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CASE REPORT

Abstract

Newborn, 25-day-old admitted for paroxysmal cough, 
moaning, bilateral crackling with apnoea and acute 
respiratory failure. Chest X-ray showed an infiltrate in 
the left hemithorax. Blood tests showed 38,000/µL leu-
kocytes, 19,000/µL lymphocytes and C-reactive protein 
of 27.4 mg/L. The patient was started on cefuroxime 
and gentamicin and needed mechanical ventilation. 
Polymerase chain reaction for Bordetella pertussis was 
positive and azithromycin was associated. He did not 
undergo exchange transfusion. On the third day, the 
newborn initiated clonic movements of the limbs. The 
electroencephalogram showed epileptiform activity in 
the posterior temporal regions. The cerebrospinal fluid 
had 40 cells/µL and 254 mg/dL proteins, and the mag-
netic resonance showed hyperintensity of the frontopa-
rietal white matter and thalamus. Evolution was favour-
able under phenobarbital and phenytoin. Within the 
family, which was a supporter of the antivaccine move-
ments, no family member was vaccinated. Pertussis 
encephalopathy is a rare but feared complication of 
Bordetella pertussis infection. An exchange transfu-
sion may improve the prognosis. Universal vaccination, 
particularly in pregnant women, is an important public 
health measure for the protection of vulnerable groups.
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Introduction

Pertussis (whooping cough) remains a serious public 
health problem and is still endemic worldwide. In 2014, 
24.1 million cases of infection and 160,700 deaths in 
children under the age of 5 years were estimated.1 

The disease remains active, with cycles every three 
to five years. In the United States, among multiple 
outbreaks, the last three were the greatest of the last 
50 years.2 In Portugal, the incidence of this disease 
has also increased.3 Different methodologies for case 
definition, surveillance, reporting and laboratory diag-
nosis, different vaccine efficacy, progressive decrease 
in vaccinal immunity, emergence of other species of 
Bordetella (Bordetella holmesii, Bordetella parapertussis 
and Bordetella bronchiseptica), and genetic variability 
in Bordetella pertussis are factors involved in disease 
reappearance.4,5

In Portugal, pertussis has been a disease of compulsory 
notification since 1950. The vaccine was introduced in 
the national vaccination plan in 1965 and, in 2006, the 
whole-cell pertussis vaccine (wP), which is more reac-
togenic, was replaced by the acellular pertussis vaccine 
(aP). Vaccination coverage at 12 months and 5 years of 
age has remained at 95% for the last two decades.3

The disease is described in all age groups as vaccinal 
immunity decreases over the years. In adolescents 
and adults, the clinical course is usually benign, but 
small infants may experience serious complications in 
several organ systems.6 The most frequent are respira-
tory (apnoea, pneumonia), cardiovascular (arrhythmias, 
bradycardia) and neurological (seizures and encepha-
lopathy) complications.

Case Report

A male newborn, 25 days of age, born by normal vaginal 
delivery at 39 weeks gestation was admitted for parox-
ysmal cough and respiratory distress over the previous 
72 hours. Auscultation showed bilateral wheezing and 
crackles. The chest X-ray showed an infiltrate in the left 
hemithorax. At admission, blood tests showed leuko-
cytes of 38,000/µL, lymphocytes of 19,000/µL (50%), 
monocytes of 4,000/µL (11%) and C-reactive protein 
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of 27.4  mg/L. Following a diagnosis of pneumonia, 
the newborn was treated with intravenous ampicillin, 
cefuroxime and gentamicin. After 12 hours, the patient 
experienced clinical worsening, with apnoea and acute 
respiratory failure, and volume-targeted synchronised 
intermittent positive pressure ventilation was intro-
duced for three days.
None of the family members, who supported antivac-
cine movements, were vaccinated, and the newborn’s 
mother and 5-year-old brother had a cough for two 
weeks. Due to a clinical and epidemiological suspicion 
of pertussis, a polymerase chain reaction for Bordetella 
pertussis in the respiratory secretions was requested, 
which was positive on the second day of hospitalisation. 
Consequently, azithromycin was administered for five 
days. The maximum value of leukocytes was 72,000/
µL on the second day of hospitalisation, decreasing to 
50,000/µL after 24 hours. For this reason, no exchange 
transfusion was performed.
On the third day of hospitalisation, the newborn began 
subtle clonic movements of the left upper limb. The 
electroencephalogram showed moderate epileptiform 
activity in the posterior temporal regions, in 
independent foci bilaterally, and therefore  the patient 
received intravenous phenobarbital therapy. As the 
patient developed clonic episodes in all four limbs, none 
associated to cough, intravenous phenytoin was initiated. 
At examination the cerebrospinal fluid was clear, with 40 
cells/uL, a predominance of polymorphonuclear cells, a 
cerebrospinal fluid glucose concentration of 52  mg/dL 
(capillary blood glucose of 123 mg/dL) and a cerebrospinal 
fluid protein concentration of 254 mg/dL. The cultural 
study was negative. The cranial magnetic resonance 
scan showed a T2 hyperintensity in the frontoparietal 
white matter, with a subtle identical hyperintensity in 
the medial aspect of the thalamus, with no evidence of 
diffusion restriction. The possibility of Bordetella pertussis 
encephalopathy was suggested. Evolution was favourable 
with the established therapy, with no new seizures, and 
the anticonvulsant therapy was kept for 10 days. At 18 
months old, the psychomotor development was normal. 
From a respiratory point of view, the clinical evolution 
was also favourable. During hospitalisation, and at their 
request, the entire family was also vaccinated, and 
prophylaxis was given to epidemiological contacts. 

Discussion

Encephalopathy is a rare complication of Bordetella 
pertussis infection (0.5%-1% of all cases). It is more fre-
quent in children under the age of 2 years (1.4% under 

the age of 2 months, 0.9% up to the age of 12 months 
and 0.7% above the age of 1 year), without gender pre-
dominance, although it may also affect adults.7 Due to 
its morbidity, it is one of the most feared complications 
of the disease. The clinical condition starts with seizures, 
as in the case of our patient, but also with sensory or 
motor focal deficits and/or progression to coma in more 
than 50% of patients. Surviving patients may have neu-
rological sequelae and multiple development deficits.
The pathophysiology of pertussis encephalopathy has 
been widely debated since the bacterium has never 
been isolated in the cerebrospinal fluid of affected 
patients and its etiopathogenesis has not yet been 
clarified. Most often, as seen in this case, seizures 
arise in the second stage of the disease, also known 
asthe paroxysmal phase, but they are not temporally 
related to the episodes of hypoxia characteristic of the 
paroxysmal cough. As the concentration of bacteria is 
at the maximum level in the first stage of the disease 
or catarrhal stage, it is unlikely that toxins are the 
main etiological factor of the disease. The literature on 
this topic is scarce, but encephalopathy seems to be 
multi-factorial, a process in which toxins, products of 
bacterial lysis, hypoxemia, carbon dioxide retention and 
loss of vascular regulation in the central nervous system, 
probably lead to an increase in the permeability of the 
blood brain barrier to inflammatory factors.8,9 Diagnosis 
is considered in the presence of seizures or other neu-
rological symptoms in patients with confirmed infection 
by Bordetella pertussis and in the absence of another 
most likely diagnosis. As it is the case of our patient, 
the electroencephalogram confirmed epileptic activity 
in the absence of changes suggestive of infection in 
the cerebrospinal fluid, but with signs of inflammation, 
including an increase in cells and a high cerebrospinal 
fluid protein concentration. The cranial magnetic reso-
nance scan showed nonspecific signs of inflammation, 
similar to other cases described in the literature.10,11 
In this case, encephalopathy was associated with another 
complication, pneumonia, also with a high neonatal mor-
tality.12 Pneumonia often leads to acute respiratory failure 
with refractory hypoxemia secondary to pulmonary hyper-
tension. These patients may rapidly progress to cardiogenic 
shock in the malignant pertussis syndrome. In these cases, 
mortality is high and may reach 75%.12 Risk factors for 
this syndrome are: age under 6 months old, prematurity, 
absence of whole-cell pertussis vaccination and hyper-
leukocytosis.13 In our case, the newborn’srisk factors were 
age, absence of vaccination and leukocytes of 72,000/µL. 
However,the patient did not progress to this syndrome. A 
reduction in leukocytes in a short period of time may have 
contributed to the absence of this complication.
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Hyperleukocytosis is associated with a higher mortality 
by Bordetella pertussis.14 The increase in the absolute 
number of leukocytes and the timing of leucocytosis 
onset are associated with a higher mortality risk, which 
may be decreased through an exchange transfusion.15 
In Portugal, there are no recommendations about this 
therapy, however, it should be considered early on, 
ideally before respiratory and/or heart function dete-
rioration. The white blood cell count should be moni-
tored until the total leukocyte count is below 50,000/
µL. An exchange transfusion is recommended if leuko-
cytes are above 100,000/µL with no complications, or 
above 70,000/µL with respiratory or heart failure with 
or without echocardiographic evidence of pulmonary 
hypertension.15 An exchange transfusion decreases the 
number of leukocytes, aggregates of leukocytes and 
thrombus formation in the pulmonary vessels, improves 
oxygenation and prevents progression to cardiogenic 
shock. In addition, plasma exchange may decrease toxin 
circulation, which contributes to heart and lung dam-
age.15 The largest case series of severe pertussis, treated 
with leukoreduction, showed a reduction in mortality 
from 45% (4/9) to 10% (1/10)16 and, therefore, recom-
mendations for this technique should also be discussed 
in Portugal. 
Currently, other therapies are being discussed. As 
the pulmonary capillary bed is relatively narrow, the 
deformability of the white blood cells explains the 10 to 
15 times higher transit time compared to the red blood 
cells. This situation, associated with hyperleukocytosis, 
may explain the increased resistance to standard treat-
ments of pulmonary hypertension, namely nitric oxide 
and extracorporeal membrane oxygenation.15

Neither the infection nor the vaccine confers perma-
nent immunity. Consequently, in the last 20 years, there 
has been a change in the ages at which the disease is 

more frequent, changing from the group of children 
under the age of 10 years to teenagers, adults, small 
infants and newborns.17 Taking into account that the 
risk of mortality is higher in infants under the age of 3 
months, in 2017 the vaccination of pregnant women 
was introduced in the national vaccination programme, 
and should be administered between 20 and 36 weeks 
of gestation, ideally up to 32 weeks.3 Maternal vaccinal 
antibodies transmitted transplacentally allow for the 
decrease of complications and mortality in one of the 
most vulnerable age groups.17 Thus, in the future, vac-
cination of pregnant women on a large scale may also 
decrease the severe complications of the disease.
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WHAT THIS CASE REPORT ADDS

• The spectrum of severity of pertussis.

• The challenges in the understanding of the pathophysiology of 
encephalopathy, a complication of a disease first described more 
than a 1000 years ago.

• The importance of exchange transfusion and its indications.

• The importance of vaccination in pregnant women.
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Resumo:
Recém-nascido com 25 dias de vida internado por tosse 
acessual, gemido, fervores crepitantes bilaterais, apneia e 
insuficiência respiratória aguda. Na admissão, a radiogra-
fia do tórax apresentava hipotransparência no hemitórax 
esquerdo e analiticamente tinha leucocitose 38 000/mL, 
linfocitose 19 000/mL e proteína C reativa 27,4 mg/L. Iniciou 
ampicilina, cefuroxime e gentamicina e ventilação mecânica. 
A reação em cadeia da polimerase para Bordetella pertussis 
foi positiva e associou-se azitromicina, mas não realizou 
técnicas de leucorredução. Ao terceiro dia iniciou movimen-
tos subtis clónicos dos membros. O eletroencefalograma 
apresentava atividade epileptiforme nas regiões temporais 
posteriores. Líquido cefalorraquidiano com 40 células/µL 
com predomínio de polimorfonucleares, glicorraquia normal 

e proteinorraquia 254 mg/dL. A ressonância magnética crâ-
nio-encefálica em T2 revelou hipersinal da substância branca 
frontoparietal e tálamos. A evolução clínica foi favorável sob 
fenobarbital e fenitoina. Na família, simpatizante de movi-
mentos antivacinas, nenhum elemento estava vacinado. 
A encefalopatia da pertussis é uma complicação rara e a 
exsanguineotransfusão pode melhorar o prognóstico. A 
vacinação universal é uma importante medida de saúde 
pública em especial na grávida para a proteção dos grupos 
vulneráveis.
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