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Introduction

Influenza viruses are enveloped, negative single stranded 
RNA viruses. There are four types of influenza viruses, named 
A, B, C and D and classified under the Orthomyxoviridae 
family.1 Influenza C virus affects human and swine, usually 
causing mild to moderate respiratory infection, however, it is 
uncommon.2 Influenza D virus primarily affects cattle and is 
not known to cause infection in humans but is believed to have 
the potential to do so.1,3 Influenza A and B viruses are mainly 
responsible for seasonal flu. Influenza A virus (IAV) is known 
to cause pandemics, as animals can also be its natural  
reservoir, whereas influenza B virus (IBV) primarily infects 
humans.4

Influenza infection in humans can be mild to severe 
depending on the seasonal variation and the patient’s immune 
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status. Typical upper respiratory tract symptoms with rhinor-
rhoea and pharyngitis accompanied by malaise, fever, myal-
gia and headaches are common. Gastrointestinal (GI) 
symptoms such as diarrhoea and/or vomiting does occur, and 
are usually more common in young children.5,6

Availability of molecular detection methods for influ-
enza virus in recent years has improved diagnostic effi-
ciency. Performance of polymerase chain reaction (PCR)- 
based tests indicated that nasopharyngeal flocked swabs 
should be regarded as the most sensitive samples for diag-
nosing influenza virus, with 94% sensitivity.7,8 Some stud-
ies have also reported detection of influenza viruses’ RNA 
in rectal swabs of patients with GI symptoms or severe sys-
temic manifestations.9,10,11

The aim of this study was to explore whether faecal speci-
mens or rectal swabs provided additional value in detecting 
influenza virus infection or predicting the severity of influ-
enza infection by using duration of hospital stay as an indica-
tor of severity. The study also aimed to investigate the 
relationship, if any, between influenza virus detected in rec-
tal swabs and the patient’s corresponding GI symptoms. This 
study retrospectively analysed data collected as part of the 
PREDICT USAID project, a disease surveillance effort to 
strengthen early detection of viruses from animals and 
humans. All samples in this study were collected at Loei pro-
vincial hospital, Loei province, Thailand and sent to the Thai 
Red Cross Emerging Infectious Diseases Health Science 
Centre, Chulalongkorn University Hospital, Bangkok, 
Thailand, for viral screening, and influenza virus detection 
and characterization.

Methods

Clinical specimens

Local institutional review board approval number was 
obtained (IRB No. 380/59). Written informed consent was 
obtained from all individual participants enrolled in the 
study. For minor participants, written informed consent 
was also obtained from their parent or legal guardian. 
Questionnaire used in this study was approved and vali-
dated by the local IRB committee. All procedures per-
formed in this study involving human participants were in 
accordance with the ethical standards of the institutional 
and/or national research committee, and with the 1964 
Helsinki declaration and its later amendments or compara-
ble ethical standards. Clinical samples from patients with 
febrile illness with undiagnosed cause of disease, such as 
severe acute respiratory disease, encephalitis of unknown 
origin and haemorrhagic fevers were obtained from Loei 
provincial Hospital in the north east of Thailand. The 
inclusion criteria were patient with febrile illness (more 
than 2 years old) and temperature > 37.5oC for less than  
10 days. The exclusion criteria were patient who were una-
ble to provide informed consent, specimen and/or disease 
history.

The sample size calculation was based on the prevalence 
of febrile illness at which hypothesized % frequency of out-
come factor in the population was 0.716% at 95% confidence 
level. The equation for calculating sample size is shown 
below

N
z P P

d
=

−∝/ ( )2
2

2

1

Where N is sample size, Z2 is Z score (1.96 for 95% confi-
dence level), P is hypothesized % frequency of outcome fac-
tor in the population (0.716% in this study), d is confidence 
limits: 5%, and N = 102.14 ~ 102 samples per year

Nasopharyngeal (NP) swab, rectal swab, urine and whole 
blood were collected from each hospitalized patient enrolled 
in the PREDICT project within 2 days of admission. The NP 
swabs and rectal swabs were collected from patients using 
flocked swabs (Copan Flock Technologies SRL, Italy) and 
rayon-tipped swabs, respectively (Puritan, USA). All sam-
ples were collected in viral transport medium. Total nucleic 
acids were extracted from the NP swab, rectal swab, and 
whole-blood using NUCLISENS® EASYMAG® automated 
method according to the manufacturer’s protocol.

PB1 gene was used to identify the influenza virus in NP 
swab, rectal swab and whole blood using reverse transcrip-
tion polymerase chain reaction (RT-PCR). cDNA was syn-
thesized with 8 µl of total nucleic acid using SuperScript™ 
III Reverse Transcriptase (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA) according to the manufac-
turer’s protocol. Nested-PCR targeting the PB1 gene of 
influenza virus was performed with the primer sets 
FLUAPB1-F (ATGATGATGGGNATGTTYAAYATG) and 
FLUAPB1-R: (GCNGGNCCNAKDTCRYTRTTDATCAT) 
for the first round of PCR; and FLUAPB1-NF (GATG 
GGNATGTTYAAYATGYTDAGYAC) and FLUAPB1-R 
for the second round of PCR. This protocol was developed 
at the Centre for Infection and Immunity, Columbia 
University Mailman School of Public Health (Liang, E. 
Unpublished). Each PCR reaction included 2 µL of the 
cDNA for the first round of PCR or 2 µL of the first round 
PCR product for the second round of PCR in 50-µL reac-
tion. Bands from the second round PCR product were visu-
alized using the QIAxcel Advanced system and QIAxcel 
ScreenGel Software version 1.5.0 (QIAGEN, Hilden, 
Germany). RNAse/DNAse free water was used instead of 
template as negative control to exclude sample contamina-
tion during laboratory procedures and synthetic oligonu-
cleotide was used as positive control. The final PCR 
products, with approximately 402 bp amplicon size, were 
agarose gel purified using NucleoSpin Gel and PCR 
Clean-up kit (MACHEREY-NAGEL, Germany) following 
the manufacturer’s instructions. The purified amplicons 
were then submitted for DNA sequencing by Sanger 
sequencing process using FLUAPB1-F and FLUAPB1-NF 
primers at First BASE Laboratories Sdn Bhd, Malaysia.
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Full length amplification for the influenza virus 
subtyping

Subtypes of all positive influenza virus samples were con-
firmed by identifying HA and NA gene sequences using spe-
cific primers and conventional RT-PCR protocol for human 
influenza surveillance (Table 1). The details of gene-specific 
primer sets for HA and NA genes of each type/subtype are 
shown in Table 1. Five µL of total nucleic acid was amplified 
in 50-μL reaction using one-step RT-PCR kit (Qiagen) fol-
lowing the manufacturer’s protocol. The PCR amplicon was 
separated by TBE agarose gel electrophoresis technique and 
purified using NucleoSpin Gel and PCR Clean-up kit 
(MACHEREY-NAGEL, Germany). The purified amplicon 
was sequenced (Sanger sequencing process) by First BASE 
Laboratories Sdn Bhd, Malaysia. To obtain full length 
sequence, a subset of gene fragment sequences for each type/
subtype were aligned using BioEdit software version 7.0.5.3.

Clinical analysis

We identified all patients with samples positive for influenza 
virus and attempts were made to retrieve all in-patient medi-
cal records. We categorized these patients into two groups, 
one with NP swab positive and one with rectal swab positive 
regardless of NP results. Information for all patients were 
retrieved from the PREDICT surveillance project question-
naire, which was administered to all patients enrolled in the 
study and included demographic details, temperature at pres-
entation, symptoms, and initial treatments.

Furthermore, we were able to obtain 39 out of 51 in-
patient medical records and their laboratory work up were 
analysed, and length of hospital stay, maximum body tem-
perature during hospital stay, white cell counts, and GI 
symptoms (defined as either vomiting and/or diarrhoea) 
were collected.

We were unable to specify duration from onset of symp-
toms to sample collection as in-patient details were not ade-
quate and did not specify initial symptoms, which could 
range from prodromal flu-like to fever.

Statistical analysis

A Mann-Whitney U test was used to compare differences in 
length of hospital stay, maximum temperature during hospi-
tal stay and white cell counts between patients with positive 
rectal swab and those with a negative rectal swab. All statis-
tical analyses were performed using SPSS Statistics 17.0.

Results

A total of 200 human participants were enrolled in this study 
from May 2017 through to December 2018 with 51 influenza 
positive cases detected via PCR. NP swab was positive for 
48 of 51 cases. Rectal swab was positive for 12 of 51 cases. 
Within the positive rectal swab group, three cases were iso-
lated rectal swab positive as their NP swab was negative. 
Influenza virus typing results are summarized in Figure 1. 
IAV represented 37 of 51 cases, 25 samples were H1N1 and 

Table 1.  Oligonucleotide primers designed for typing and subtyping of influenza viruses (IAV and IBV).

Type/subtype Gene 
fragment

Primer Sequence (5’ to 3’) PCR product 
size (bp)

Influenza A H1N1 
(2009)

HA-5’ (H1) H1 F1 AGCAAAAGCAGGGGAAAATAAAAGC 1264
H1R1264 CCTACTGCTGTGAACTGTGTATTC

HA-3’ (H1) H1F848 GCAATGGAAAGAAATGCTGGATCTG 945
HARUc ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTTT

NA-5’ (N1) N1 F1 AGCAAAAGCAGGAGTTTAAAATG 1099
N1R1099 CCTATCCAAACACCATTGCCGTAT

NA-3’ (N1) N1F401 GGAATGCAGAACCTTCTTCTTGAC 1073
NARUc ATATGGTCTCGTATTAGTAGAAACAAGGAGTTTTTT

Influenza A (H3N2) HA-5’ (H3) H3A1 F6 AAGCAGGGGATAATTCTATTAACC 1079
H3A1R1 GTCTATCATTCCCTCCCAACCATT

HA-3’ (H3) H3A1 F3 TGCATCACTCCAAATGGAAGCATT 863
HARUc ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTTT

NA-5’ (N2) NAFUc TATTGGTCTCAGGGAGCAAAAGCAGGAGT 1095
H3N2R1095 TCATTTCCATCATCRAAGGCCCA

NA-3’ (N2) N2F387 CATGCGATCCTGACAAGTGTTATC 1082
NARUc ATATGGTCTCGTATTAGTAGAAACAAGGAGTTTTTT

Influenza B HA-5’ BHAF1u TATTCGTCTCAGGGAGCAGAAGCAGAGCATTTTCTAATATC 1361
BHAR1341 TTCGTTGTGGAGTTCATCCAT

HA-3’ BHAF458 AGAAAAGGCACCAGGAGGACCCTA 1391
BHA2R1 GTAATGGTAACAAGCAAACAAGCA

PCR: polymerase chain reaction.
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12 samples with H3N2. Within IAV group, a total of 11 rectal 
swabs were positive (8 NP and rectal positives and 3 isolated 
rectal positives). IBV represented the remaining 14 of 51 
cases with only 1 patient with isolated rectal swab positive. 
None of the whole blood samples from these 51 patients 
were positive for Influenza. All 12 patient’s medical records 
with positive rectal swab were obtained and their demo-
graphics, clinical features, and virological information are 
summarized in Table 2. We were also able to obtain medical 
records from 27 of 39 patients with positive NP swab but 
negative rectal swab.

None of the patients included in this study required ino-
tropic support, intensive care, or mechanical ventilation, and no 
mortality was observed. There was no statistically significant 
difference in the length of hospital stay for patients with posi-
tive rectal swab (n = 12, mean ± SD = 4.2 ± 1.5) compared to the 
negative rectal swab group (n = 27, mean ± SD = 3.7 ± 1.1), 
Mann–Whitney Test (Z = -1.063, p = 0.288). Mean peak white 
cell counts of patients with positive rectal swab (n = 12, 
mean ± SD = 8237 cells/µL ± 4443) was compared to those of 
patients with negative rectal swab (n = 27, mean ± SD = 8152 
cells/µL ± 4728), Mann–Whitney Test (Z = -0.228, p = 0.818). 
Mean peak temperature of patients with positive rectal swab 
(n = 12, mean ± SD = 39.7°C ± 0.63) and patients with nega-
tive rectal swab (n = 27, mean ± SD = 39.5°C ± 0.74) were 
also compared, Mann–Whitney Test (Z = -0.669, p = 0.503). 
There was no statistically significant difference in mean peak 
white cell counts and peak temperature during hospital stay 
for both groups.

GI symptoms were observed in 11/39 patients with posi-
tive NP swab and negative rectal swab (28.2%), whereas GI 
symptoms were seen in 3/12 patients with positive rectal 
swab (25.0%). Within the positive rectal swab group, one 
patient (patient 4) was documented to have watery stool 

during admission, while two patients (patients 1 and 3) were 
vomiting before admission. There is no documentation of GI 
symptoms before or during admission for the remaining rec-
tal swab positive patients (Table 2).

Discussion

A study by Sato et al.12 suggested that influenza virus cannot 
replicate in the GI tract as the acidity would render it non-
infectious. However, the use of acid lowering therapies and 
the possibility of virus mixing with food debris may reduce 
acid exposure and help the virus maintain its replicative ability 
in the GI tract.12 Hirose et al.13 (2017) performed colonoscopy 
in patients with influenza virus infection, which demonstrated 
enteritis and biopsy showing presence of influenza RNA and 
antigens.13,14 However, detectable viral RNA in rectal swab 
does not confirm viral replication in the GI tract as there are no 
surface receptors on human intestinal epithelial cells compat-
ible with influenza virus replication. Influenza RNA detection 
in the GI tract is therefore more likely to result from ingestion 
of mucus containing viral RNA.15 On the other hand, Shu 
et al.16 suggested the possibility that severe infection can lead 
to detectable viral RNA in the GI tract due to dissemination of 
lymphocytes into the tract, and that this systemic inflamma-
tion could be responsible for enteritis.17

Our study found no correlation between GI disturbance 
and presence of influenza virus RNA in the GI tract, as simi-
lar proportion of patients experienced GI symptoms in the 
group with positive NP swab and negative rectal swab and in 
the group of patients with positive rectal swab. There was no 
difference in the duration of hospital stay, white cell count 
and temperature between the two groups. A recent study 
found saliva, a more convenient and less invasive specimen, 
to be almost as sensitive for influenza virus screening as NP 

Figure 1.  Summary of nasopharyngeal (NP) and rectal (R) swab findings. Subtyping in cases with both samples positive were consistent.
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swab.18 Therefore, rectal swab testing for the sole purpose of 
detection of influenza may add little to the diagnoses and 
treatment of the patient.

Limitation of this study includes its retrospective nature, 
as we were not able to obtain the time interval between the 
onset of fever and the rectal swab sample collection. We can-
not exclude that the isolated positive rectal swabs observed 
in this study could be due to the persistence of influenza 
RNA in the faecal sample despite viral eradication from res-
piratory samples.9 It is also possible that negative NP swab 
of these patients was due to inadequacy in NP collection. As 
we were not able to obtain all medical records, the length of 
hospital stay, temperature and white cell count were calcu-
lated from 39/51 patients.

Conclusion

We have shown that rectal swabs cannot be used to predict 
the severity of influenza infection. Presence of detectable 
virus were not associated with GI disturbance, and there is 
currently no evidence to suggest viral replication in the intes-
tine. In some cases, it is possible to have an isolated positive 
rectal swab but systematic rectal swab testing would only 
provide minimal diagnostic benefit and is unlikely to be cost 
effective.
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Table 2.  Demographics, virological data and clinical features of 12 patients tested positive for influenza virus in their rectal swabs.

Patient Sex/age 
(year)

Stool Co-morbidities Presenting symptoms Virus typing Hospital 
stay (days)

Temp 
(°C)

White Cell 
Count (per µL)

1 M/4 Firm None documented Fever, cough, vomit, reduced appetite IAV (H3 N2) 2 39.4 10,730
2 M/7 Firm None documented Fever, cough IBV 3 39.7 6160
3 M/3 Firm None documented Fever, injected conjunctiva, cough, 

myalgia, vomit, reduced appetite
IAV (H1N1) 7 40 9910

4 F/2 Watery None documented Fever, cough, rhinorrhoea, diarrhoea, 
reduced appetite

IAV (H1N1) 3 40.2 3680

5 M/17 Firm Smoker Fever, headache, rigour, confusion IAV (H1 N1) 6 38.7 5190
6 F/19 Firm None documented Fever, cough, rhinorrhoea, headache, 

myalgia, fatigue
IAV (H1N1) 5 38.7 3840

7 F/32 Firm None documented Fever, cough, headache, myalgia, 
fatigue

IAV (H1N1) 3 40.6 8200

8 M/32 Firm Cellulitis Fever IAV (H3N2) 4 39.6 19,150
9 M/31 Firm None documented Fever, abdominal pain, headache, 

myalgia, fatigue
IAV (H3N2) 3 39.3 10,100

10 F/23 Firm None documented Fever, cough, myalgia IAV (H1N1) 6 39.5 5530
11 F/61 Firm None documented Fever, cough, headache, back pain IAV (H1 N1) 4 40.2 4670
12 M/21 Firm None documented Fever, shortness of breath, headache, 

rigour, myalgia, fatigue
IAV (H3N2) 4 40.5 11,680

IAV: influenza A virus; IBV: influenza B.

https://orcid.org/0000-0001-9241-3475


6	 SAGE Open Medicine

Supplemental material

Supplemental material for this article is available online.

References

	 1.	 CDC. Types of influenza viruses, https://www.cdc.gov/flu/
about/viruses/types.htm (accessed 16 July 2020).

	 2.	 Kimura H, Abiko C, Peng G, et al. Interspecies transmission of 
influenza C virus between humans and pigs. Virus Res 1997; 
48(1): 71–79.

	 3.	 Su S, Fu X, Li G, et al. Novel influenza D virus: epidemiology, 
pathology, evolution and biological characteristics. Virulence 
2017; 8: 1580–1591.

	 4.	 Vemula SV, Zhao J, Liu J, et al. Current approaches for diagno-
sis of influenza virus infections in humans. Viruses 2016; 8: 96.

	 5.	 Wang YH, Huang YC, Chang LY, et al. Clinical characteristics 
of children with influenza A virus infection requiring hospitali-
zation. J Microbiol Immunol Infect 2003; 36(2): 111–116.

	 6.	 Meury S, Zeller S and Heininger U. Comparison of clinical 
characteristics of influenza and respiratory syncytial virus 
infection in hospitalised children and adolescents. Eur J 
Pediatr 2004; 163(7): 359–363.

	 7.	 Irving SA, Vandermause MF, Shay DK, et  al. Comparison 
of nasal and nasopharyngeal swabs for influenza detection in 
adults. Clin Med Res 2012; 10(4): 215–218.

	 8.	 Uyeki TM, Bernstein HH, Bradley JS, et  al. Clinical prac-
tice guidelines by the infectious diseases society of America: 
2018 update on diagnosis, treatment, chemoprophylaxis, and 
institutional outbreak management of seasonal influenza. Clin 
Infec Dis 2019; 68: e1–e47.

	 9.	 Hirose R, Daidoji T, Naito Y, et  al. Long-term detection of 
seasonal influenza RNA in faeces and intestine. Clin Microbiol 
Infec 2016; 22: 813.

	10.	 Buchy P, Mardy S, Vong S, et  al. Influenza A/H5N1 virus 
infection in humans in Cambodia. J Clin Virol 2007; 39(3): 
164–168.

	11.	 Chan MC, Lee N, Chan PK, et al. Fecal detection of influ-
enza A virus in patients with concurrent respiratory and 
gastrointestinal symptoms. J Clin Virol 2009; 45(3): 208–
211.

	12.	 Sato SB, Kawasaki K and Ohnishi S. Hemolytic activity of 
influenza virus hemagglutinin glycoproteins activated in 
mildly acidic environments. Proc Natl Acad Sci USA 1983; 
80(11): 3153–3157.

	13.	 Hirose R, Nakaya T, Naito Y, et  al. Mechanism of human 
influenza virus RNA persistence and virion survival in feces: 
mucus protects virions from acid and digestive juices. J Infect 
Dis 2017; 216: 105–109.

	14.	 Landi KK and Coleman AT. Sudden death in toddlers caused 
by influenza B infection: a report of two cases and a review of 
the literature. J Forensic Sci 2008; 53(1): 213–215.

	15.	 Walther T, Karamanska R, Chan RW, et  al. Glycomic 
analysis of human respiratory tract tissues and correlation 
with influenza virus infection. PLoS Pathog 2013; 9(3): 
e1003223.

	16.	 Shu Y, Li CK, Li Z, et al. Avian influenza A(H5N1) viruses 
can directly infect and replicate in human gut tissues. J Infect 
Dis 2010; 201: 1173–1177.

	17.	 Wang J, Li F, Wei H, et al. Respiratory influenza virus infec-
tion induces intestinal immune injury via microbiota-mediated 
Th17 cell–dependent inflammation. J Exp Med 2014; 211(12): 
2397–2410.

	18.	 To KKW, Yip CCY, Lai CYW, et  al. Saliva as a diagnos-
tic specimen for testing respiratory virus by a point-of-care 
molecular assay: a diagnostic validity study. Clin Microbiol 
Infect 2019; 25(3): 372–378.

https://www.cdc.gov/flu/about/viruses/types.htm
https://www.cdc.gov/flu/about/viruses/types.htm



