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Background: Despite annual co-circulation of different subtypes of seasonal influenza, co-infections
between different viruses are rarely detected. These co-infections can result in the emergence of reas-
sortant progeny.

Study design: We document the detection of an influenza co-infection, between influenza A/H3N2 with
A/H1N1pdmO9 viruses, which occurred in a 3 year old male in Cambodia during April 2014. Both viruses

Keywords: were detected in the patient at relatively high viral loads (as determined by real-time RT-PCR CT values),
Influenza c A R . . .
Seasonal which is unusual for influenza co-infections. As reassortment can occur between co-infected influenza
Co-infection A strains we isolated plaque purified clonal viral populations from the clinical material of the patient
AJH3N2 infected with A/H3N2 and A/H1N1pdmO09.
A/H1N1pdmO09 Results: Complete genome sequences were completed for 7 clonal viruses to determine if any reassorted
Reassortment viruses were generated during the influenza virus co-infection. Although most of the viral sequences
Reassortant were consistent with wild-type A/H3N2 or A/H1N1pdmO09, one reassortant A/H3N2 virus was isolated
which contained an A/H1IN1pdmO09 NS1 gene fragment. The reassortant virus was viable and able to infect
cells, as judged by successful passage in MDCK cells, achieving a TCIDsq of 10%/ml at passage number two.
There is no evidence that the reassortant virus was transmitted further. The co-infection occurred during
a period when co-circulation of A/H3N2 and A/H1IN1pdmO09 was detected in Cambodia.
Conclusions: It is unclear how often influenza co-infections occur, but laboratories should consider
influenza co-infections during routine surveillance activities.
© 2015 Z. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Background are rarely detected. Only a small number of publications have

The genomes of influenza A and influenza B viruses consist of
eight separate negative-sense, single-stranded RNA segments. Both
influenza A and influenza B viruses can rapidly evolve through
reassortment of these RNA segments during co-infection. How-
ever, intertypic reassortment between influenza A and influenza
B viruses has not been reported during natural infections [1].

Although seasonal influenza strains commonly co-circulate dur-
ing epidemic periods, co-infections between influenza subtypes
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reported the detection of co-infections between seasonal influenza
A strains [2-6]. These events are important as they may result
in reassortment of influenza viruses, leading to the circulation of
novel epidemic strains. Reassortment between seasonal influenza
viruses, A/H3N2 and A/H1N1pdm09, may result in the emergence
of influenza strains with increased transmission efficiency [7].
These viruses would be unlikely to have pandemic potential as they
have emerged from currently circulating viruses and widespread
immunity would limit their impact. However, outbreaks from
recombinant A/H3N1 and A/H1N2 viruses have been detected in the
past [5,8]. During 2000-2002 an influenza A/H1N2 virus emerged
which was a reassortant comprised of the HA from an A/H1N1 virus
and all other genes from an A/H3N2 virus. This reassortant spread
globally, and in some regions such as the United Kingdom and South
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Africa was the dominant A/H1 strain circulating in the 2001-2002
influenza season [9,10].

Objectives

In this study we report the detection of an influenza co-infection
which resulted in the generation of a reassortant progeny in a Cam-
bodian patient presenting with influenza-like-illness (ILI) during
April 2014.

Study design

During routine sentinel surveillance for ILI in 2014, the Cam-
bodian National Institute of Public Health detected a co-infection
between seasonal influenza strains. The co-infection, between
influenza A/H3N2 and A/H1N1pdmO9 (sample ID—Y0721354), was
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detected in April 2014 in a 3 year old male presenting to Kampong
Cham Hospital with ILI. Viral RNA was detected in nasopharyngeal
swab samples using real-time RT-PCR assays. The patient sam-
ples were referred to the Cambodian National Influenza Centre
(NIC—Institut Pasteur in Cambodia, Virology Unit) for confirmation
of results and further investigation.

At the NIC, viral RNA was extracted from nasopharyngeal swabs
using the MagNa Pure LC system (Roche), according to the manufac-
turer’s instructions. Seasonal influenza viruses were detected using
real-time RT-PCR and conventional RT-PCR methods, as described
previously [11,12]. Real-time RT-PCR was used to give an indication
of the relative viral loads of the co-infecting viruses in the clinical
samples.

Plaque-purified clonal viral populations were isolated
from the clinical material sampled from the patient with a
H3N2/H1IN1pdmO09 co-infection. Briefly, confluent MDCK cells
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Fig. 1. Phylogenetic tree based on NS1 sequences of A/HIN1pdmO09 and A/H3N2 viruses, generated in MEGA 6 [18] by using the Maximum Likelihood method based on
the Tamura 3-parameter model [19]. The numbers next to the branches indicate the percentage of 1000 bootstrap replicates that support each phylogenetic branch. The
tree is drawn to scale, with branch lengths measured in the number of substitutions per site. ((J) Vaccine strains in 2014: A/Texas/50/2012 (A/H3N2), A/California/07/2009
(A/HIN1pdmO09). (W) A/H3N2 reassortant virus clone on MDCK cells, passage 1 and 2. (®) A/H3N2 virus clone on MDCK, passage 1.
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were infected with two-fold serial dilutions (1/10-1/1280) of
clinical material and then overlaid with immunodiffusion grade
agarose gel (MP Biomedicals). Following at least 3 days incubation
at 37°C, viruses were harvested from foci of infection and inocu-
lated into fresh MDCK cells. Real-time RT-PCR and conventional
RT-PCR methods [11,12] were used to confirm the presence of
HA1, HA3, NA1 and NA2 from seven plaque purified viruses.
Sequence data were also generated for each gene fragment from
plaque purified viruses to determine if reassortment of viruses
had occurred. Amplified products for each gene fragment were
sequenced directly using BigDye Terminator v3.1 chemistry using a
Genetic Analyzer 3500xL sequencing machine (Life Technologies).

Results

Seasonal influenza viruses circulate throughout the yearin Cam-
bodia with peak seasonality occurring between June and November
[11,12]. Previous surveillance studies have established that mul-
tiple influenza viruses commonly co-circulate in the country,
and co-infections have previously been detected [G]. The co-
infection between influenza A/H3N2 and A/H1IN1pdmO09 viruses
was detected in April 2014 and NIC surveillance data showed that
both strains were circulating in Cambodia during this period (data
not shown).

We used sequence analysis to screen plaque purified viruses
for the presence of reassorted gene segments. One reassortant
A/H3N2 virus was detected with the NS1 gene originating from
A/HIN1pdmO9 virus. Passage of the reassortant A/H3N2 virus
showed that the virus was infectious, growing to a TCID5q of 104/ml
after two sequential passages in MDCK cells. Sequence analysis of
the HA, NA and NS1 genes of the passage 2 virus confirmed the pres-
ence of the reassortment in this virus with 100% sequence identity
of the HA (Supplementary Fig. 1), NA (Supplementary Fig. 2) and
NS1 genes (Fig. 1) to the first passage virus from the clonal plaque
(sequence accession numbers in Supplementary Table). There is
no evidence that the reassortant virus spread beyond the child
presenting with the co-infection. However, as the screening for
reassortants was not conducted until the samples were received
at the NIC it was not possible to conduct further testing on other
patients in the same area to determine if there was local spread of
this virus.

Discussion

In previous instances where co-infections between influenza
viruses have been detected, one strain is usually present at much
higher concentration in the patient [3-5]. In the case described
in this study both viruses were present at relatively high titres
(Table 1). This situation increases the chances of co-infection of
host cells occurring, leading to the possibility of reassortment
of influenza viruses. The A/H3N2 reassortant detected in this
study confirms that co-infections between influenza A/H3N2 and
A/H1N1pdmO09 viruses can produce infectious reassortants.

We cannot discount that other reassorted viruses were present
in the samples at lower frequencies than the dominant viral pop-

Table 1

ulations. The segmented nature of influenza viruses means that
advanced genetic sequencing methods, such as high-throughput
deep sequencing, are of no further benefit in detecting reassort-
ments as it is not possible to determine which gene segments
are associated with which virus. Seasonal influenza co-infections
and resulting reassortments probably occur more often than has
been previously documented. Recent in vivo experiments in guinea
pigs with wild-type and mutated A/H3N2 viruses revealed that
co-infection can result in high production of reassortant progeny
[13]. Reassortment between A/H3N2 and A/H1N1pdmO9 viruses
perhaps occurs more rarely, but can result in viable progeny, as
demonstrated by the A/H1N2 virus that achieved global circulation
during 2000-2002 [9,10]; and the isolation of a A/HIN2 reassor-
tant between A/H3N2 and A/HIN1pdmO09 in India during the 2009
pandemic [14]. The common practice of only targeting the HA and
NA genes for RT-PCR and sequencing also probably results in many
reassortments involving the internal genes being undetected.

Reassortment events can have important clinical implications,
particularly for the generation of antigenically novel viruses. In
2006 our research group isolated an A/H1N1 strain with evidence
of intrasubtypic reassortment, resulting in the generation of a virus
with considerable amino acid changes relative to viral clustering
based on the HA and other genes [15]. The emergence of such
viruses may have significant impacts on the circulation of antiviral
resistant strains. We have also previously documented reassort-
ment between influenza A/H5N1 strains, which corresponded with
a dramatic increase in human infections in Cambodia during 2013-
2014 [16]. Co-infection between the avian influenza strain A/H7N9
and the seasonal influenza strain A/H3N2 has previously been doc-
umented in China [17]. The endemic circulation of A/H5N1 and
A/H7N9 in the region, in addition to the presence of a myriad of
other avian influenza viruses, raises the very real possibility of co-
infection and reassortment between avian and seasonal influenza
viruses, resulting in the possible emergence of a new pandemic
virus. It is essential that influenza surveillance capacities are fur-
ther strengthened in the region to monitor the evolution of these
viruses.
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Crossing-threshold results obtained from real-time RT-PCR analysis of influenza co-infections.

Sample Influenza A M-gene (1)  Influenza AHA3(2) Influenza ANA2(3) Influenza AHA1pdmO09 (3) Influenza A NA1pdmO09 (3)
Y0721354 nasopharyngeal swab  21.6 30.2 35 26.61 25.64

Y0721354 MDCK clone P1 139 14.8 204 Neg Neg

Y0721354 MDCK clone P2 135 13.7 17.9 Neg Neg

H3N2 control® 19.7 21.2 24.8 Neg Neg

H1N1pdm09 control® 19.7 Neg Neg 209 22

3 CT values for HA3 and NA2 were consistent with results from routine testing of many A/H3N2 positive samples.
b CT values for HA1 and NA1 were consistent with results from routine testing of many A/H1N1pdmO09 positive samples.
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public health activities organized by the Ministry of Health in Cam-
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jcv.2015.11.008.
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