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Abstract Human parainfluenza virus type 1 (HPIV-1), a

paramyxovirus, is a leading cause of pediatric respiratory

hospitalizations globally. Currently, there is no clinically

successful vaccine against HPIV-1. Hence, there is a need

to characterize circulating strains of this virus to establish

the feasibility of developing a vaccine against the virus.

The variable HPIV-1 hemagglutin–neuraminidase (HN)

protein is found in the envelope of HPIV-1, where it ini-

tiates the infection process by binding to cellular receptors.

HN is also the major antigen against which the human

immune response is directed against. The present study

focused on identifying mutations in the HN gene that

would be useful in understanding the evolution of HPIV-1.

21 HPIV-1 isolates were obtained after screening naso-

pharyngeal samples from patients with influenza-like ill-

ness. The samples were collected from Mbagathi District

Hospital Nairobi from the period July 2007 to December

2010. RT-PCR was carried out on the isolates using HN-

specific primers to amplify a 360 nt in the most polymor-

phic region and the amplicons sequenced. Genomic data

were analysed using a suite of bioinformatic software.

Forty eight polymorphic sites with a total of 55 mutations

were identified at the nucleotide level and 47 mutations at

23 positions at the amino acid level. There was more

radical nonsynonymous amino acid changes (seven posi-

tions) observed than conservative nonsynonymous changes

(one position) on the HN gene fragment. No positively

selected sites were found in the HN protein. The result

from the analysis of 21 HPIV-1 Mbagathi isolates dem-

onstrated that the HN gene which is the major antigenic

target was under purifying (negative) selection displaying

evolutionary stasis.

Keywords HPIV-1 � HN gene � Kenya � Population

genetics

Background

Human parainfluenza viruses (HPIVs) are enveloped, non-

segmented, single-stranded, negative-sense RNA viruses

belonging to the family Paramyxoviridae. HPIV-1 is a major

cause of lower respiratory infections in infants, young chil-

dren, the immunocompromised, the chronically ill, and the

elderly [19]. HPIV-1 is responsible for approximately 6 % of

pediatric respiratory tract disease [13]. It has worldwide
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distribution and probably contributes significantly to child-

hood mortality in the developing world [9]. In Kenya, acute

respiratory infection (ARI) accounts for 20 % of hospital

admissions and more than half of these are children under

5 years of age [23]. In attempts to prevent infection with

HPIV-1, different vaccine strategies have been employed.

These include use of killed viruses [8], attenuated viruses

[27], virus subunits [3], virus recombinants [10], and Jen-

nerian vaccines [20]. Clinical trials initiated with the several

different vaccine candidates have each demonstrated some

promise [5, 27, 28], to date no vaccines have yet been suc-

cessfully clinically proven. There is therefore need to char-

acterize the circulating strains of this virus in order to

establish the feasibility of developing a viable vaccine

against the virus.

The variable HPIV-1 hemagglutin–neuraminidase (HN)

protein responsible for initiating the infection process by

binding to cellular receptors, is found on the surface of

HPIV-1 virion. The present study focused on identifying

mutations in the antigenically important HN gene that

would be useful in understanding evolution of HPIV-1,

hence feasibility of developing HN-targeting vaccines.

Results

Viral cell culture

Amongst the 25 HPIV-1 cultured isolates, 15 of them

showed CPE after incubation for between 7 and 10 days.

Immunofluorescence assay

Of the 25 cultures screened for HPIV-1 by IFA, 21 tested

positive as shown by the apple-green fluorescence among

infected cells.

RT rt PCR

Fifteen isolates which showed CPE upon inoculation in

LLCMK2 cells and were positive on IFA displayed low

(CT) values ranging from 22 to 28. The above results are

summarised in Table 1.

RT PCR

A DNA fragment of 360 bp was obtained by PCR with the

reference C35 strain. The 21 test cases of the HPIV-1

results were consistent with those obtained in RTrtPCR and

generated the expected 360-bp band.

Nucleotide sequence polymorphism

Forty-eight variable (polymorphic) sites with a total of 55

mutations were identified when the sequences were ana-

lyzed together. In addition, 11 synonymous changes were

observed at positions 7305, 7356, 7362, 7422, 7437, 7479,

7740, 7506, 7509, 7512, and 7521 (using the Washington

1964 HPIV-1 reference strain numbering). Finally, 36

replacement changes (single nucleotide polymorphism)

were observed at positions 7256, 7259, 7260, 7261,

7265,7265, 7279, 7291,7295, 7298, 7299, 7311, 7315,

7316, 7316, 7320, 7328, 7328, 7345, 7349, 7384, 7390,

7391, 7393, 7418, 7420, 7454, 7459, 7470, 7486, 7493,

7499, 7509, 7510, 7511, and 7513 (Fig. 1).

Table 1 Usage of real time RT-PCR, CPE, and IFA diagnostic

assays for the detection of HPIV-1 in culture

Isolate name CT value Presence of CPE? IFA

MBG/07/06/01 27 YES ?

MBG/07/07/02 24 YES ?

MBG/07/08/03 26 YES ?

MBG/08/03/04 UNDET NO -

MBG/08/04/05 38 NO ?

MBG/08/04/06 40 NO ?

MBG/08/04/07 UNDET NO -

MBG/08/04/08 38 NO ?

MBG/08/04/09 26 YES ?

MBG/08/06/10 22 YES ?

MBG/08/09/11 37 NO ?

MBG/08/10/12 24 YES ?

MBG/08/10/13 25 YES ?

MBG/08/10/14 25 YES ?

MBG/08/10/15 25 YES ?

MBG/08/11/16 28 YES ?

MBG/09/09/17 24 YES ?

MBG/09/12/18 34 NO ?

MBG/10/01/19 28 YES ?

MBG/10/02/20 26 YES ?

MBG/10/03/21 40 NO ?

MBG/10/05/22 27 YES ?

MBG/10/05/23 27 YES ?

MBG/10/06/24 UNDET NO -

MBG/10/09/25 UNDET NO -

C35 (positive control) 20 YES ?

Negative control UNDET NO -

The CT values represent the extent of positivity using the real-time

RT-PCR assay. ‘‘UNDET’’ represents a absence of virus where us the

numbers reflect inverse viral titres. Presence of virus using the CPE

assay is shown by a ‘‘YES’’ and absence by ‘‘NO’’. Presence of virus

in culture by IFA is denoted by ‘‘?’’ and absence of virus is denoted

by ‘‘-’’
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Amino acid sequence substitutions amongst

the Mbagathi virus isolates compared to reference

strains

The portion (position 118–205) of the HN protein analyzed

consisted of 89 amino acids (according to the Washington

1964 HPIV-1 reference strain numbering). This protein

region corresponds to the DNA region whose nucleotide

sequences had been determined. There were 47 mutations

in 23 positions on the HN protein.

Codon-based test of neutrality for analysis

between sequences

The probability of dN \ dS was\1 (dN \ dS \ 1). Values

of P \ 0.05 are considered significant at the 5 % level. The

Fig. 1 Nucleotide alignment of HPIV1 HN region from 7254 to 7521

of 21 HPIV-1 Mbagathi isolates. A fragment of HN gene ranging

from nucleotide 7254 to 7521 from 21 Mbagathi isolates, 6 reference

strains, C35 positive control were aligned. Each logo consists of

stacks of symbols, one stack for each position in the sequence. The

overall height of the stack indicates the sequence conservation at that

position, while the height of symbols within the stack indicates the

relative frequency of each nucleic acid at that position. The

polymorphisms visualization was done using seqlogo
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variance of the difference was computed using the bootstrap

method (500 replicates). Analyses were conducted using the

Nei and Gojobori method [21]. Using Kumar’s method [15],

it was observed that dS = 0.1230 and dN = 0.0890; and

hence, u = dN/dS = 0.0890/0.1230 = 0.7235

Radical and conservative nonsynonymous substitutions

Radical synonymous substitutions were observed at seven

codons at positions 127 (E–K), 131 (N–H), 120 (R–S), 137

(Q–H), 162 (C–R), 194 (R–S), and 195 (R–T) (Table 2). A

single conservative nonsynonymous substitution was

observed at codon 140 (E–D).

Tajima’s test of HPIV-1 HN

The overall value of Tajima’s D for the HN gene is neg-

ative (-1.87251); statistical significance, P \ 0.05; Fu and

Li’s D* test statistic: -2.61989; statistical significance:

* P \ 0.05; Fu and Li’s F* test statistic: -2.79312; sta-

tistical significance: * P \ 0.05.

Transition/transversion ratio

Looking at the field isolates, the average nucleotide fre-

quencies were: T (24.9 %), C (25 %), A (32.5 %), and G

(17.6 %). It was observed that out of the 55 mutations, 25

(45 %) lead to A–G [11], C–T [15] transitions versus 30

(55 %) A–C [9], A–T [10], G–C [4], G–T [7] transversions.

Using Kimura-2 parameters, the ratio of transition/trans-

version (ti/tv) was computed. Transversions were slightly

more than the transitions.

Evolutionary tree HPIV-1 isolates

All the reference strains clustered together under one main

branch with 67 % posterior probability, and further divided

into two distinct branches. MBG 07/06/01 was on a sepa-

rate branch from the rest of the isolates though all shared a

common ancestor. In addition, MBG07/06/01 had 11

unique nucleotide substitutions that were specific to it only,

while the rest of the isolates and reference strains had the

same nucleotide at the respective positions. Most of the

2007–2008 isolates clustered together on a separate branch.

Similar, the 2009–2010 isolates clustered together on

another separate branch (Fig. 2). There were four distinct

branches that were formed by corresponding amino acid

sequences. As in the nucleotide clustering, the reference

strains clustered on the same branch. However, M86786.1

clustered with C35 strain and MBG 07/07/02. MBG07/06/

01 which was also on a separate branch in the nucleic acid

tree clustered with MBG081014, MBG 080610, and MBG

070601 (Fig. 3).

Molecular evolution rate

The evolutionary rate was determined by use of an Evo-

lutionary Calculator in DNAsp and was found to be

1.12 9 10-3 substitutions/site/year.

Discussion

This study confirmed Niesters’ observations that the pres-

ence of HPIV-1 in a patient specimen (NP swab) can be

detected by viral isolation in cultured LLC-MK2 with a

time lag of 7–10 days and molecular (PCR) tests [22].

Viral load of a specimen is directly proportional to how

quickly CPE develops in inoculated cultures of a suscep-

tible cell line [31]. Whereas majority of patient specimens

analyzed showed CPE’s between days 7 and 10 and were

later confirmed to have the virus using serology (IFA) and

molecular (PCR) assays, some specimens that did not show

any CPE upon inoculation in cell culture but indicated the

presence of virus using the PCR assay.

The PCR assay detected virus in all the 25 isolates.

However, using IFA, 21 of the 25 isolates were reported as

containing HPIV-1. The failure of IFA to detect HPIV-1

virus in the 4 out of the 25 samples could be due to a low viral

load or the presence of non-infectious virions in the speci-

men, which may have resulted from insufficient specimen or

inappropriate transport or storage conditions (i.e., specimens

were kept for extended period at room temperature or higher)

consistent with the previous reports [7].

Another possibility is that the immunofluorescence

assay to detect antigens has been associated with the sen-

sitivity problems when the viral load is low [4].

Similar to the RT-PCR and IFA results, the 21 isolates

stated above were also positive using the qRT-PCR assay.

These observations validated the sensitivity and specificity

of the IFA and RT-PCR assays, since qRT-PCR technique

is the most sensitive technique for identifying the target

Table 2 Nonsynonymous radical substitutions at seven codon posi-

tions showed nonsynonymous radical substitutions

Codon position Non-synonymous

radical substitutions

127 E–K

131 N–H

120 R–S

137 Q–H

162 C–R

194 R–S

195 R–T
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pathogens [30]. However, disparate isolates gave different

CT values. The lowest CT value was 24 while the highest

was 39. The high CT values were indicative of low viral

load of HPIV-1 in the sample isolates. This is supported by

observations by Wan [32], who found a linear relationship

between the copy number/viral particles present in the

sample, and the CT values on the chromatogram. CT values

have been used to estimate the viral load in a sample [1]

with an inverse relationship, whereby high CT values rep-

resent a low viral load, while a low CT value show a high

viral load.

When rt RT-PCR was performed on the nine samples

that yielded virus when inoculated into culture, the mean

CT value was 25.6, whereas amongst the 12 that did not

yield virus in culture, all had undetermined (ut) CT value.

These findings mirrored a similar study [2] that observed

CT values ranging from 27 to 42 amongst nasopharyngeal

samples considered positive only by real-time PCR versus

CT values ranging from 18 to 22 for culture positive

samples. The undetermined (ut) results may have been due

to the degradation of viral RNA in the samples arising from

multiple freeze–thaw cycles between the initial isolation of

the HPIV and the RT-PCR procedures [6].

The present HPIV-1 isolates showed an overall high

level of nucleotide sequence identity (94–98 %) of this HN

amplified region. This result suggests that several lineages

of highly conserved HN HPIV-1 were prevalent in the

Mbagathi isolates. This is in line with the study findings of

Fig. 2 Phylogenetic topology of MBG HPIV-1 HN gene using Mega 4. 0.06 nucleotide substitution/site. A topology tree prepared in MEGA4

and compared to type strains obtained from GenBank. The length of the horizontal bar is proportional to the number of nucleotide substitutions

Fig. 3 Phylogenetic topology for MBG HPIV-1 HN amino acid sequences. 0.07aa substitution/site. Length of horizontal bar is proportional to

the number of nucleotide substitutions
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Mizuta et al. [17], who found that the HN gene is highly

conserved in HPIV-1. In the current study, the evident low

polymorphism in HN gene can be attributed to both the

factors, i.e., the short length (267 bp) of the region of the

gene analyze and small sample size of 25.

A ti/tv of 0.8 means that there was a bias toward tran-

sition substitutions in this region of HN gene. Transition

versus transversion bias has been shown to result from the

relatively high rate of mutation of methylated cytosines to

thymine [14]. In general, it is assumed that there is a uni-

versal bias in favor of transitions over transversions due to

the underlying chemistry of mutation. Saturation of tran-

sitions at high levels of genetic divergence is commonly

believed to explain the bias toward transition [18].

In this study, several tests of neutrality were applied to

ascertain each other. Analysis of selection pressure in the

isolates showed that dS substitutions predominated over dN

substitutions, and no positively selected sites (substitution)

were found in HN protein. This implied that the amino acid

change was deleterious, purifying selection thus reducing

its fixation rate, therefore u\ 1 [33]. Similar results were

obtained by Mizuta et al. [17], who carried out a selection

pressure analysis of HN gene HPIV-1 in Japan, and

obtained a low dN/dS ratio of 0.17. It is also possible that

this could result in stabilizing selection through the purging

of deleterious variations that arise [11].

It was evident that all the 21 samples shared a common

ancestor since they all were monophyletic. The nucleotide

sequence tree suggests that the immediate ancestor for each

of the two main branches further evolved into the variants

within each main branch. The ladder-like phylogeny

demonstrated by these trees suggests that the evolution of

HPIV-1 is occurring with HN maintaining its function, and

may be useful in predicting the emergence of antigenic

variants of HPIV-1 circulating in the region.

The rate of molecular evolution (11.2 9 10-4 substitu-

tions/site/year) was comparable to that obtained in another

HPIV-1 genome study carried out in Japan [17] that found

the rate to be 7.68 9 10-4 substitutions/site/year. MBG

07/06/01 seemed to evolve at a different rate than the rest of

the isolates demonstrated by the distinct branching pattern

and the unique substitutions shown in both the nucleotide and

amino acid phylogenetic trees. It is possible that the genome

properties other than size, such as polarity or structure, may

be associated with substitutions of the viral genome [25].

Conclusions

The result from the analysis of 21 HPIV-1 Mbagathi iso-

lates isolated in 2007–2010 demonstrated that their HN

gene which is the major antigenic target was under puri-

fying (negative) selection displaying evolutionary stasis.

Overall, these results suggest that the HPIV-1 is antigeni-

cally and genetically stable, and therefore, amenable to

easy vaccine targeting.

Methods

Study design and population

This study was a retrospective study carried out at the

KEMRI-National Influenza Center. The study utilized 25

positive screened HPIV-1 isolates collected from infants

aged 6–36 months attending Mbagathi District Hospital

Nairobi from the period July 2007 to December 2010,

which had been previously detected by cell culture and

direct immunofluorescence. A prototype strain of HPIV-1

(strain C35) was obtained from the Centers for Disease

Control and Prevention collection, Atlanta, GA, USA.

HPIV-1 isolation

Human parainfluenza virus type 1 viruses were amplified and

isolated by inoculating patient samples in passage LLC-MK2

cells (T75 flasks containing approximately 1.1 9 106 cells/

ml and 1.1 9 107/flask). LLC-MK2 (ATCC CCL7.1) cells

were grown in T75 flasks (Corning, NY, USA) with DMEM

(Sigma-Aldrich Co Ltd, UK), supplemented with 10 % heat

inactivated fetal bovine serum [12] in a CO2 incubator—

Thermoscientific model BBD 62220 (Thermoscientific Inc.,

CA, USA) at 37 �C, 5 % CO2, 95 % humidity for 72 h. At

80 % (*8.8 9 107 cells/ml and 8.8 9 108 cells/flask)

confluence, the cells were washed with Hanks balanced salt

solution (Invitrogen, GIBCO) supplemented with 0.25 lg

trypsin per ml and inoculated with 100 ll of homogenized

isolate after pouring off the growth medium. The adsorption

of the virus onto the LLC-MK2 cell cultures was enhanced

by incubating at 37 �C for 1 h in a 5 % CO2 incubator; then

1 ml of maintenance media was added (appendix IV). The

cultures were then incubated in a 5 % CO2 incubator and

humidity of 80 % and observed for cytopathic effects after

48 h and up to 10 days and stored at -80 �C in a HERA

Freeze ultra-low freezer (Thermoscientific, CA, USA). For

the positive control, the prototype strain of HPIV-1 (strain

C35) obtained from the Centers for Disease Control and

Prevention collections, Atlanta, GA, USA was used. For the

negative control, 1 ml of maintenance media was added to

the cells.

HPIV-1 identification by immunofluorescence

Human parainfluenza virus type 1 in the supernatant was

identified by the direct immunofluorescent antibody assay

(IFA) using the SimulFluorTM Flu Para-1 MAb reagent
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(Chemicon International, CA, USA). Positive and negative

control slides were stained and included in each run for

comparison.

RNA extraction

The QIAamp Viral RNA Mini spin protocol (Qiagen,

Hilden, Germany) was used for RNA extraction. All iso-

lates were extracted according to the manufacturer’s

instructions. In the negative control, sterile distilled water

was added instead of specimen. For the positive control,

the prototype strain of HPIV-1 (strain C35) obtained from

the Centers for Disease Control and Prevention collections,

Atlanta, Georgia was used.

Primer and probe design

The conventional PCR primers used in this study were designed

using web-primer primer design (http://www.yeastgenome.

org/cgi-bin/web-primer) from HPIV-1 HN strain Washington

1964 (Accession number AF457102, region: 6847–8740) and

was selected to ensure that the size of the amplicon could be

easily differentiated by agarose gel electrophoresis. The prim-

ers were ordered from Bioserve, MD, USA.

Primers and probes [29] used for RTrtPCR detection were

ordered from ABI (Applied Biosystems Inc., CA, USA).

Reverse transcription was performed using the 7500 fast

Real Time RT PCR platform (Applied Biosystems Inc., CA,

USA). Briefly, real-time reverse transcriptase PCR was

performed in 25 ll of reaction mixture consisting of 12.5 ll

of 29 one-step reverse transcription (RT)-PCR buffer

(Ambion, CA, USA), one-step RT-PCR kit (containing

dNTPs and MgCl), 0.25 ll of 5 pm/ll probe, 0.25 ll of

10 pm/ll forward and 10 pm/ll reverse primers, 5 ll of

23 ng/ll RNA template, 0.625 ll of enzyme, 6.125 ll of

nuclease free water and the volume to 25 ll using double

distilled water. The PCR thermal profile consisted of an

initial cDNA step of 30 min at 50 �C followed by 15 min at

95 �C and 50 cycles of 30 s at 95 �C, 30 s at 55 �C, and 30 s

at 72 �C. In the negative control, sterile distilled water was

added instead of specimen. For the positive control, the

prototype strain of HPIV-1 (strain C35) was used. RTrtPCR

provided information on the viral load in each of the isolates,

whereby low Ct values correlated with high viral loads.

Primary amplification, detection, and data analysis were

performed with Applied Biosystems Fast PCR 7500 plat-

form (Applied Biosystems Inc., CA, USA).

HPIV-1 conventional PCR primers, reverse

transcription, and primary amplification

All supernatants, found to be positive for HPIV-1 by

RTrtPCR, were further tested by conventional RT-PCR to

confirm the results. The primers used targeted a different

region of the same gene as the real-time PCR. This was

performed in 25 ll of reaction mixture consisting of

12.5 ll of 29 one-step reaction mixture containing

DNTPs, MgCl2, and reverse transcriptase (Invitrogen one-

step RT-PCR kit), 1 ll Super script III Taq polymerase,

0.5 ll of the forward (20 pm/ll) and reverse (20 pm/ll)

primers, 3 ll of 30 ng/ll RNA template, 7.5 ll of nuclease

free water. The PCR thermal-cycling profile consisted of an

initial cDNA synthesis step of 30 min at 50 �C, followed

by denaturation for 2 min at 94 �C and 45 cycles (con-

sisting of denaturation for 45 s at 94 �C, primer annealing

for 45 s at 57 �C, and strand extension for 2 min at 68 �C).

In the negative control, sterile distilled water was added

instead of template RNA. For the positive control, RNA

from the prototype strain of HPIV-1 (strain C35) was used.

The expected product of 360 bp was detected by agarose

gel electrophoresis on 2 % agarose.

Analysis of PCR products

Real time PCR products were analyzed using Applied

Biosystems 7500 fast software. Conventional PCR prod-

ucts were analyzed by agarose gel electrophoresis on 2 %

(w/v) agarose using 1XTBE (Promega, USA) as previously

described [26].

Sequencing

Direct sequencing of the PCR product was carried out

using the primers HPIV-1HNf and HPIV-1HNr on a

35009l genetic analyzer which uses a fluorescent-based

DNA analysis system.

Data analysis

Sequences from both strands of the PCR product were viewed

and edited using Bioedit sotware version 7.0.0. The edited

sequences were saved as FASTA format. For each individual

sequence, a nucleotide–nucleotide BLAST (BLASTN) search

was done (http:/www.ncbi.nlm.nih.gov/BLAST/Blast.cgi) to

confirm its identity.

The saved sequences were then imported into Muscle 3.6,

and multiple sequence alignment was done against the

reference Washington 1964 sequence (accession number

M86786.1). The aligned sequences were visualized using

Gene Doc version 5, and further confirmed using Clustal

Omega nucleotide alignment function. The aligned nucleo-

tide sequences (7254–7521) were used in the subsequent

analysis. Polymorphic sites, neutrality test, and linkage dis-

equilibrium and recombination, was determined using

DnaSP version 5.10 as previously described [24], available

at http:/www.ub.es.dnasp. Differences between synonymous
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and nonsynonymous substitutions were tested with the

method of Nei and Gjobori [21] available in the program;

PAL2NAL version 14 as previously described [16], and

phylogenetic trees were constructed using Mr. Bayes version

3.2 software and visualization by Fig tree version 1.3.1. The

trees were further confirmed using Mega 4 and ClustalW.
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