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Human Parainfluenza virus (HPIV) causes lower respiratory tract infections (LRTI) mostly in young chil-
dren. Respiratory viral infections may decline T cells in circulation and display enhanced pathogenicity.
This study is aimed to analyze T cells alterations due to HPIV in children with LRTIs. Children (N = 152)
with bronchitis or pneumonia, admitted in tertiary care hospitals were included in the study. Respiratory
samples (throat or nasopharyngeal swabs) were taken and HPIV genotypes (1–4) were analyzed through
RT-PCR. Peripheral blood T cells, CD3+, CD4+, CD8+, and CD19+, were analyzed in confirmed HPIV positive
and healthy control group children through flow cytometry. The positivity rate of HPIV was 24.34% and
the most prevalent genotype was HPIV-3 (20.40%). HPIV-1 and HPIV-2 were detected in 0.66% and 02%
children respectively. The T lymphocyte counts were observed significantly reduced in children infected
with HPIV-3. CD4+ cell (1580 ± 97.87) counts did not change significantly but the lowest CD8+ T cell
counts (518.5 ± 74.00) were recorded. Similarly, CD3+ and CD19 cell ratios were also reduced. The
CD4/CD8 ratio was significantly higher (3.12 ± 0.59) in the study population as compared to the control
group (2.18 ± 0.654). Changes in the count of CD8+ T cells were more pronounced in patients with bron-
chiolitis and pneumonia. It is concluded that CD8+ T cells show a reduced response to HPIV-3 in children
with severe LRTIs suggesting a strong association of these cells with disease severity.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The lower respiratory tract infections (LRTIs) remain a persis-
tent health issue and a leading cause of hospitalization of about
11.9 million young children and mortality worldwide (Korsun
et al., 2019; McAllister et al., 2019). LRTIs are responsible for
6.8% of deaths in neonates, 20% of deaths in children aged
1–12 months, and 12% of deaths in children aged 1–4 years
(Sonawane et al., 2019). Common risk factors for LRTIs include
indoor air pollution exposure, poor nutrition, overcrowding, low
socioeconomic status, inadequate immunization, or premature
birth (Dagvadorj et al., 2016).

Human parainfluenza virus (HPIV) is one of the most common
pathogens associated with the serious and broad pathogenic spec-
trum of LRTI (Pawelczyk et al., 2017, Linster et al., 2018) such as
pneumonia, bronchitis, and bronchiolitis especially in the pedi-
atric, elder and immunocompromised host (Bose et al., 2019). HPIV
infection does not confer complete protective immunity due to a
lack of specific effective vaccines and recurrent infection reported
throughout life (Bose et al., 2019). HPIV is the most important
ubiquitous viral agent of the family Paramyxoviridae. There are four
distinct types (HPIV 1–4) of HPIV are circulated (Linster et al.,
2018; Bose et al., 2019).
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Immunologically immature and immunocompromised individ-
uals are more vulnerable to HPIVs and resulted in severe complica-
tions and disease. Usually, it has been taken that overwhelming
diseases in children are linked to impaired responses of T cells,
which are prerequisites to arbitrate viral clearance and ascertain
long-lasting protective immunological memory (Meissner, 2016).
The host T cells are being thoroughly studied in different respira-
tory viruses to find out the specific interaction of the virus with
host immune responses. Some respiratory viruses like respiratory
syncytial virus (RSV) has been reported with a decrease in circulat-
ing lymphocytes (Larranaga et al., 2009), while an increase in CD8+
T lymphocytes was observed in the child with severe adenovirus
pneumonia (Tomoyo et al., 2000). HPIVs are respiratory pathogens
responsible for serious infections of lower respiratory tract and as
tere are no antivirals or vaccines available, it may become a serious
health threat especially to children. Moreover, very little is known
about T cells’ responses to HPIV in association with LRTIs. So this
study is designed to analyze the peripheral blood T cells count in
HPIVs associated LRTIs in children.
Table 1
Baseline characteristics of the study population (N = 152).

Variables Frequency
N (%)

P-value

Age range (months) 24.01 –

Gender Male 93 (61.20) 0.007
Female 59 (38.81)

Hospitalization Ward 127 (83.55) 0.003
Post ICU 25 (16.44)
Hospital stay (mean days) 3.5

Signs Fever 98 (64.50) 0.006
Cough 63 (41.44)
Cough with phlegm 89 (58.55)
Difficult breathing 109 (71.70)

Clinical Complications Pneumonia 83 (54.60) 0.004
Bronchiolitis 69 (45.40)
2. Materials and methods

2.1. Study population

This was a cross-sectional study, designed for the diagnosis of
HPIVs as well as for quantitative analysis of immune cells of the
virus-positive patients and associated respiratory complications.
The study includes children up to 10 years of age (N = 152) admit-
ted to the pediatric wards or visited OPDs (outpatient department)
of tertiary care hospitals in Peshawar Khyber Pakhtunkhwa pro-
vince Pakistan. An inclusion criteria were setoff for the study pop-
ulation, such as; (i) children less than or up to 10 years of age (ii)
children with the sign or symptoms/infections of LRTI. A child
was thought to have LRTIs if they were showed the following signs
or symptoms such as fever, cough (cough with phlegm in severe
cases), sore throat, chest pain, dyspnea, panting, wheezing, or
pneumonia and the abnormal number of blood cells according to
clinical records. A control group (N = 20) with inclusion criteria,
(i) with the same age and gender, (ii) with no present history of
any clinical or virological or bacterial respiratory infections, were
also included.

An informed written and oral consent was obtained from the
parents/guardians’ of the study population at the time of sample
collection. Demographic (age, gender) and clinical data (sign/
symptoms of LRTIs, duration of infection, etc.) were collected
through prescribed questionnaires. The study protocol was
approved by the Ethical Committee, Centre of Biotechnology and
Microbiology University of Peshawar Khyber Pakhtunkhwa
Pakistan.

2.2. Sample collection

2.2.1. Respiratory specimens
Throat swab or nasopharyngeal swabs were collected with the

help of trained medical persons. A spatula was used to press the
tongue downward to the floor of the mouth and sterile cotton swab
stick was used to swab both the tonsillar arches and the posterior
nasopharynx. The samples were then transported in an appropriate
viral transport medium to the Molecular Virology Lab, Zoology
Department University of Peshawar Pakistan.

2.2.2. Blood
One mL venous blood was collected in sterile EDTA tubes after

confirmation of HPIV by PCR. The samples were kept in a cold chain
and transported to the laboratory within 1 h for T cells analysis.
2.3. HPIV detection and genotyping

HPIV RNA was extracted from diluted respiratory samples
through TRIzolTM reagent (ThermoFisher USA) according to the
suppliers’ instructions. One-step RT-PCR kit (ThermoFisher USA)
was carried out in a thermal cycler (MyCyclerTM Thermal Cycler Sys-
tem # 1709703) for single-step multiplex RT-PCR following the
protocol of Bellau-Pujol et al. (2005). Briefly, HPIV 1–3 were ampli-
fied with primers specific for Hemagglutinin and Neuraminidase
genes and HPIV4 with primers for Phosphoprotein gene, while pri-
mers to human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene were used as an internal control. The genotypes
were confirmed with Hemi-nested multiplex PCR. All the samples
were processed in duplicate. PCR amplified products were elec-
trophoresed in 2% agarose gel and specific cDNA bands were visu-
alized under UV transilluminator (Bio Rad 2000 #1708110EDU)
and compared with 100 bp DNA ladder were used.

2.4. Immunological studies

Blood samples were analyzed for T cells subsets, CD3+, CD4+,
CD8+, and CD19, through a flow cytometer (BD FACSCaliber
USA). Standard protocols and fluorescently labeled antibodies were
used for analysis. The cells counts were recorded as the number of
cells per microliter (cells/mL). Normal cells ratio from a healthy
control group for respective cells were used as standards for com-
parison of results. High blood count was recorded as cell count
above the high level of the normal range and the low count was
recorded as cells below the lower count of the normal range.

2.5. Data analysis

Demographic, clinical symptoms and age factor associated with
the prevalence of virus were evaluated using chi square test or
Fisher Exact test. Mean and the standard deviation was done for
continuous variables. To assess the difference between HPIV
patients and control group the unpaired t-test was used, and in
case of significant differences between standard deviations, a
non-parametric Mann Whitney U test was used for comparison.
A two-sided value of p < 0.05 was considered statistically
significant.
3. Results

3.1. Demographic and clinical characteristics of the study population

The demographic (age, gender, number) and clinical character-
istics (hospitalization, sign/symptoms, clinical complications) of
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patients are shown in Table 1. A total of 152 study population and
20 children as a control group were included in the study. The
mean age of study participants was 24.01 months. All the study
population was hospitalized either in pediatric wards or in post-
intensive care units (PICU). The mean duration of hospitalization
was 3.5 days, and the PICU admission rate was 16.44%. Fever,
cough, and dyspnea and panting were the main respiratory signs
observed in the study population. The main clinical complications
of the study population were pneumonia and bronchiolitis.
Table 2
Frequency of HPIVs in different age groups.

Age (months) N Positive cases

HPIV-1
N (%)

HPIV-2
N (%)

HPIV-3
N (%)

All ages 152 1(0.65) 3(2.0) 31(20.4)
<12 58 01(1.70) – 11(19.0)
12–24 51 – 3 (6.0) 16 (31.4)
25–60 25 – – 3 (12.0)
61–120 18 – – 1 (5.5)

Table 3
Analysis of blood cells in the study population.

Cells Patients (N = 20) Control (N = 20) P-value

Complete blood count
WBC 10.02 ± 0.1414 7.85 ± 2.700 0.003
RBC 3.693 ± 0.75 5.45 ± 1.39 0.000
HGB 9.41 ± 1.293 14.3 ± 2.17 0.000
Platelets 200.75 ± 93.89 300 ± 79.47 0.001
Neutrophil 76.15 ± 6.222 60.25 ± 12.08 0.000
Lymphocytes 50.28 ± 6.0811 40.75 ± 6.74 0.001

T cells count
CD3+ 2098.5 ± 127.5 2585 ± 386.99 0.003
CD4+ 1580 ± 97.87 1690 ± 55.25 0.000
CD8+ 518.5 ± 74.00 840 ± 246.3 0.001
CD19+ 1785 ± 462.5 2525 ± 405.0 0.000
CD4/CD8 ratio 3.12 ± 0.59 2.18 ± 0.654 0.000

Fig. 1. showing the values of CD4+, CD8+ and CD19+ (a) in patients with PIV-3 infection a
score.
3.2. Viral etiologies and clinical blood cells

Out of all 152 patients with LRTIs tested for HPIV, 37 (24.34%)
were found positive. HPIV-3 genotype showed the highest detec-
tion rate of 31 (20.40%), whereas the least one was HPIV-1
genotype-1 (0.66%) and HPIV-2 genotype (3, 2%). While the
HPIV-4 genotype was not detected in any sample. Two samples
(2%) were not amplified and considered untypable.

A high prevalence rate of HPIVs was observed in young children,
that is, HPIV-3 was (19%) in infants (<12 months) and this propor-
tion increased (31.4%) in young children (12–24 months). Although
this proportion decreases as age increases, that is, 12% (25–60) and
5.5% (61–120) in the older age group (Table 2), which shows an
association of infection by HPIV-3 with age factor. Cough
(41.44%) and fever (64.50%) were the common symptoms observed
in all three genotypes. But the ratio of cough with phlegm (58.55%)
was high which is an indication of pneumonia. Croup infection was
recorded in children with HPIV-1, while mild cold-like symptoms
were observed in the patient with HPIV-2.

Of the total HPIV positive patients, 17 refused for blood to be
analyzed for T cells and the rest 20 were all HPIV-3 infected chil-
dren. The clinical blood cell record of patients with HPIV-3 infec-
tion is shown in Table 3. An elevated number of WBCs,
lymphocytes, and neutrophils were observed in HPIV-3 infected
children. As these cells fight against pathogens so their high values
give a sign of infectious agents in the blood. While a slightly low
number of HGB levels and RBCs were observed in all the patients.

3.3. T cells count in the study population

All the patients (N = 20) showed a marked change in their T cell
subsets as compared to healthy control subjects. Lower count of
lymphocytes was recorded in infected patients as compared to
the control subject. CD4+ T cells show slight changes in infected
children (1580 ± 97.87) as compared to the control group
(1690 ± 53.85). A remarkable decrease was observed in CD8+ T
cells count (518.5 ± 74.00) in children infected with HPIV-3
(Table 3). Fig. 1 shows T cell differences in HPIV-3 infected and
nd (b) control group. Data are plotted as medians with the 25th and 75th percentile
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control group children. There were no significant differences noted
by gender or the lymphocyte subset counts in the study popula-
tion. Table 4 shows a comparison of T cells count in mild, moder-
ate, and severely ill patients. The results clearly showed the
variations, displaying the low count of CD8+ T cells in severe
patients. The immune cells from peripheral blood circulation of
HPIV-3 infected children through flow cytometry plots are shown
in Fig. 2.

4. Discussion

The occurrence and increase in recurrent infection frequency
are revealing the puzzling immune response to parainfluenza
viruses and thus the main obstacle in the development of an effec-
tive vaccine (Hall, 2001). The pathogenesis of HPIV is still being
explored (Henrickson, 2003), however reports showed that indi-
viduals with defective cell-mediated immunity tend to have a
more severe infection, suggested the main role of T cells in disease
(Parija and Marrie, 2019). It is supposed that CD4+ and CD8+
Table 4
Comparison of T cells count with disease severity (N = 20).

Disease N (%) Lymphocytes

Mild 3 (15) 3666.7 ± 577.3
Moderate 10 (50) 3200 ± 421.6
Severe 7 (35) 3071.4 ± 188.9

Fig. 2. Immune cells from peripheral blood circulation. Representative flow cytometry
population gated on CD3+ T cells.
T-cells count in respiratory viral infections may be a valuable set
of markers for recognition of respiratory viruses, their complica-
tions, and disease severity in young children (Schmidt and Verga,
2018). Cellular immunity are integrally linked during the initial
induction of immunity against pathogens, these can become dis-
connected with developing pathology. This loss of correlation
between T cells and neutralizing antibody responses varies accord-
ing to different viruses, suggesting that independent time course
measures of these separate immune responses are required over
time for adequate recording of biomarkers of natural infection
and vaccine efficacy or suggesting that T cell status may be most
crucial measure of conferred long-term immunity(Monette and
Mouland, 2019). The understanding of such immunological param-
eters in respiratory viral infections, clinical diagnostic models, and
disease understanding may be refined.

In this study, HPIVs were detected in 24.34% and the prevalent
genotype was HPIV-3 in the respiratory specimen of hospitalized
children mostly aged 1–2 years. Previously, low HPIV prevalence
(11.8%) was reported from Spain, but HPIV-3 was prevalent in
CD4+ CD8+

1650 ± 50 1200 ± 100
1530 ± 103.27 540 ± 337.30
1621.4 ± 69.86 200 ± 129.09

plots from a patient with PIV-3 infection. Values are the percentages of T cells



A. Gul et al. / Saudi Journal of Biological Sciences 27 (2020) 2847–2852 2851
hospitalized children, similar to the current study (Calvo et al.,
2011). Similar findings of HPIV-3 high prevalence were reported
in toddlers from the USA (Farichock et al., 2010), and Brazil
(Mariana et al., 2008) while in contrast HPIV-4 was found preva-
lent in Korea (Gu et al., 2020) and in USA it is exhibited in fall-
winter annually (Degroote et al., 2020). But in a study in Italy high-
est detection rate of HPIV-3 was reported in children aged
>6 months to �3 years (Conto et al., 2019). In the current study,
two samples did not amplify and were considered untypable,
which might be due to the emergence of any possible mutation
in the Hemi-nested primers target region or maybe also be attrib-
uted due handling.

WBCs and lymphocytes are responsible for immunity during
any infection and their elevation during HPIV-3 infections shows
that HPIV also strikes these cells. High WBCs and lymphocytes
levels were observed in HPIV-3 infected children. The high counts
of such immune cells were reported by some studies in children
with Adenovirus infection (Ruuskanen et al., 1985; Pulliam et al.,
2001). In another study, an elevated number of platelets were
found in children infected with various respiratory viruses (Kim
et al., 2016), which is in contrast to the current study findings.
Neutrophils, important immune cells, were found elevated in
HPIV-3 infected children of the current study. It is earlier suggested
that neutrophils become prominent in the airway and the periph-
eral blood during acute viral infection (Trigg et al., 1996; Grunberg
et al., 1997). Some studies showed that neutrophils are increased
in the lungs and blood after infection with pathogenic influenza
A virus in mice, humans, and ferrets (Watanabe et al., 2013; Long
et al., 2013; Zhu et al., 2013). The increased level of neutrophils
in the current study may be a sign of disease severity, as suggested
by some previous studies that during severe viral complications
like pneumonia an increase in the number of neutrophils is corre-
lated with disease severity (Calore et al., 2011; Fukuyama and
Kawaoka, 2011). These immune cells are important in viral infec-
tions as some studies suggested that the total neutrophil, lympho-
cyte counts can be used as markers of inflammation and infection
(Jager et al., 2012; Gurol et al., 2015).

The present study demonstrated the variation in the count of T
cells population in children with HPIV-3. The count of CD4+ T cells
does not change significantly as compared to the control group. But
there were significantly lower peripheral blood CD8+ T cells and
CD19+ cells count recorded in these hospitalized patients. Many
different respiratory viruses have also shown lower count of CD8
+ cells during the acute phase of infection. This study revealed
changes in T cells counts in children with HPIV-3 infection as pre-
viously the acquired immune cells were correlated with respira-
tory viruses as respiratory syncytial viruses (RSV). The current
study results of lower counts of circulating CD8+ T cells and
CD19+ cells in children with severe infection are coherent to that
of RSV (Larranaga et al., 2009). While few studies documented a
reduced number of T cells in influenza patients with severe pneu-
monia, whereas normal values of T cells were observed in moder-
ate and control group (Kim et al., 2011). Similarly, changes in T cell
subsets in bronchoalveolar lavage fluid during RSV infection was
associated with the severity of pathologic responses (Openshaw,
1995). The exact reason for the lower count of C8+ T cells in
peripheral blood to HPIV-3 infection is not clear yet. Although it
is considered that due to the severity of infection CD8+ cells get
exhausted leads to a low number of these cells in the blood or
the cells may be migrated to lungs from circulation during severe
infection. Although, some authors demonstrated in their studies
that respiratory virus infection in mouse models results in an
increase in the frequency and number of total and antigen-
specific CD8 T cells in the lungs and airways. RSV-specific CD8 T
cell responses typically reach peak numbers in the lung at approx-
imately day 8 following acute infection (Chang et al., 2001;
Knudson et al., 2014). While some authors suggested that acute
respiratory infection by human metapneumovirus, influenza, and
other viruses leads to CD8+ T cell functional impairment
(Erickson et al., 2012; Chang et al., 2002; Vallbracht et al., 2006;
DiNapoli et al., 2008). A case report study from Yamaguchi Univer-
sity hospital Japan showed increases in CD8+ T cells and HLA-DR
+CD8+ T cells in patients with adenovirus infection during the
acute stage (Tomoyo et al., 2000). These contradictory reports of
CD8+ T cells count in different respiratory viral infections may be
used as an important immunological marker for assessment of dis-
ease severity in individual viral infections.

5. Conclusion

The study concluded variation in the number of T cells popula-
tion during HPIV associate LRTIs in children. This might be an
important immunological and clinical diagnostic tool for the deter-
mination of viral infections in children.
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