cases) in the week beginning Oct 2, 2017 (figure 1). The number of bubonic plague cases
peaked at the same time as pneumonic plague cases, with 245 (62%) notifications occurring in

er, 2017 (figure 1).
< >
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(26 [81%] of 32 cases), and around half of cases had chest pain (16 [50%] of 32 cases) and
haemoptysis (15 [48%)] of 31 cases). Eight (25%) of 32 confirmed pneumonic plague cases

reported use of antibiotics active on Y pestis before clinical examination (table 2). The
frequency of symptoms in probable pneumonic plague cases often fell between the frequency
in confirmed and suspected pneumonic plague cases (eg, prevalence of cough, 26 [81%] of 32
confirmed cases, 268 [76%] of 354 probable cases, and 977 [71%] of 1370 suspected cases;
prevalence of fever, 21 [75%] of 28 confirmed cases, 220 [67%] of 329 probable cases, and 771
[60%)] of 1288 suspected cases; table 2).

Among confirmed bubonic plague cases, the median age was 15 years (IQR 8-20) and 39 (59%)
of 66 cases were male. Fever was reported in 52 (98%) of 53 confirmed cases, 47 (78%) of 60
probable cases, and 182 (79%) of 231 suspected bubonic plague cases (table 2).
Characteristics of confirmed or probable cases are presented in the appendix.

The CFR was higher among confirmed cases (eight [25%] of 32 cases) than probable (27 [8%]
of 360 cases) or suspected pneumonic plague cases (74 [5%)] of 1358 cases; table 2),and a
similar trend was seen for bubonic plague cases (16 [24%] of 66 confirmed cases, four [6%] of
68 probable cases, and six [2%] of 243 suspected cases; table 2). CFR estimates for probable
cases were similar regardless of which diagnostic test was positive (appendix). The CFR
among confirmed, probable, and suspected pneumonic and bubonic plague cases was stable
over time (figure 2). Cases with unspecified clinical form had a high CFR (78 [92%] of 85 cases;
appendix).

< >
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with chest pain than others (seven [44%] of 16 cases vsone [6%)] of 16 cases; appendix),
among cases with haemoptysis than others (six [40%] of 15 cases vstwo [13%] of 16 cases),
and among cases in the endemic zone than in Antananarivo area (five [50%] of ten cases vs
three [17%] of 18 cases). The risk of death for confirmed bubonic plague cases tended to
increase with time to clinical examination (five [13%] of 38 cases with 0 to 1 days vs eight
[40%)] of 20 cases with 2 to 4 days; appendix). The analysis of risk factors of death among
confirmed or probable cases showed similar trends, but did not support a higher risk of death
among cases with chest pain or haemoptysis (appendix).

All deaths among confirmed or probable cases occurred within 8 days of symptom onset
(figure 2), with a median delay from onset to death of 1 day for pneumonic plague cases and 2
days for bubonic plague cases (weighted log-rank test p=0-12).

Between Sept 13, and Oct 9, 2017, the number of confirmed or probable pneumonic plague
cases doubled on average every 5 days (95% Cl 4-6) in the whole country and in Antananarivo
area (appendix). The reproduction number of pneumonic plague was estimated to be 1-6 or
less (appendix).

The spatial distribution of confirmed or probable cases is shown in figure 3. Pneumonic
plague mainly affected the urban centres of Antananarivo (288 [69%)] of 418 cases) and
Toamasina (63 [15%] of 418 cases), and showed substantial spatial clustering (appendix). 131
(94%) of 139 confirmed or probable bubonic plague cases were observed in plague-endemic
districts (31 in Antananarivo area and 100 outside).

< >
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Discussion

In this study, we described the epidemiology of the 2017 plague epidemic in Madagascar. This
predominantly urban epidemic was characterised by many notified cases, with a quarter of
cases classified as confirmed or probable, and an unusually high proportion of pneumonic
forms. This study provides a unique opportunity to better understand the epidemiological
characteristics of pneumonic plague in a densely populated urban setting. The outbreak also
illustrates the many challenges associated with control of plague in Madagascar.

The epidemic was characterised by exceptionally large numbers of pneumonic plague case
notifications (1878 in 2017 vs 83 per year on average in 2010-15), although the number of
notified bubonic plague cases remained similar to that of recent years.® The rapid increase in
notified cases, particularly of pneumonic form, at the end of September, 2017, prompted a
large national and international multisectoral response, the creation of a national emergency
task force, and a joint response plan to curtail the epidemic.’ The urban nature of the
epidemic, its multiple foci, and the potential for international human-to-human spread, as
well as the potentially high lethality, required rapid and sustained multipronged efforts. The
outbreak also had a substantial impact on society (eg, school closure) and travel and trade for
Madagascar (eg, implementation of airport screening measures—some airlines cancelled
flights). The large number of suspected cases was a major hurdle for logistical management of
the different aspects of the response.

This outbreak was the first time that the Central Laboratory for Plague had received such a
large number of pneumonic plague samples, which raised several challenges for laboratory
confirmation of cases. The tests initially used by the Central Laboratory for Plague had mainly
been done on bubonic plague samples and their performance on primary pneumonic plague
es had not been evaluated. Testing the presence of ¥ pestisis much more challenging
umonic plague because of the quality of sputum samples and the contam < n ¢ >
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than one positive laboratory test, with laboratory results available for more than 99% of cases.
The spatial extent of the pneumonic plague epidemic appears to have been relatively
restricted, with 84% of the confirmed or probable pneumonic plague cases observed in the
initial two main urban transmission sites (Antananarivo area and Toamasina). With a doubling
time of 5 days, the growth in confirmed or probable pneumonic plague cases was fast, but
part of that growth might have been due to increased reporting thanks to enhanced contact
tracing and arise in public awareness. Factors that might explain over-reporting of pneumonic
plague cases include little clinical experience in newly affected areas (pneumonic plague is
rare and few clinicians in Madagascar had had first-hand experience of it), and difficulty of
clinical diagnosis in a context in which respiratory signs can be caused by other circulating
pathogens (eg, a concomitant outbreak of bronchiolitis among children). Indeed, patients
with pneumonic plague initially present with mostly non-specific upper respiratory
symptoms, such as cough, fever, and headache, and differential diagnosis is therefore difficult
on clinical grounds, particularly in the early stages of disease. Some similarities to this
outbreak can be seen in an outbreak of pneumonic plague in India in 1994 that resulted in
more than 6000 notifications for less than 300 confirmed or probable cases.?® In this Indian
epidemic, experts recommended that suspected cases with negative biological test results
should remain classified as suspected.?? Overall, more than 99% of suspected cases tested
negative on both rapid diagnostic tests and PCR (with a culture that was either negative or not
done). Investigating these negative cases more thoroughly in future outbreaks, and revising
guidelines accordingly, might help better characterise the true magnitude of plague
outbreaks.

In a context such as this, in which confirmatory diagnostics are challenging, it remains difficult
to precisely quantify the prevalence of plague among notified cases. For example, newly
implemented rtPCR targeting two genes is expected to be highly specific but could have
insufficient sensitivity. Therefore, the true prevalence of plague in notified pneumonic plague
cases is likely to lie somewhere between that of confirmed and probable cases, and also

ics why we did our analyses on confirmed cases and on confirmed or probable cases as a
roup. This theory was corroborated by the fact that numbers for demograp < ini >
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confirmation (ie, hence cases are probable) and increase the likelihood of survival (hence
lower CFR). These factors might also partly explain why the CFR did not substantially change
with the response. Better access to health care and more intensive use of antibiotics in cities
(that were predominantly affected by pneumonic plague) might partly explain why the CFR of
pneumonic plague cases was lower in cities than in the endemic zone, and why pneumonic
plague cases were not more severe than bubonic plague cases, as is typically observed. The
CFR was particularly high in cases with unspecified clinical form, most of whom died before
the history of symptoms could be accurately reported. No nosocomial cases were identified
using the notification forms; assessment of the post-epidemic serological status of exposed
health-care workers is ongoing.

Serology was not done because the collection of blood samples was restricted by logistical
constraints and was not recommended by the Plague National Control Program in this
epidemic context. Serological examination of recovered patients with pneumonic plague is
ongoing during post-epidemic investigations.

We can only speculate about the factors that led to such an unprecedented outbreak. The
early start might have been induced by changes in the demography or behaviour of the
reservoir (potentially due to climatic or ecological variations), which could have increased the
risk of contact with humans. Detection of pneumonic plague cases can be more challenging in
the middle of the austral winter because of the concomitant circulation of other respiratory
diseases with similar symptoms. Once plague reaches multiple locations, including urban
centres with high population densities, management and control of the epidemic becomes
much more challenging. The lower median age for bubonic plague cases might be explained
by behavioural factors—young adults are more involved in agricultural activities, exposing
them to contact with rodents and fleas, and children spend more time close to the floor than
do adults, leading to greater exposure to flea bites.

There are several limitations to this study. The samples and data used were collected during

ponse to a major epidemic and should be interpreted in this context. For ev=mrle,
ation on pre-examination treatment was collected as free text and absence < >
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protection of health-care workers. Structures and strengthened surveillance mechanisms put
in place during the epidemic now need to be optimised to strengthen national and
international response capacities in case of another urban outbreak. Additionally,
multidisciplinary research programmes to improve diagnostic algorithms, alternatives to
aminoglycoside-based treatment, immune response mechanisms in humans, and studies
disentangling causes for re-emergence?® are required.

Overall, this epidemic confirmed the significant public health risk of re-emergence of
pneumonic plague in urban areas and its potential for rapid expansion. Lessons learned from
this epidemic will form the basis for improved plague investigation and response efforts in
Madagascar and beyond.

Contributors

VA, BR, SRaha, SRahe, GM, A-SLG, and MRaj did the laboratory tests. RR, VA, SRaha, FR, FMR,
LBR, VRaz, LB, and MRaj contributed to the data collection and management (including the
geographical information system). MJDDR and MRab contributed to patient clinical
management and expertise. BN, JP, JMR, QAtB, and SC analysed the data. BN, JP, SC, LB, and
MRaj wrote the first draft of the manuscript. RR, VA, LAR, CFN, EB, VRas, LB, AS, and MRaj
coordinated the response. All authors critically commented on the manuscript and approved
the final version.

Declaration of interests
We declare no competing interests.
Acknowledgments

This work received financial support from the US Agency for International Development (grant
-687-G-13-0003) for the implementation of the quantitative PCR technique /~~*'ipm~n+

nsumables) and financing for the additional human resources needed by t < nti >

15 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

— — - — —

Diseases programme (grant no ANR-10-LABX-62-IBEID), the Models of Infectious Disease Agent
Study of the National Institute of General Medical Sciences, the AXA Research Fund, and the
INCEPTION programme. We thank for their continuous support during the epidemic the other
team members of the Institut Pasteur de Madagascar laboratories (from the Virology,
Experimental Bacteriology, Infectious Diseases Immunology, and Malaria Research Units, the
Clinical Biology Laboratory, and the Hygiene, Food and Environment Laboratory), members of
the supporting research units at Institut Pasteur Paris (Cellule d'Intervention Biologique
d'Urgence, the Epidemiology of Emerging Infectious Diseases Unit, and the Molecular
Genetics of RNA Viruses Unit), experts deployed through the Global Outbreak Alert Response
Network (GOARN), and all the colleagues who were instrumental in improving and
implementing epidemiological and laboratory surveillance, and who supported the epidemic
response efforts.

Supplementary Material

PDF
r

Download .pdf (.91 MB) Help with pdf files
Supplementary appendix

References

1. PerryRD « Fetherston JD
Yersinia pestis—etiologic agent of plague.
Clin Microbiol Rev. 1997; 10: 35-66

w in Article A < >

16 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

Plague around the world, 2010-2015.
Wkly Epidemiol Rec.2016; 91: 89-93

View in Article A

PubMed « Google Scholar

4. Duplantier JM « Duchemin JB « Chanteau S « Carniel E.
From the recent lessons of the Malagasy foci towards a global understanding of the
factors involved in plague reemergence.
Vet Res. 2005; 36: 437-453

View in Article A

Scopus (80) « PubMed « Crossref « Google Scholar

5. Migliani R « Chanteau S « Rahalison L « et al.
Epidemiological trends for human plague in Madagascar during the second half of the
20th century: a survey of 20 900 notified cases.
Trop Med Int Health. 2006; 11: 1228-1237

View in Article A

Scopus (0) « PubMed « Crossref « Google Scholar

6. Chanteau S « Ratsitorahina M « Rahalison L « et al.
Current epidemiology of human plague in Madagascar.
Microbes Infect. 2000; 2: 25-31

View in Article A

opus (47) « PubMed « Crossref « Google Scholar

< >

17 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

I R R T I B e A AT R T R

Pneumonic plague transmission, Moramanga, Madagascar, 2015.
Emerg Infect Dis. 2017; 23: 521-524

View in Article A

Scopus (6) « PubMed o Crossref o« Google Scholar

9. RichardV « Riehm JM « Herindrainy P « et al.
Pneumonic plague outbreak, northern Madagascar, 2011.
Emerg Infect Dis. 2015; 21: 8-15

View in Article A

Scopus (12) « PubMed « Crossref « Google Scholar

10. WHO Regional Office for Africa
Plague outbreak in Madagascar. External situation report 13.
https://apps.who.int/iris/bitstream/handle/10665/259514/Ex-
PlagueMadagascar27112017.pdf;jsessionid=07EAA452DA9053F9F79F45FF326D5D207sequ
ence=1
Date accessed: February 22,2019
(Nov 27,2017)

View in Article A

Google Scholar

11. Mead PS
Plague in Madagascar—a tragic opportunity for improving public health.
N Engl J Med. 2018; 378: 106-108

w in Article A

opus (0) « PubMed e Crossref « Google Scholar < >

18 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...

ADVERTISEMENT

THE LANCET
Infectious Diseases

https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

Login Q =

19 von 25

14.

15.

16.

s A R R R T it A i R R R A

J Hyg (Lond). 1922; 21: 62-76

View in Article A

Scopus (9) « PubMed o Crossref o« Google Scholar

Viseltear AJ.

The pneumonic plague epidemic of 1924 in Los Angeles.

Yale J Biol Med. 1974; 47: 40-54

View in Article A

PubMed « Google Scholar

Chanteau S « Rahalison L « Ralafiarisoa L « et al.

Development and testing of a rapid diagnostic test for bubonic and pneumonic

plague.
Lancet.2003;361:211-216

View in Article A

Scopus (128) « PubMed « Summary e Full Text « Full Text PDF « Google Scholar

Hinnebusch J « Schwan TG.

New method for plague surveillance using polymerase chain reaction to detect

Yersinia pestis in fleas.
J Clin Microbiol. 1993;31: 1511-1514

View in Article A

PubMed « Google Scholar

uillot F « Derbise A « Kukkonen M « Foulon J « Korhonen TK « Carniel E < >

01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

| D = A

Trans R Soc Trop Med Hyg. 1996; 90: 651

View in Article A

Scopus (0) « PubMed « Summary o Full Text PDF « Google Scholar

19. Loiez C « Herwegh S « Wallet F « Armand S « Guinet F « Courcol RJ
Detection of Yersinia pestisin sputum by real-time PCR.
J Clin Microbiol. 2003; 41: 4873-4875

View in Article A

Scopus (0) « PubMed o Crossref o« Google Scholar

20. Tsukano H « Itoh K « Suzuki S « Watanabe H.
Detection and identification of Yersinia pestis by polymerase chain reaction (PCR)
using multiplex primers.
Microbiol Immunol. 1996; 40: 773-775

View in Article A

PubMed e Crossref « Google Scholar

21.
International meeting on preventing and controlling plague: the old calamity still has
a future.
Wkly Epidemiol Rec.2006; 81: 278-284

View in Article A

PubMed « Google Scholar

HO < >

20 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

(o)

Date accessed: February 22,2019
(January. PostFileLoader.html?id=58139aa4615e27240754da03&
assetKey=AS%3A422233756704774%401477679780485)

View in Article A

Google Scholar

24. Galimand M « Carniel E « Courvalin P
Resistance of Yersinia pestisto antimicrobial agents.
Antimicrob Agents Chemother. 2006; 50: 3233-3236

View in Article A

Scopus (73) « PubMed « Crossref « Google Scholar

25. Rajerison M « Ratsitoharina M « AndrianaivoarimananaV
Plague.
in: Farrar J Hotez PJ Junghanss T Kang G Lalloo D White NJ Manson's Tropical Diseases.
Saunders, Philadelphia; 2014: 404-409

View in Article A

Scopus (0) « Crossref « Google Scholar

26. AndrianaivoarimananaV « Kreppel K « Elissa N « et al.
Understanding the persistence of plague foci in Madagascar.
PLoS Negl Trop Dis. 2013; 7: €2382

View in Article A

Scopus (40) « PubMed « Crossref « Google Scholar

< >

21 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET : Q
Infectious Diseases

........ F i DT~ S o SIS TT sl o= qu e tiT T T s he g seoo =i,

J R Soc Med. 1995; 88: 547-551

View in Article A

PubMed « Google Scholar

29. Stenseth NC « Atshabar BB « Begon M « et al.
Plague: past, present, and future.
PLoS Med. 2008; 5: e3

View in Article A

Scopus (237) « PubMed « Crossref « Google Scholar

Article Info

Publication History

Published: March 28, 2019

Identification

DOI: https://doi.org/10.1016/S1473-3099(18)30730-8
Copyright

© 2019 The Author(s). Published by Elsevier Ltd.

User License

Creative Commons Attribution - NonCommercial - NoDerivs (CC BY-NC-ND 4.0) | How you can reuse 0

ScienceDirect

this article on ScienceDirect < >

22 von 25 01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...

ADVERTISEMENT

THE LANCET

. R Log in
Infectious Diseases &

https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

Tables

Table 1: Case definitions

Table 2: Characteristics of pneumonic plague and bubonic plague cases

Linked Articles

Epidemics of plague past, present, and future

Full-Text « PDF

Open Access

THE LANCET
¥ f in

23 von 25

01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...

ADVERTISEMENT

THE LANCET

Infectious Diseases

Log in Q

https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

24 von 25

Register

Subscription Options

My Account

Existing Print Subscribers
The Lancet Updates

Recommend Lancet journals to
your librarian

The Lancet App

The Lancet Choice

INFORMATION

Authors

Press

Advertisers

Careers

Privacy Policy

Terms and Conditions

Cookies

01.04.2019, 11:56



Epidemiological characteristics of an urban plague epidemic in Madag...  https://www.thelancet.com/journals/laninf/article/P11S1473-3099(18)3...

ADVERTISEMENT

THE LANCET oin Q
Infectious Diseases &

The Lancet Planetary Health
The Lancet Psychiatry

The Lancet Public Health

The Lancet Respiratory Medicine
EBioMedicine

EClinicalMedicine

< >

25 von 25 01.04.2019, 11:56



