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The known about this topic

Pertussis is a vaccine-preventable disease. The causative agent is Bordetella pertussis. It frequently leads to pneumonia in infants. It may cause

severe disease in unvaccinated infants.

Contribution of the study

Among patients admitted to intensive care unit, severe pertussis occurs more frequently in infants who are too young to be protected with
active immunization. Maternal immunization and the cocoon strategy may provide success to protect this age group. Severe pulmonary
hypertension on echocardiographic examination and presence of leukocytosis in laboratory tests are associated with poor prognosis.

Abstract

Aim: To evaluate the clinical characteristics, risk factors, and prognosis
of pertussis in the pediatric intensive care unit.

Material and Methods: Patients who were hospitalized in pediatric in-
tensive care unit between January 2017 and January 2019 and diagnosed
as having pertussis were retrospectively evaluated. Samples were taken
from tracheal aspirate material in intubated patients and nasopharyn-
geal swabs in the other patients. Samples for Bordetella pertussis were
studied using multiplex real-time polymerase chain reaction.

Results: Eighteen patients were admitted to our pediatric intensive care
unit with a diagnosis of pertussis. Ten patients were female (55.5%), and
all patients were unvaccinated. The median age was 40 (range, 38-47.5)
days and the median intensive care unit stay was 9 (range, 5-14) days.
All patients had respiratory distress, 14 patients had cough (77.7%), four
patients had fever (22.2%), and three patients had convulsions (16.6%).
Seven patients were intubated. Three patients died of multiple organ
failure and cardiogenic shock despite extracorporeal treatment. Respira-
tory syncytial virus was found in two patients and rhinovirus was found
in one patient. The median leukocyte count was significantly higher
in non-survivors than in survivors. Blood exchange was performed in
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Amag: Cocuk yogun bakim biriminde bogmaca tanisiyla izlenen has-

talarin klinik 6zelliklerini, risk etmenlerini ve seyri etkileyen etmenleri
degerlendirmeyi amagladik.

Gereg ve Yontemler: Cocuk yogun bakim birimimizde Ocak 2017-Ocak
2019 tarihleri arasinda yatan ve bogmaca tanisi alan hastalar geriye do-
niik olarak degerlendirildi. Ornekler entiibe olarak izlenen hastalarda
trakeal aspirat materyalinden, diger hastalarda nazofaringeal siiriintii-
den alindi. Bordetella pertussis i¢in érnekler multiplex real-time poli-
meraz zincir reaksiyonu yontemi ile ¢caligildi.

Bulgular: On sekiz hasta bogmaca tamisi ile ¢ocuk yogun bakim biri-
mimize yatirildi. Hastalarin 955,51 kizdi (n=10), tiim hastalar agisizd.
Ortanca yas 40 (38-47,5) giin, ortanca yogun bakim yatis stiresi 9 (5-14)
glindii. Bagvuru aninda hastalarin tiimiinde solunum sikintisi, 14 hasta-
da (%77,7) 6kstiriik, 4 hastada (%22.2) ates, 3 hastada (%16,6) konviilziyon
saptandi. Yedi hasta entiibe edilerek izlendi. Ug hasta ekstrakorporeal
tedavi yéntemleri uygulanmasina ragmen ¢oklu organ yetersizligi ve
kardiyojenik sok nedeniyle kaybedildi. Olen hastalarin ikisinde respi-
ratuar sinsityal viriis, birinde rhinoviriis ko-enfeksiyonu vardi. Toplam
lékosit sayilar1 karsilagtinldiginda 6len hasta grubunda lkosit sayist
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three patients due to hyperleukocytosis. Pulmonary hypertension was
the most common cardiac pathology detected in echocardiographic ex-
aminations.

Conclusion: We found that high leukocyte count, viral co-infection, and
severe pulmonary hypertension were associated with mortality and
morbidity in pertussis.

Keywords: Bordetella pertussis, cocooning strategy, extracorporeal
membrane oxygentaion, pediatric intensive care, Pertussis, pulmonary
hypertension, whooping cough
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yasayanlara gére belirgin oranda yiiksekti. Hiperlokositoz nedeniyle 3
hastaya tam kan degisimi yapildi. Ekokardiyografik inceleme ile en sik
saptanan kardiyak patoloji pulmoner hipertansiyondu.

Cikarimlar: Bogmaca tanisiyla yogun bakimda izlenen hastalarda yiiksek
lokosit sayisy, eslik eden viral enfeksiyon ve ciddi pulmoner hipertansi-
yonun mortalite ve morbidite ile iligkili oldugunu saptadik.

Anahtar sozciikler: Bogmaca, bordetella pertussis, cocuk yogun bakim,
ekstrakorporeal membran oksijenasyonu, koza stratejisi, 6ksiiriik, pul-
moner hipertansiyon

Introduction

Pertussis is an infectious disease caused by Bordetella
pertussis (B. pertussis), which is frequently observed in in-
fants, and it may lead to pneumonia, encephalopathy, ap-
nea, pulmonary hypertension, and mortality. Worldwide, it
ranks number five among the fatal but vaccine-preventable
diseases in children aged below 5 years, and continues to
be an important health problem. According to data of the
World Health Organization (WHO), 139 535 patients with
pertussis were reported worldwide in 2017 (1-3).

Pertussis causes severe disease especially in newborns
and unvaccinated infants. The clinical picture may have
a mild course or it may be manifested by respiratory fail-
ure, bronchopneumonia, and apnea attacks. Severe cases
accompanied by pulmonary hypertension, cardiogenic
shock, and hyperleukocytosis are defined as malignant
pertussis. In these patients, the mortality rate is high de-
spite supportive treatment (4).

In clinically suspicious patients, the definite diagnosis is
made by examination of nasopharyngeal swab specimens
or tracheal aspirate specimens through culture or with
polymerase chain reaction (PCR). Culture is considerably
specific, but its sensitivity varies depending on the presence
of sufficent material, inappropriate transport, and previous
antibiotic use. Examination with PCR is considered the gold
standard because it provides definite and rapid diagnosis.

In this study, we aimed to retrospectively evaluate pa-
tients who were followed up in our pediatric intensive
care unit (PICU) with a diagnosis of pertussis, to inves-
tigate the clinical charcteristics and risk factors, and to
specify the factors influencing the prognosis.

Material and Methods

Eighteen patients who were followed up in the PICU be-
tween January 2017 and January 2019 and diagnosed as
having pertussis were included in the study; the patients
were evaluated retrospectively. Our study was conducted
in accordance with the Declaration of Helsinki. Approval
was obtained from Acibadem Mehmet Aydinlar Univer-
sity Ethics Committee (2019-10/13).

Tracheal aspirate samples were obtained in the intubated
patients who were followed up and nasopharyngeal swab
specimens were obtained in the other patients. The sam-
ples were obtained by physicians or nurses who took
preventive precautions (mask, sterile apron, protective
glasses and gloves) and the transport boxes were kept
open only during the time of sampling. In all patients, B.
pertussis was found to be positive with PCR in nasopha-
ryngeal swab specimens or tracheal aspirate material.

The patients’ demographic properties, history of contact,
vaccination status, duration of stay in the PICU, respira-
tory support and its duration, vital findings, use of in-
haled nitric oxide, whole blood exchange, extracorporal
supportive therapies, vasoactive inotropic score, Pediatric
Risk of Mortality (PRISM) scores, and total leukocyte and
lymphocyte counts were recorded.

A diagnosis of pneumonia was made with clinical eval-
uation and presence of pulmonary consolidation and
parenchymal opacity. All patients were evaluated by a pe-
diatric cardiologist with echocardiographic examinations.

Statistical Analysis

The SPSS software was used for the analysis of data. Me-
dian and minimum-maximum values were used for the
descriptive data, and the Mann-Whitney U test was used
for the comparison of continuous inter-group values. A p
value of <0.05 was considered significant.

Results

In the two-year study period, a diagnosis of pertussis
was made in 18 patients. The median age was 40 (range,
38-47.5) days, and 94.4% of the patients (n=17) were aged
below 2 months; nine of these patients were aged below
6 weeks. Only one patient was aged 6 months. Ten (55.5%)
patients (n=10) were female. All patients, their parents, and
individuals living in the same house were unvaccinated.

All patients had respiratory distress at the time of presen-
tation. Cough was found in 14 patients (77.7%). The median
duration of cough before presentation to hospital was found
as 4 (range, 2-9) days. Four patients had fever (22.2%), three
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Table 1. Demographic and clinical properties

Median (IQR) or n (%)

Age (days) 40 (38-47.5)
Sex (female/male) 10/8 (55.6/44.4)
Duration of cough (days) 4 (2-9)
Presence of viral co-infection 4(22.2%)
Use of invasive

mechanical ventilation 7 (38.8%)
Use of non-invasive

mechanical ventilation 3(16.6%)
Use of high-flow oxygen treatment 5(27.7%)
Duration of hospitalization

in intensive care unit (days) 9 (5-14)

IQR: Interquartile range

had convulsions (16.6%), and six patients had difficulty in
feeding. There was no morbidity in the patients’ personal
medical histories. Macrolid group antibiotic treatment was
initiated in all patients. B. pertussis was detected using PCR
in nasopharyngeal secretion samples in 12 patients and in
tracheal aspirate samples in six patients.

Fifteen patients needed respiratory support during hos-
pitalizationn in the PICU (83.3%). Mechanical ventilation
was performed in seven patients, non-invasive mechan-
ical ventilation was administered in three patients, and
high-flow nasal oxygen treatment was given in five pa-
tients (Table 1). The duration of mechanical ventilation
was 8.8 days (range, 4-21 days). Five patients needed va-
soactive-inotropic medications. Nitric oxide and sildenafil
were administered to four patients and sildenafil alone
was administered to three patients because of pulmonary
hypertension. Hydrocortisone treatment was initiated in
four patients with a diagnosis of catecholamine-resistant
shock. Whole blood exchange was performed in three pa-
tients because of hyperleukocytosis.
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Lung radiography revealed pneumonic infiltration and
consolidation in 13 patients (72.2%) and pneumothorax
in two patients. Chest tubes were placed in patients who
were found to have pneumothorax.

Viral co-infection was found in four patients [respiratory
syncytial virus (RSV) in two patients and rhinovirus (RV) in
two patients]. In these patients, the need for mechanical
ventilation and mortality rates were found to be higher
compared with patients who were B. pertussis-positive
only (n=14).

When the total leukocyte values at the time of admission
to the PICU were evauated, the total leukocyte count in
the patient group who died (median 37 100/mm?, IQR 28
730-50 180/mm?®) was higher compared with the patients
who survived (median 11 630/mm’, IQR 8660-19 425/mm?)
(p=0.005). When the highest values obtained during hos-
pitalization were evaluated, the total leukocyte count in
the patient group who died (median 64 970/mm’, IQR 50
180-76 280/mm?) was again higher compared with the pa-
tients who survived (15 200/mm’, IQR 11 785-21 750/mm?®)
(p<0.001). The lymphocyte count was higher in patients
who died (median 35 800/mm’, IQR 26 200-44 200/mm?)
compared with patients who survived (median 9 940/
mm’, IQR 4515-16 000/mm?®) (p=0.005) (Table 2).

Three patients died of multi-organ failure, catecholamine-
resistant cardiogenic shock, and severe pulmonary hyper-
tension. Sildenafil, inhaled nitric oxide, and supportive
treatment with veno-arterial extracorporal membrane
oxygenation (VA ECMO) were administered to these pa-
tients. Comorbid viral infection was present in all three
patients who died (2 RSV, 1 RV).

Discussion

Pertussis is a disease that can be prevented by immuniza-
tion, and the most important way for protection is active

Table 2. Comparison of the patients who did and did not survive

Total (n=18) Survivor (n=15) Lost (n=3) p
Median (IQR) Median (IQR) Median (IQR)
Age (days) 40 (38-47.5) 40 (37.25-51.25) 45 (38-45) 0.911
Female/male 10/8 87 21 0.407*
Total leukocyte count (at the time
of hospital admission)/mm?® 12365 (9505-28132) 11630 (8660-19425) 37100 (28730-50180)  0.005°
Total leukocyte count (maximum)/mm?® 18085 (11987-47720 15200 (11785-21750) 64970 (50180-76280)  <0.001*
Lymphocyte count (at the time of
hospital admission)/mm? 8015 (3412-20175) 4920 (2835-14750) 26200 (17500-28000)  0.005*
Lymphocyte count (maximum)/mm? 10975 (4685-29800) 9940 (4515-16000) 35800 (26200-44200)  0.005*
Viral co-infection 4 1 3 0.952°

IQR: Interquartile range; a: Mann Whitney U test; b: Ki-kare test
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immunization by way of vaccination. Vaccination at an
early age is important because the mortality is high in
infants (5). In our country, pertussis vaccine has been in-
cluded in the Ministry of Health’s vaccination schedule
since 2009 as acellular vaccine and is given a total of four
times at the 274, 4% 6%, and 18-24" months (rapel dose)
as DaBT-IPA-Hib (diphteria, acellular pertussis, tetanus,
inactive polio, Haemophilus influenzae type b vaccine/
pentavalent combination vaccine) (6).

Unvaccinated infants below the age of 6 weeks constitute
41.8% of patients who are hospitalized in PICUs because
of pertussis, partially vaccinated infants aged between 6
weeks and 6 months constitute 46.7%, and fully vacci-
nated infants aged over 6 months constitute 11.5% (7, 8). In
a study conducted in the United Kingdom, it was shown
that vaccination of babies at the time of birth induced
antibody response and contributed to protection against
pertussis in patients aged under 6 months. In addition,
maternal vaccination provides nearly 91% protection in
children aged below 2 months (8-11). In 2011, the United
Kingdom National Vaccination Program recommended
that the first dose of pertussis vaccine should be given at
the 6 week to provide early protection. At the end of 2011,
the first dose of pertussis vaccine was applied in 50-70%
of children aged between 6 and 8 weeks in some states of
the United States of America, and it was shown that hos-
pitalizations because of pertussis decreased by 10% (12).
All these studies emphasize the importance of vaccina-
tion in preventing pertussis and protecting infants.

In our study, the median duration of cough was 4 (range,
2-9) days before presenting to hospital. This finding was
similar to the findings of other studies (13-15). Pertussis
may also be manifested by apnea and convulsions in in-
fants (16). Although it has been reported that convulsions
increase mortality and morbidity, convulsions were found
in only two of our patients at the time of presentation and
these convulsions could be easly controlled.

Severe inflammation is not observed during the natural
course of pertussis unless bacterial or viral secondary
infection is added to the picture. Therefore, fever may
not be observed in patients, and this leads to a delay in
presentation to hospital. In our study, 22.2% of patients
(n=4) had fever and viral infection accompanied in three
of these patients. The frequency of fever was similar to
the literature (17, 18).

Studies conducted in our country have reported that the
main source of pertussis for infants younger than one
year was family members close to the infant (>55%) (5). It
was found that pertussis was transmitted to children aged
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below one year from their mothers with a rate of 42.8%
(19). As a response to increasing pertussis reports across
Turkey, the cocoon vaccination strategy was initiated. The
cocoon strategy involves vaccination of all individuals
who are in close contanct with the newborn who is vul-
nerable to infectious agents (20). In this way, the newborn
is put under protection, because all individuals around
have been vaccinated against the infectious agent (20,
21). In our study, all patients were unvaccinated because
17 patients were aged below 2 months and the family of
one patient refused vaccination, and vaccination com-
patible with the cocoon strategy was not given to family
members. In addition, all patients who were aged below
2 months had a history of being present in crowded en-
vironments approximately 5-7 days before the symptoms.
This supports literature that emphasizes the protective-
ness of the vaccine against pertussis and the importance
of the cocoon strategy (1-3, 22-24).

In our study, three patients (16.6%) died of multi-organ
failure and cardiogenic shock. Respiratory syncytial virus
or RV was positive and severe pulmonary hypertension
was found on echocardiographic examination in all these
patients. The mortality rate was similar to other studies.
In a study conducted in 2017, B. pertussis PCR was found
to be positive in 11 of 301 infants who needed hospitaliza-
tion in the PICU because of acute respiratory failure and
18% of these patients died. In contrast to our patients, co-
infection was not found in these patients and the highest
leukocyte count at the time of presentation was found to
be 23 000/mm?® (25). In a study conducted in Brazil be-
tween 2008 and 2014, 55 patients were admitted to hospi-
tal with a diagnosis of laboratory-confirmed B. pertussis,
17 patients (30.9%) needed intensive care and six patients
(10.9%) died (26). All patients who died were aged below
2 months and unvaccinated, and RSV was found to be
positive in three patients. In addition, the total leukocyte
count was found as 55 250/mm?® in patients who died and
severe pulmonary hypertension unresponsive to nitric
oxide tratment was found in five of these patients. In our
study, comorbid viral infection was present in four pa-
tients (2 RSV, 2 RV). Two patients who were found to be
respiratory syncytial virus positive and one patient who
was RV positive died. In the patient group that died, co-
morbid RSV infection was found with a higher rate. With
these results, we argue that comorbid viral or bacterial in-
fection influences prognosis in children hospitalized with
a diagnosis of pertussis (1).

High leukocyte and lymphocyte counts are associated
with mortality and need for intensive care. Similar to
our results, Guinto-Ocampo et al. (27) showed that a high
lymphocyte count was predictive for poor prognosis in
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patients with pertussis aged less than one year. In a study
conducted by Murray et al. (28), it was found that a high
leukocyte count was associated with an increased need
for mechanical ventilation, severe pulmonary hyperten-
sion, and mortality in patients hospitalized with a diag-
nosis of pertussis. All these results show that increased
leukocyte count (>30 000/mm’) in children with B. per-
tussis infection is associated with disease severity and
mortality (28, 29).

In pertussis, the pathogenesis of pulmonary hypertension
is complex and multi-factorial. Hyperleukocytosis leads to
irreversible pulmonary hypertension because of leukocyte
aggregates in the pulmonary artery, pulmonary vein, and
lymphatic channels. Therefore, reducing the leukocyte
count by blood exchange and leukopheresis decreases
mortality (16, 28). In our study, we found pathologic find-
ings on echocardiographic examinations in four patients.
Three patients had severe pulmonary hypertension and
one patient had mild pulmonary hypertension. Right heart
failure findings accompanied in two of the patients who
had severe pulmonary hypertension. Sildenafil and in-
haled nitric oxide were administered to three patients and
only sildenafil was administered to one patient. Support-
ive treatment with VA ECMO was administered in three
patients because of multi-organ failure, catecholamine-
resistant cardiogenic shock and severe pulmonary hyper-
tension. However, all three patients died.

ECMO has been used in patients with pertussis with mul-
ti-organ failure and severe pulmonary hypertension for
many years (30-32). However, mortality is considerably
high in infants who undego ECMO because of pertussis
(70%). This rate increases up to 84% in infants aged below
6 weeks (18, 33). In our study, three patients who received
ECMO supportive treatment died of multi-organ failure
and resistant cardiogenic shock.

The limitation of our study was that it was a single-cen-
ter and retrospective study. A higher number of patients
is needed to generalize the results. However, the strong
aspect of our study was the fact that the diagnosis of per-
tussis was confirmed by the laboratory with B. pertussis
PCR positivity in all patients.

Conclusion

Infants who are too young to be protected by active im-
munization are more frequently admitted to PICUs with
severe pertussis. Maternal immunization and the cocoon
strategy may provide success in protecting this age group.
In addition, increased leukocyte and lymphocyte counts
at the time of presentation and during hospitalization,
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and accompanying secondary infection and severe pul-
monary hypertension, are associated with increased mor-
tality and morbidity.
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