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Severe pertussis infection
A clinicopathological study
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Abstract
We aimed to investigate the clinicopathological features of pertussis in children admitted to a tertiary-care university hospital in Brazil.
This was a retrospective cohort study of all pediatric hospital admissions with pertussis from January 1, 2008 to December 31,

2014. We also reported the autopsy findings in children who died.
Fifty-five patients admitted to the hospital over the study period had laboratorial confirmation of Bordetella pertussis infection, 17

(30.9%) needed pediatric intensive care unit (PICU) admission and 6 (10.9%) died. All patients who died were younger than 60 days
old and unvaccinated for pertussis; 50% of them had coinfection with respiratory syncytial virus. Leukocyte count ≥40,000/mm3 at
hospital admission was an independent risk factor for PICU admission. Mean heart rate during hospitalization ≥160bpm was an
independent risk factor for death. A cut-off point of 41,200 leukocytes/mm3 at hospital admission had sensitivity of 64.7% and
specificity of 89.5% to predict PICU admission (area under the curve 0.75) and sensitivity of 100% and specificity of 81.6% to predict
death (area under the curve 0.93). Autopsy showed medial thickening of small pulmonary arteries in 80% of patients who had
pulmonary hypertension; intravascular aggregates of leukocytes or pulmonary thrombosis were not observed. Immunohistochemical
staining of tissue samples obtained at autopsy identifiedB pertussis and respiratory syncytial virus in pulmonary and extra-pulmonary
sites.
Marked leukocytosis at presentation was associated with morbidity and mortality in children hospitalized with pertussis.

Implementation of preventive strategies is crucial to diminish the incidence of the disease, especially in young unimmunized infants.

Abbreviations: CI = confidence interval, PCR = polymerase chain reaction, PICU = pediatric intensive care unit, PIM = Pediatric
Index of Mortality, RR = relative risk.
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1. Introduction

Severe pertussis infection has resurged in industrialized and
developing countries in the last 2 decades, despite extensive
immunization coverage. According to the World Health
Organization, 142,512 cases of pertussis were reported in
2015 worldwide, with an estimated 86% Diphtheria-Tetanus-
Pertussis (DTP3) global immunization coverage.[1] There were
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25,768 confirmed cases of pertussis in Brazil from 2008 to 2014,
with 425 deaths.[2]

Health care costs of severe pertussis infection are high. In
Australia and New Zealand, more than USD$1,000,000 per year
were spent on direct hospitalization costs related with severe
pertussis from 2002 to 2014.[3] In Brazil, more than USD
$2,000,000 were spent in 2013 by the Public Health System on
hospitalizations for pertussis in children.[4]

Data on the clinical course of severe pertussis requiring
hospitalization and/or intensive care unit admission are scarce
and a few studies have included only laboratory confirmed cases
of Bordetella pertussis infection.[5–8] In addition, autopsy studies
in children who died from pertussis are limited, and findings are
not consistent.[9–13]

We aimed to study the epidemiology and clinical features of
severe pertussis in children admitted to a tertiary-care university
hospital in Brazil; to investigate the risk factors for pediatric
intensive care unit (PICU) admission and death; and to describe
the autopsy findings of children with pertussis who died. We
hypothesized that knowledge on epidemiology, clinical features,
and anatomopathological data could contribute to the imple-
mentation of preventive and treatment strategies aiming at
improving the outcome of severe pertussis infection in children.
2. Methods

This was a retrospective cohort study of pediatric patients with
pertussis admitted to Hospital das Clinicas of Ribeirão Preto
Medical School, University of São Paulo, from January 1, 2008 to
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Table 1

Demographic, clinical, and laboratory data of study patients.

Characteristics Median (range) or n (%)

Age, d 58 (17–1885)
Weight, kg 4.5 (2.1–17.7)
Weight z-score �1.075 (�5.8–0.97)
Male gender 25 (45.4)
Comorbidity 9 (16.3)
Prematurity 14 (25.4)
Unvaccinated for pertussis 35 (63.7)
Cough onset to hospital admission, d 10 (2–40)
Maximum heart rate, bpm 180 (139–222)
Mean heart rate, bpm 147 (117–193)
White blood cell count at hospital
admission, /mm3

27,900 (5400–123,000)

Lymphocyte count at hospital
admission, /mm3

19,073 (3294–54,120)

Platelet count at hospital admission, /mm3 508,000 (29,000–912,000)
Viral coinfection 11 (20)
Need for pediatric intensive care
unit admission

17 (30.9)

Length of hospital stay, d 8 (1–93)
Death 6 (10.9)
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December 31, 2014. The study was approved by the Institutional
Research Ethics Board (#11958/2014). The informed consent
form was waived because of the retrospective nature of the study.
All children 0 to 18 years of age hospitalized with laboratory
confirmed pertussis were eligible for the study. Laboratory
confirmation included isolation of B pertussis in nasopharyngeal
aspirates by culture and/or detection of B. pertussis DNA by
polymerase chain reaction (PCR). Patientswith clinically suspected
pertussis but without laboratory confirmation were excluded.
Demographic and clinical data were collected from patients’

health records. The weight z-score and the weight-for-age index
were obtained from the World Health Organization Antro
Software program available on the World Health Organization’s
website.[14] Need for PICU admission, laboratory data, treat-
ment, and outcomes were also recorded. For patients who were
admitted to the PICU, severity of illness was assessed by Pediatric
Index of Mortality (PIM) score[15] and organ dysfunction was
assessed by Pediatric Logistic Organ Dysfunction score.[16] Total
inotropic support was estimated by a modified inotropic score,
calculated as follows: doses of dopamine+dobutamine+milri-
none�10+epinephrine�100+norepinephrine�100.[17]

Autopsy findings of all children who died were reported.
Permission to perform an autopsy was requested from the families
of all patients who died in the PICU by attending physicians or
residents. Six to 20 hours after death, complete autopsies were
performed by a pathology resident under supervision of a senior
pathologist (FSR). After “ex situ” inspection of all organs, tissue
samples were collected and immersed in 10% buffered formalin
solution for 36hours, and subsequently embedded into paraffin
blocks. Sections of 4mm thickness were stained with hematoxylin
and eosin, and sent for histopathological evaluation. Additionally,
4mm thick tissue sections were deparaffinized, rehydrated,
immersed in citrate buffer (10mmol/L, pH 6.0), and submitted
to heated water vapor for 45 minutes for antigen retrieval. Slides
were thenwashed inphosphatebuffer solution (PBS), immersed for
20 minutes in 3% hydrogen peroxide for blocking endogenous
peroxidases and for 30 minutes in normal serum (Vectastain Elite
ABC Universal Kit, Vector Laboratories Inc., Burlingame, CA) for
blocking nonspecific proteins. Sections were then incubated with
primary anti-B pertussis monoclonal antibodies (clone IgG3;
LifeSpan BioSciences, Inc., Seattle, WA, dilution 1: 100) and
antirespiratory syncytial virus (Clone 4 clone blend; LifeSpan
BioSciences, Inc.: 1: 100 dilution) for 2 hours in a humid chamber
at room temperature. After successive washes in PBS, universal
biotinylated secondary antibody (Vectastain Elite ABC Universal
Kit) was applied for 30minutes at room temperature. In sequence,
the slideswere incubated for 5minuteswith the streptavidin–biotin
complex (Vectastain Elite ABC Universal Kit) and stained for 5
minuteswith diamino-benzidine. The sampleswere counterstained
with Mayer hematoxylin and mounted with Permount (Fischer
Scientific, Fairlawn, NJ). All slides were reviewed by a senior
pathologist (FSR)and the lung tissue slideswere also assessedbyan
expert pulmonary pathologist (ATF).

2.1. Statistical analysis

Analysis was made using SAS 9.4 (SAS Institute Inc., Cary, NC).
Data were expressed as median (range) or absolute frequency (%).
The sample size was defined based on the number of hospital
admissions of pertussis with laboratory confirmation during the
studyperiod. Patientsweredivided intogroupsaccording to theneed
for PICU admission and outcome (death or survival). Continuous
variables were compared byMann–WhitneyU test, and categorical
2

variables were compared by Fisher exact test. Relative risks (RRs)
and 95% confidence intervals (CIs) were obtained after adjusting
log-binomial regression models. Initially, simple log-binomial
regressionmodels were fitted, resulting in crude RRs. Subsequently,
the adjustment of multiple log-binomial regression models resulted
in adjusted RRs. Receiver-operating characteristic curves were
constructed to evaluate the ability of leukocyte count at hospital
admission to predict need for PICU admission and death. A 5%
significance level was considered in all analyses.
3. Results

Over the 7-year study period, 60 cases of pertussis were admitted
to our university hospital. Fifty-five patients were included in the
study; 5 were excluded because the diagnosis of pertussis was
made based only on the clinico-epidemiological criteria, without
laboratory confirmation. Forty-nine patients (89%) had B
pertussis DNA detected by PCR in nasopharyngeal secretions
and in 17 patients (30.9%) B pertussis was isolated by culture.
Demographic, clinical, and laboratory data of study patients are

shown in Table 1. The underlying diseases included congenital
heart malformation (n=2), bronchopulmonary dysplasia (n=1),
end-stage renal disease (n=1), gastroesophageal refluxdisease (n=
1), glucose-6-phosphate dehydrogenase deficiency (n=1), chronic
encephalopathy (n=1), genetic syndrome (n=1), and allergic
rhinitis (n=1). Eleven patients (20%) had a viral coinfection
detected by PCR in nasopharyngeal aspirates: 8 with respiratory
syncytial virus, 2 with adenovirus, and 1 with influenza. All
patients were treated with macrolide antibiotics (46 with
erythromycin and 9with clarithromycin). There was a progressive
increase in the number of hospitalizations from2010 to 2014,with
12 hospital admissions per year over the last 3 years (Fig. 1).

3.1. Comparison between patients admitted to the
pediatric ward versus those who needed PICU admission

Patients who needed PICU admission had lower weight, higher
heart rate, and greater leukocyte and absolute lymphocyte count
at hospital admission compared with those hospitalized in the



Figure 1. Number of admissions for pertussis per year.

Table 2

Comparison between ward and pediatric intensive care unit (PICU) g

Characteristics Ward (n=3

Age, d 69 (17–1885
Weight, kg 4.6 (2.9–17.7
Weight z-score �0.94 (�4.87–
Male gender 17 (44.7)
Comorbidity 4 (10.5)
Prematurity 8 (21)
Unvaccinated for pertussis 22 (58)
Cough onset to hospital admission, d 10 (3–40)
Maximum heart rate, bpm 170 (139–210
Mean heart rate, bpm 142 (117–163
White blood cell count at hospital admission, /mm3 24,400 (8000–60
Lymphocyte count at hospital admission, /mm3 16,170 (5760–39
Platelet count at hospital admission, /mm3 516,000 (29,000–
Coinfection with respiratory syncytial virus 3 (7.8)
Length of hospital stay, d 6 (1–32)

Data are shown as median (range) or n (%).

Table 3

Characteristics of pediatric intensive care unit treatment and outcom

Patient Age, d
Noninvasive

mechanical ventilation, d
Invasive mechanical

ventilation, d
Nitri
oxid

1 17 0 11 Yes

2 29 10 10 No
3 30 18 0 No
4 31 1 1 Yes
5 31 0.04 5 Yes
6 38 3 8 No
7 44 0 2 Yes
8 50 0.5 2 No
9 52 2 7 No
10 57 2 7 No
11 58 5 0 No
12 59 0 10 Yes
13 62 4 0 No
14 64 0 48 No
15 104 4 0 No
16 128 4 0 No
17 185 4 7 No
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pediatric ward. Length of hospital stay was also longer in the
PICU group (Table 2).
All patients (n=17) admitted to the PICU needed respiratory

support: 4 received only invasive mechanical ventilation, 5
received only noninvasive mechanical ventilation, and 8 patients
received invasive and noninvasive ventilation. Duration of
noninvasive mechanical ventilation ranged from 0.04 to 18 days
(median 4 days) and duration of invasive mechanical ventilation
ranged from 1 to 48 days (median 7 days). Eleven patients
required treatment with vasoactive/inotropic drugs during PICU
stay. Inotropic score ranged from 0 to 97 (median 6). Five
patients received nitric oxide and 3 patients received sildenafil for
the treatment of pulmonary hypertension. Two patients received
stress doses of hydrocortisone for catecholamine-refractory
shock and 2 patients received red blood cell transfusion (Table 3).
3.2. Comparison between death and survival groups

Patients who died were significantly younger and had higher
heart rate, greater leukocyte and absolute lymphocyte count at
roups.

8) PICU (n=17) P

) 52 (17–185) .12
) 4 (2.1–6.1) .04
0.97) �1.74 (�5.8–0.78) .71

8 (47) 1
5 (29.3) .11
6 (35.2) .32
13 (76.5) .23
8 (2–20) .19

) 199 (182–222) <.001
) 152 (135–193) .002
,900) 42,600 (5400–123,000) .002
,732) 22,046 (3294–54,120) .02
912,000) 496,000 (194,000–848,000) .65

5 (29.4) .09
15 (2–93) .002

e.

c
e Sildenafil

Inotropic
score Other Outcome

Yes 83 Hydrocortisone for refractory shock;
red blood cell transfusion

Death

No 16 – Survival
No 0 – Survival
No 97 – Death
Yes 5 – Death
No 6 – Survival
No 13 – Death
No 44 – Death
No 0 – Survival
No 4 Red blood cell transfusion Survival
No 0 – Survival
No 50 Hydrocortisone for refractory shock Death
No 0 – Survival
No 10 – Survival
No 0 – Survival
Yes 0 – Survival
No 6 – Survival

http://www.md-journal.com


Table 4

Comparison between death and survival groups.

Characteristics Death (n=6) Survival (n=49) P

Age, d 37 (17–59) 64 (17–1885) .04
Weight, kg 4.3 (3.5–6.1) 4.5 (2.1–17.7) .7
Weight z-score �0.16 (�2.1–0.78) �1.2 (�5.8–0.97) .1
Male gender 4 (66.5) 21 (42.8) .39
Comorbidity 2 (33.3) 7 (14.2) .25
Prematurity 0 (0) 14 (25) .32
At least 1 dose of pertussis vaccine 0 (0) 20 (40.8) .008
Cough onset to hospital admission, d 8 (2–20) 10 (3–40) .19
Maximum heart rate, bpm 200 (193–222) 175 (139–216) .001
Mean heart rate, bpm 163 (151–193) 146 (117–171) <.001
White blood cell count at hospital admission, /mm3 55,250 (41,600–123,000) 26,900 (5400–65,000) <.001
Lymphocyte count at hospital admission, /mm3 34,953 (27,783–54,120) 17,170 (3294–40,936) <.001
Platelet count at hospital admission, /mm3 500,000 (397,000–730,000) 516,000 (29,000–912,000) .98
Coinfection with respiratory syncytial virus 3 (50) 5 (10.2) .03
Length of hospital stay, d 8 (2–17) 8 (1–93) .74

Data are shown as median (range) or n (%).
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hospital admission, and more coinfection with respiratory
syncytial virus compared with those who survived. All non-
survivors were unvaccinated for pertussis compared with 29
(59.2%) survivors (P= .008) (Table 4).
All patients who died were admitted to the PICU and received

invasivemechanical ventilation for amedian time of 3.5 days (range
1–11 days). Leukocyte count was significantly greater in non-
survivors compared to patients admitted to the PICUwho survived,
at PICU admission (median 62,050/mm3, range 43,700–117,700/
mm3 vs median 24,700, range 5400–65,000/mm3; P= .01), in the
middle of PICU stay (median 77,150/mm3, range 37,400–111,300/
mm3 vs median 19,300/mm3, range 7800–80,000/mm3; P= .01),
and at death/ PICU discharge (median 98,500/mm3, range 59,700–
218,400/mm3 vs 21,900/mm3, range 6200–51,600/mm3;P< .001),
respectively. Patients who died had higher inotropic score (median
47; range 5–97) compared with those admitted to the PICU who
survived (median 0; range 0–16) (P= .002). In addition, Pediatric
Logistic Organ Dysfunction score was higher in nonsurvivors
compared with survivors (median 26, range 11–40 vs median 11,
range 1–21, respectively; P= .002). However, PIM score was not
significantly different in both groups (median 59, range 17–74 vs
median 37, range 4–73, respectively; P= .59). The causes of death
for all patients were respiratory failure, refractory shock, and
Table 5

Risk factors for admission to the pediatric intensive care unit and de

Variable
PICU

admission
No PICU
admission

Crude RR
(95%CI)

Adjusted R
(95% CI)

Age, d
>60 5 (19.2) 21 (80.8) Ref Ref
�60 12 (41.4) 17 (58.6) 2.15 (0.88–5.28) ∗

Weight z-score
>�1 6 (20.7) 23 (79.3) Ref Ref
��1 11 (42.3) 15 (57.7) 2.04 (0.88–4.74) ∗

Leukocyte count at hospital admission, /mm3

<40,000 6 (15) 34 (85) Ref Ref
≥ 40,000 11 (73.3) 4 (26.7) 4.88 (1.80–13.21) 3.60 (1.01–1

Mean heart rate, bpm
<160 10 (22.7) 34 (77.3) Ref Ref
≥160 7 (63.6) 4 (36.4) 2.8 (1.38–5.66) 0.92 (0.25–3

Coinfection with RSV
No 8 (26.7) 22 (73.3) Ref. Ref.
Yes 5 (62.5) 3 (37.5) 2.34 (1.05–5.21) 1.67 (0.51–5

Data are expressed as n (%). CI= confidence interval, PICU=pediatric intensive care unit, Ref= referen
∗
not possible to calculate RR due to sample zeros.
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multiple organ dysfunction. Five of 6 patients (83%) who died
received inhaled nitric oxide for the treatment of pulmonary
hypertensive crisis compared with none who survived (P= .001).

3.3. Risk factors for PICU admission and death

The results of multiple log-binomial regression analyses showed
that leukocyte count ≥40,000/mm3 at hospital admission was an
independent risk factor for PICU admissionwhile mean heart rate
during hospitalization ≥160bpm was an independent risk factor
for death (Table 5).
Receiver-operating characteristic curves of leukocyte count at

hospital admission for the prediction of PICU admission and
death are shown in Fig. 2. A cut-off point of 41,200 leukocytes/
mm3 had a sensitivity of 64.7% and specificity of 89.5% to
predict PICU admission (area under the curve 0.75, 95% CI
0.59–0.90) and a sensitivity of 100% and specificity of 81.6% to
predict death (area under the curve 0.93, 95% CI 0.84–0.98).

3.4. Autopsy findings

Bronchopneumonia was found in all patients (n=6) and
necrotizing bronchiolitis was observed in 3 patients. Hyaline
membrane was seen in 4 cases, 3 of them had a coinfection with
ath.

R
Death Survival

Crude RR
(95%CI)

Adjusted
RR (95% CI)

0 (0) 26 (100) Ref Ref
6 (20.7) 23 (79.3) ∗ ∗

4 (13.8) 25 (86.2) Ref. Ref
2 (7.7) 24 (92.3) 0.56 (0.11–2.79) ∗

0 (0) 40 (100) Ref Ref
2.96) 6 (40) 9 (60) ∗ ∗

1 (2.3) 43 (97.7) Ref Ref
.37) 5 (45.5) 6 (54.5) 20.00 (2.59–154.25) 10.00 (1.08–92.59)

2 (6.7) 28 (93.3) Ref. Ref.
.46) 3 (37.5) 5 (62.5) 5.62 (1.12–28.15) 3.6 (0.58–22.15)

ce group, RR= relative risk, RSV= respiratory syncytial virus.



Figure 2. Receiver-operating characteristics (ROCs) curves of leukocyte count at hospital admission for prediction of pediatric intensive care unit admission (A) and
death (B).

Palvo et al. Medicine (2017) 96:48 www.md-journal.com
respiratory syncytial virus. Medial thickening of small pulmonary
arteries was observed in 4 of 5 patients who had pulmonary
hypertension. However, intravascular aggregates of leukocytes or
pulmonary thrombosis were not seen in any case. Additional
findings included pleural effusion (n=4), splenic white pulp
Figure 3. Immunohistochemical staining of Bordetella pertussis in type 1 pneumoc
epithelial cells (B; original magnification,�200). Immunohistochemical staining of re
periportal space (D; original magnification, �40), pancreatic acinar cells (E; origin

5

depletion (n=4), hepatic steatosis (n=4), renal vascular congestion
(n=2), and thymus cortical atrophy (n=2). Immunohistochemistry
identified B pertussis in lung tissue in 2 cases and kidney in 1 case.
Respiratory syncytial virus was detected in lung tissue in 3 cases,
pancreas in 2 cases, liver in 1 case, and brain in 1 case (Fig. 3).
ytes (A; original magnification, �400) and in the luminal surface of renal tubular
spiratory syncytial virus in type 1 pneumocytes (C; original magnification,�400),
al magnification, �200), and microglia cells (F; original magnification, �400).

http://www.md-journal.com


Palvo et al. Medicine (2017) 96:48 Medicine
4. Discussion

In this study, we report the clinicopathological characteristics of
55 children with severe pertussis admitted to a tertiary-care
university hospital in Brazil. We observed an increase in the
number of hospitalizations for pertussis over the study period,
which was more pronounced between 2012 and 2014. A
significant increase in hospitalizations for pertussis from 2007 to
2011 has been reported in Seville, Spain.[18] Also, an increase in
the number of PICU admissions for pertussis has been reported
between 2009 and 2013 in Australia and New Zealand.[3] In
Brazil, there was a marked increase in the number of reported
cases of pertussis from 2012 to 2014, with the highest number of
cases over the last 30 years being reported in 2014.[19] The
increase in the incidence of pertussis may be attributed to several
factors, including increased awareness of the disease, the cyclic
nature of pertussis, with peaks every 3 to 5 years, and widespread
use of PCR assays for laboratory confirmation.[20] This
laboratory technique, introduced in Brazil in 2009, allowed
improvement in laboratory diagnosis and triplicated laboratory
confirmation of pertussis.[21]

We found that increased heart rate and greater leukocyte count
at hospital admission were associated with need for PICU
admission and death. Leucocyte count at hospital admission was
higher than 40,000/mm3 in all patients who died. Moreover, a
cut-off point of 41,200 leukocytes/mm3 had a good predictive
ability for need for PICU admission and death. Furthermore,
leukocyte counts were significantly higher over the course of the
PICU stay in nonsurvivors compared with patients admitted to
the PICU who survived. In agreement with these results, higher
leukocyte count and increased heart rate have been associated
with disease severity and death in children with B pertussis
infection.[6–9,22] In addition, leukocyte counts greater than or
equal to 30,000/mm3 have been associated with a more severe
B pertussis infection[6] and a maximum leukocyte count greater
than 50,000/mm3 has been associated with an RR of death of
approximately 10.[7]

In our study, all patients who died were younger than 60 days
and none had received any dose of pertussis vaccine. Our data are
in accordance with previous studies showing that infants less than
2 months of age who were unvaccinated for pertussis had a more
severe disease and higher mortality.[3,8] We also found that a
coinfection with respiratory syncytial virus was more frequent
in patients who died compared with survivors (50% vs 10%;
P= .03). Indeed, there is evidence that a viral or bacterial
coinfection is associated with disease severity in children
hospitalized for pertussis.[8] In contrast with other studies
showing that prematurity was associated with a more severe
disease and higher mortality,[8,22] in our study, all patients with a
history of prematurity survived.
We observed that severity of illness assessed by PIM score at

PICU admission was similar in survivors and nonsurvivors.
However, patients who died had more organ dysfunction and
required higher doses of inotropes and vasopressors compared
with those who survived. In addition, 5 of 6 patients who died
received inhaled nitric oxide for the treatment of pulmonary
hypertension. It has been previously shown that the use of nitric
oxide is an independent predictor of death in children with
pertussis.[3,22] Although the association between need for nitric
oxide and death could be related to disease severity, experimental
studies have shown that pertussis toxin causes damage to
respiratory epithelial cells through the release of nitric oxide,
which has cytopathologic effects.[22,23]
6

The pathogenesis of pulmonary hypertension in infants with
pertussis is complex andmultifactorial. It has been proposed that,
in addition to the prominent muscular component of pulmonary
vessels and the highly reactive pulmonary vasculature during the
1st months of life, circulating leukocytes may form aggregates in
the lumen of small pulmonary vessels, that ultimately results
in pulmonary thrombosis and reduces pulmonary blood
flow.[6,11,22] In our study, intravascular aggregates of leukocytes
or pulmonary thrombosis were not observed in any case. A study
of 15 samples of respiratory tissue obtained at autopsy from
children who died of pertussis showed partially occlusive fibrin
thrombi in small pulmonary vessels in half of the samples.[11]

Nevertheless, the presence of definitive pulmonary thrombosis
has not been identified,[11,12] which suggests that physical
leucostasis is not the only factor involved in the development
of pulmonary hypertension in infants with pertussis.[12] In
addition, leukoreduction therapy has not conferred a survival
benefit in children with severe pertussis and pulmonary
hypertension.[6,7] Although all patients who died in our study
had refractory shock, no significant cardiac abnormalities were
found. On the contrary, previous autopsy studies of children who
died from pertussis have observed extensive myocardial necrosis
and subendocardial infarcts affecting both ventricles.[12,24]

Immunohistochemistry identified B pertussis and respiratory
syncytial virus in pulmonary and extra-pulmonary sites in our
study. Interestingly, B pertussis was shown in renal tissue in 1
case, which suggests that the bacterium or its antigens may reach
the bloodstream and disseminate to other organs by the
hematogenous route. Indeed, there is evidence of B pertussis
bacteremia in immunocompromised patients.[25]

Strategies to decrease the incidence of pertussis among themost
vulnerable nonimmunized infants include vaccination of preg-
nant women during the 3rd trimester of gestation. At the end of
this study (November 2014), the Brazilian Public Health System
introduced the tetanus-diphtheria-acellular pertussis (Tdap) for
pregnant women in the National Vaccination Calendar aiming at
decreasing the disease incidence and mortality.
The limitations of our study include its retrospective nature

and a relatively small sample size. As this is a single-center study,
generalizability of our data may be limited. The strengths of the
study are that we included only patients with laboratory
confirmed B pertussis infection, and we presented data from
complete autopsies of all patients who died over the study period.
In conclusion, marked leukocytosis at presentation was

associated with morbidity and mortality in children hospitalized
with pertussis. Implementation of preventive strategies is crucial
to diminish the incidence of the disease, especially in young
unimmunized infants.
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