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Introduction
Background 

Plague is an acute and highly contagious infectious disease 
caused by the development in the body of a gram-negative 
enterobacterium called Yersinia pestis. 

It is a zoonosis transmitted to humans by rodents [1-4].

In Madagascar, plague is an endemic disease that mainly 

Abstract

Introduction: In Madagascar, plague is a highly contagious acute endemic infectious 
disease. The diagnosis of the most severe form of pneumonic plague remains diffi  cult in children, 
hence the objectives of the present study; which is to identify the clinical signs of this clinical form 
in children and to describe its epidemiological and evolutionary profi le.

Methods: A retrospective case-control study was conducted in four pediatric wards in 
Antananarivo during the urban pneumonic plague outbreak from September 2017 to January 2018.

Those cases were defi ned as children aged 0-15 years old suspected of having plague with 
positive RDT and PCR, and they were defi ned as children aged 0-15 years old with negative 
RDT and PCR.

Results: Fifty-two cases of pneumonic plague were identifi ed, half of which (50%) were 
under 24 months of age.

A male predominance was noted with a sex ratio of 1.23 and 86.54% of the patients were 
from urban areas.

Several clinical signs were found but none was specifi c for pneumonic plague: cough (59.62% 
p: 0.5), dyspnea (3.85% p: 0.16), chest pain (3.85% p: 0.26%), hemoptysis (7.69% p: 0.17), 
vomiting (9.62% p: 0.14), diarrhea (11.54% p: 0.45), altered general condition (38.46% p: 0.24%).

Two deaths were noted (3.8%).

Conclusion: No specifi c clinical warning signs have been identifi ed in childhood pneumonic 
plague. In the event of an epidemic of urban pneumonic plague, any bacterial pneumonia should 
at least initially include active treatment against Yersinia pestis.

affects the central highlands at an altitude of more than 800m. 
It presents a seasonal upsurge each year between September 
and April [5-7]. 

An epidemic of urban pneumonic plague occurred in 
Madagascar beginning in late August 2017. Antananarivo 
was one of the cities which are particularly affected by this 
epidemic.

Positive diagnosis of pneumonic plague in children 
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remains dif icult because of the absence of speci ic clinical 
signs in children. Severe infections tend to progress rapidly 
to sepsis. Furthermore, paraclinical diagnostic con irmation is 
often delayed. 

From all the above, it is necessary to rely on epidemiological 
and clinical clues to rapidly orient the diagnosis of pulmonary 
and/or septicemic plague in children. 

At present, few data are available concerning the clinical 
picture of pulmonary and/or septicemic plague in children. 
Several clinical forms have been identi ied: bubonic plague, 
septicemic plague and pulmonary plague resulting in 
pneumonia with severe clinical expression, often responsible 
for mortality in 50% of the cases [1,2]. Other forms have 
also been described: meningeal, pharyngeal, osteoarticular 
[8-11]. The warning signs may vary according to these different 
forms, but it is also usual to ind atypical clinical signs in young 
children and infants in different infectious diseases (diarrhea, 
vomiting or abdominal pain in bacterial pneumonia, acute 
pyelonephritis or acute meningitis for example). 

Thus, the objectives of this study were to identify the signs 
of pulmonary plague in children and secondarily to describe 
its epidemiological pro ile.

Methods 

This was a retrospective case-control study, conducted 
from September to November 2017 in four pediatric wards 
in Antananarivo: University Hospital Mother and Child 
Tsaralalana, University Hospital Joseph Raseta de Befelatanana, 
University Hospital Mother and Child Ambohimiandra and 
University Hospital Soavinandriana. 

Cases were represented by children aged 0-15 years old 
with a diagnosis of con irmed pneumonic plague: clinically 
suspected cases con irmed by both a rapid diagnostic test and 
PCR or with a positive culture of bronchial secretion or gastric 
aspirate luid.

The studied cases were children aged 0-15 years old, who 
are reported to be suspected plague cases with negative RDT 
and PCR. 

Patients with incomplete clinical data and patients who 
were discharged prematurely against medical advice were 
excluded from the study.

Concerning the sample size, the sampling was exhaustive 
and included all children who met the inclusion criteria during 
the study period for the cases.

A matching considering the age and gender was done for 
the controls (2 controls for 1 case).

For the following ages:

• ≤ 24 months: age of controls = age of case +/- 1 month

• 25 months - 5 years: age of controls = age of case +/- 12 
months

• 6 years -15 years: age of controls = age of case +/- 24 
months

Regarding gender, the controls were of the same gender 
as the case.

The variables studied were: socio-demographic (age, 
gender, place of residence), disease-related (duration of the 
stay at the hospital, clinical signs on admission, treatment and 
course). 

All the information was collected on a form prepared 
for the study, from the admission register and the medical 
observation record during hospitalization for clinical data.

Data were processed and analyzed by STATA 13 software.

The Chi-square test was used for the study of signs with a 
signi icant test for a value of p < 0.05.

Ethical consideration: the study was started after obtained 
the authorization of the directors of the establishment and the 
data collection was carried out with respect for anonymity.

Results and discussion
On hundred and ifty six patients were included of which 

52 cases and 104 witnesses.

Fifty-two cases of pneumonic plague were identi ied, 
51.9% of which were between 5 and 14 years of age.

A male predominance (57.69%) was noted with a sex ratio 
of 1.36.

Regarding the place of residence, the majority (84.56%) of 
the patients were from urban areas.

As for the epidemiological context, we noted a notion of 
travel to a plague-endemic area in 5 cases.

Generally, the average time from onset to hospitalization 
was 5.35 days +/- 1.94.

Figure 1 represents the different clinical signs.

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Clinical signs

Percentage

Figure 1: Clinical signs.
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Several clinical manifestations were found, dominated by 
fever which was present in all patients.

Cough was also present in more than half of the patients 
(58%) (n = 31), and an altered general condition was 
associated in 42% of cases (n = 20).

Hemoptysis was found in 7.69% of patients (n = 4) and 
dyspnea in 9.61% (n = 5).

Other much less frequent warning signs: digestive 
(diarrhea 12% n = 6, vomiting 10% n = 5), neurological 
(seizures 13% n = 7, headache 2% n = 1), ENT (rhinorrhea 6% 
n = 3, angina 2% n = 1) were noted, chest pain was present in 
only 4% of the cases (n = 2).

However, none of the clinical signs found in this study 
were speci ic for pneumonic plague (Table 1).

The evolution was favorable in the majority of the cases; 
the death rate was 3.84%.

Fifty-two cases of pneumonic plague were reported in the 
four pediatric wards of Antananarivo during the study period, 
which represented 8.71% of all cases of plague in Madagascar, 
all ages and forms combined (n = 597).

Worldwide, there has been a dramatic decrease in the 
number of plague cases from 2008 to 2018 from 2683 to 243 
cases [12].

In Africa, Madagascar and the Republic of Congo (DRC) are 
the two countries reporting plague cases: in 2018, 133 cases 
in DRC.

However, at the global level, no recent data on pneumonic 
plague in children are available. 

According to WHO data in 2015, during the epidemic 
in Madagascar from September 2014 to February 2015: 
261 cases of pneumonic plague were recorded including 8 
pediatric cases [13].

According to the literature, bubonic plague is by far the 
most frequent clinical form, with pulmonary plague being 
secondary to the spread of the bubonic form [14] but this 
assumption was disproved by the present study where the 
pulmonary form increased markedly in number if only for 
pediatric cases: it increased from 8 in 2014 to 52.

Fifty-one point nine percent (51.9%) of patients were 
between the ages of 5 to 14 years: this result is in line with 
what has been reported by other authors [7].

However, a non-negligible percentage (48%) of children 
aged 13 to 60 months was noted: this is the age group with 
the most acute respiratory infection in pediatrics [14].

According to this study, the male gender remains the most 
affected, as has been found in other pathologies where male 
vulnerability has been noted.

This same inding has also been reported by other authors, 
particularly concerning plague: male predominance has 
always been observed (sex ratio 1.47 to 1.36) [7,15].

Regarding plague outbreaks, three main outbreaks have 
been described for Madagascar: rural and urban outbreaks in 
the Highlands and a coastal outbreak in Mahajanga.

From the irst outbreak, especially when hygiene is poor, 
contagion spreads from person to person, easily aggravated 
by the movement of people leeing the epidemic and taking 
with them those who are already infected [2,3].

In the present study, which was carried out in the capital 
city, the observed cases came from both urban and rural areas, 
but the majority of patients lived in urban areas. This can be 
explained by the precarious hygiene conditions (dirtiness, 
promiscuity) in the urban areas of the capital, which favor the 
spread of the disease.

In addition, in cases of plague, the presence of a stay in a 
plague-endemic area is most often found and helps make a 
positive diagnosis [2,3,16], which was the case in ive patients 
in this study. 

Clinically, patients were hospitalized on average 5.3 days 
after the onset of the irst symptoms.

Infected subjects usually present with an acute febrile 
state characterized by oscillating high fever [1]; in our case, 
fever was present in all patients. 

Fever was accompanied by an altered general condition in 
42% of the cases: this is a classic association during plague.

However, these two symptoms were not speci ic warning 
signs of pneumonic plague in children in this study.

The irst symptoms, apart from fever, are essentially 
respiratory: cough, dyspnea, hemoptysis or purulent sputum 
[2,3,13,14].

Table 1: Distribution according to clinical signs association.
Signs Cases Controls  p  OR
Fever  52  98  0, 30  0,5
Cough  31  62  0,18  2,27
Chills  1  1  0,56  0,37

Alteration of general condition  20  32  0,16  0,42
Dyspnea  5  10  0,55  0,26

Chest pain  2  1  0,16  
Cyanosis  1  0  0, 33  

Hémoptysis  4  3  0, 22  
Rhinorrhéa  3  0  0, 37  
Headache  1  0  0, 33  

whine  1  1  1  0,26
seizures  7  3  1  0, 37
Diarrhea  6  14  0,8  0,37
Vomiting  5  4  0,16  0,67

pallor  1  0  0,33  
angina  1  0  0,33  
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In our case, cough was the main respiratory warning sign 
in children, but it was not a speci ic warning sign in pediatrics 
either, other signs such as dyspnea and hemoptysis are much 
less frequent. 

Other symptoms were also observed in patients: digestive 
disorders (vomiting, diarrhea) and neurological (headache, 
convulsions) and ENT manifestations (angina, rhinorrhea), 
but none of them were speci ic to pneumonic plague in 
children.

Regarding the evolution, it was favorable in the majority of 
cases in the present study; the pulmonary plague is a lightning 
form, however the rate of cure is high if it is detected and 
treated in time [2,3,13,14].

Conclusion
Several clinical manifestations of pneumonic plague have 

been found, however, no speci ic clinical warning signs could 
be demonstrated in pneumonic plague in children. 

Thus, if there is an urban plague epidemic, any bacterial 
pneumonia should at least initially include active treatment 
against Yersinia pestis so as not to delay management.
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