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Abstract

We collected 325 nasal swabs from freshly slaughtered previously healthy pigs from October 2012 

through January 2014 in a slaughterhouse near Lomé in Togo. Influenza A virus genome was 

detected by RT-PCR in 2.5% to 12.3% of the pooled samples, and results of hemagglutinin 

subtyping RT-PCR assays showed the virus in all the positive pools to be A(H1N1)pdm09. Virus 

was isolated on MDCK cells from a representative specimen, A/swine/Togo/ONA32/2013(H1N1). 

The isolate was fully sequenced and harbored 8 genes similar to A(H1N1)pdm09 virus genes 

circulating in humans in 2012–2013, suggesting human-to-swine transmission of the pathogen.
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Introduction

Comparatively little is known about influenza virus circulation in Africa, and even less is 

known about swine influenza virus on the continent. Before the emergence of the H1N1 

pandemic virus in 2009 ([H1N1]pdm09 virus), few investigations into the presence of 

influenza virus in Africa had occurred. Swine influenza antibodies have recently been 

detected in Uganda (Kirunda et al., 2014) and in Nigeria (Adeola et al., 2010). Adeola et al 

isolated swine influenza viruses in Nigeria and showed antigenic cross-reactivity with 
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human H1 and H3 viruses (Adeola et al., 2009). However, no sequence data were available, 

making the comparison with viruses circulating in other parts of the world difficult.

Subsequent to A(H1N1)pdm09 becoming pandemic in humans it was detected in swine on 

La Réunion Island in 2009 (Cardinale et al., 2012), in Cameroon in 2010 (Njabo et al., 

2012), and in Nigeria in 2010 (Meseko et al., 2014). We carried out a large-scale active 

surveillance study of animal influenza in Togo from 2009 through 2014 with close to 10 000 

avian and swine swabs tested for the presence of influenza virus genome. As observed in the 

neighboring Benin and Côte d’Ivoire, none of the animal swabs collected in Togo through 

2012 had been positive for influenza A virus, nor had any animal serum tested positive for 

influenza A virus antibodies (Couacy-Hymann et al., 2012). Again from 2011 through 2014, 

no avian samples tested positive for influenza virus genome or antibody in the 3 countries 

(Fuller et al., 2014). However in swine, influenza virus genome was detected, demonstrating 

that influenza activity in the region is not completely absent and likely transient when 

present.

Material and Methods

We collected 325 nasal swabs from freshly slaughtered pigs in a slaughterhouse near Lomé 

in Togo. From October 2012 through January 2014, 10 to 42 samples were collected once a 

month. Each pig was clinically examined prior to slaughter, and none of the pigs showed 

respiratory symptoms. Trained personnel collected the samples and the study complied with 

INRA, St Jude Children’s Research Hospital, Laboratoire vétérinaire de Lomé, and 

international guidelines on animal welfare. The samples were collected in viral transport 

media as described (Couacy-Hymann et al., 2012) and then stored on ice during sampling 

and transportation to the laboratory (< 2hours). Swabs were then stored at −80°C in Lomé 

(Togo), shipped to Toulouse (France) in a dry shipper (−196°C), and stored at −80°C in 

Toulouse before further processing.

The samples were pooled by 5 (in sampling order: 50 µl aliquots from 5 swabs (5 pigs) per 

pool tube) to reduce the screening cost. RNA was extracted by using the QIAmp viral RNA 

minikit (QIAGEN), and influenza A–specific one-step real-time RT-PCR was carried out by 

using M52C/M253R influenza A primers and the QuantiFast SYBR® Green RT-PCR Kit 

(QIAGEN) according to the instructions of the manufacturer as previously described 

(Couacy-Hymann et al., 2012).

Influenza A virus genome was detected in 8 out of 65 positive pools: in samples collected in 

February, from June through September, and in November 2013. Subtyping real-time RT-

PCR assays for HA detected only the A(H1N1)pdm09 virus genes in all the positive pools 

(WHO, 2009).

The virus isolated from Madin-Darby canine kidney (MDCK, ATCC) cells inoculated with a 

representative specimen was A/swine/Togo/ONA32/2013(H1N1). The full genome of the 

isolate was amplified by RT-PCR and sequenced on a 3130XL Applied Biosystems 

capillary sequencer at the Plateau de Génomique GeT-Purpan, UDEAR UMR 5165 CNRS/
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UPS, CHU PURPAN, Toulouse, France. The sequences were submitted to GenBank and 

can be found under the following accession numbers: [KM386876-KM386883].

Results

The virus harbored 8 genes clustering with A(H1N1)pdm09 virus genes (Figure). The 

sequences of A/swine/Togo/ONA32/2013(H1N1) were compared gene-by-gene with those 

of the closest blast hit for which a full genome was available (A/Texas/

JMM_52/2012[H1N1]), with all the sequences from human (H1N1)pdm09 viruses from 

West and Central Africa available on GenBank, and with all the African swine 

(H1N1)pdm09 virus sequences available on GenBank. For the 8 genes, A/swine/Togo/

ONA32/2013(H1N1) grouped with A/Texas/JMM_52/2012(H1N1) with high supporting 

bootstrap values (92, 97, 100, 100, 98, 99, 99, and 100 for HA, PB2, PB1, PA, NP, NA, M, 

and NS, respectively; Figure A to H). Interestingly, the HA gene sequence of A/Côte 

d’Ivoire/1529/2012 was also closely related to that of A/swine/Togo/ONA32/2013(H1N1) 

and A/Texas/JMM_52/2012(H1N1) (Figure A). The full genome sequence of this Ivorian 

strain was not available on GenBank for further comparison. The analysis of molecular 

markers of drug resistance showed that A/swine/Togo/ONA32/2013(H1N1) is likely 

sensitive to neuraminidase inhibitors (i.e., it harbors 275H on its NA protein) but resistant to 

the M2 inhibitors amantadine and rimantadine (i.e., S31N substitution observed on its M2 

protein). Unique amino acid mutations (as determined by comparison with all available 

(H1N1)pdm09 sequences on GenBank) were identified for A/swine/Togo/

ONA32/2013(H1N1): Q313H in NA, and S31G in PB1.

In conclusion, phylogenetic analyses showed that A/swine/Togo/ONA32/2013(H1N1) was 

more closely related to (H1N1)pdm09 viruses that were circulating in humans in the region 

and worldwide in 2012–2013 than to (H1N1)pdm09 viruses circulating in swine, suggesting 

that human-to-swine transmission of the pathogen occurred.

Discussion

Swine populations have been surveyed every month in Togo since 2009 within the 

framework of a large-scale animal influenza surveillance project, with no influenza A virus 

detected in nasal swabs and no influenza A antibodies in swine sera (Couacy-Hymann et al., 

2012). We have previously hypothesized that the combination of climate and animal density 

factors might be responsible for what appeared to be the absence of influenza virus in the 

backyard sector of Côte d’Ivoire, Benin, and Togo (Couacy-Hymann et al., 2012). Lowen et 

al, indeed, showed in a laboratory setting and in the guinea pig model that the lower the 

temperature and relative humidity, the higher the rate of aerosol transmission (Lowen et al., 

2007). In addition, Meseko et al detected swine influenza virus in Nigeria throughout the 2 

years of their study, with higher isolation rates from November through January, when the 

dry Harmattan wind is present (Meseko et al., 2014). In the present study, we did not detect 

significantly more influenza virus in the Harmattan season (November through January in 

Togo as in Nigeria) than during the rest of the year. This finding could be explained by a 

much lower animal density in Togo than in Nigeria: 1.2 million tons of pork meat was 

produced in Africa in 2012, with 10 100 tons in Togo and 249 000 tons in Nigeria 
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(www.faostat.org). Data collected over a longer period of time would be necessary to 

properly test the seasonality hypothesis. To better assess swine influenza virus prevalence in 

Togo, a surveillance of younger animals would be informative. In the Nigerian study, 78% 

of the swine influenza–positive samples were, indeed, from weaners and growing pigs 

(Meseko et al., 2014), which are thought to be more susceptible to infection; but we tested 

older pigs sampled at a slaughterhouse.

From October 2010 through January 2014, Togo reported sporadic influenza virus activity in 

humans to the World Health Organization (WHO). (H1N1)pdm09 was reported in the 

country in October and November 2010, from February through April 2011 and from June 

through August 2011, in February and July 2012 and from September through November 

2012, and from April through July 2013 and October through December 2013 (WHO). 

Nzussouo et al reported that (H1N1)pdm09 occurrence in most of West Africa was delayed 

compared to that of the rest of the world (Nzussouo et al., 2012). The first countries in West 

Africa to report (H1N1)pdm09 circulation were Côte d’Ivoire in April 2009 and Ghana in 

August 2009 (WHO). Taken together, these data show (i) circulation of (H1N1)pdm09 virus 

in humans since at least 2010; (ii) low influenza virus activity (or reporting) without 

seasonality: a transmission event from human to swine is possible in Togo. The sporadic 

circulation of (H1N1)pdm09 in humans since 2010 might explain why no swine influenza 

virus was detected before 2013 in Togo although human-to-swine spillover was observed 

much earlier in many other countries. The absence of seasonality in human influenza reports 

in Togo is also in agreement with the irregular occurrence of the disease in swine.

The results of our phylogenetic analyses of A/swine/Togo/ONA32/2013(H1N1) genome 

suggest a human origin of the virus. Human-to-swine and swine-to-human transmission of 

influenza virus have been frequently reported (Brockwell-Staats et al., 2009), and proven 

human-to-swine transmission of (H1N1)pdm09 occurred several times in America at the 

early stages of the 2009 pandemic (Howden et al., 2009; Pereda et al., 2010; Weingartl et 

al., 2010). In Cameroon, Larison et al recently studied the virus spillover from human to 

swine and found that free roaming of pigs is a significant risk factor. They hypothesized that 

virus transmission to swine may occur via consumption of human feces, which contains 

infectious particles (Larison et al., 2014). However, this mode of transmission seems 

relatively unlikely in the Togolese context, swine production in Togo consists of small farms 

and free range pigs, with little to no importation from abroad, a setup unfavorable for 

sustained swine influenza virus transmission (Saenz et al., 2006). Taken together, the 

literature and our phylogenetic analyses results support the hypothesis of human-to -swine 

transmission of (H1N1)pdm09 in Togo; however, epidemiological studies are warranted to 

show the transmission route definitively.

Since the (H1N1)pdm09 virus emerged in April-May 2009 in human and swine populations, 

it has evolved in both hosts. Interestingly, in humans, the virus just underwent a little genetic 

drift but no significant antigenic drift, and the WHO recommended the same virus strain be 

used for the seasonal vaccine composition in February 2014 as was used in 2009: A/

California/7/2009 (H1N1)pdm09-like virus (WHO). In contrast, (H1N1)pdm09 virus 

evolved considerably in swine not only with mutations but also with numerous reassortment 

events. In the United States, co-circulation and multiple reassortments between endemic and 
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pandemic swine influenza viruses have been identified since 2009 (Corzo et al., 2013; 

Ducatez et al., 2011). These reassortant viruses harbored pandemic matrix and endemic 

hemagglutinin and neuraminidase gene segments, with diverse combinations for the other 5 

gene segments (Ducatez et al., 2011). Since then, swine endemic/pandemic reassortant 

influenza viruses have worried public health authorities because H3N2 influenza variants 

(H3N2v) with pandemic matrix gene and swine endemic H3N2 backbone emerged in 2011 

and caused sporadic and relatively mild human infections. To date, 340 human cases have 

been reported (CDC, 2013). (H1N1)pdm09 virus also underwent generic reassortments in 

European swine populations: Moreno et al identified an H1N2 influenza virus with an 

endemic swine neuraminidase (N2) gene segment on an (H1N1)pdm09 backbone in 2010 in 

Italy (Moreno et al., 2011); several pandemic/endemic reassortment events were also found 

in swine populations in Germany (Lange et al., 2013; Starick et al., 2011; Starick et al., 

2012). However, Asia seems to be the continent on which (H1N1)pdm09 has evolved the 

most, with the first report of a virus harboring a swine Eurasian neuraminidase gene segment 

on an (H1N1)pdm09 backbone (Vijaykrishna et al., 2010), followed by many other complex 

reassortment combinations (Liang et al., 2014). The A/swine/Togo/ONA32/2013(H1N1) 

identified in the current study harbored a pure (H1N1)pdm09 genotype, suggesting that 

human-to-swine transmission of the pathogen occurred, which is a more likely event than an 

importation of a swine influenza virus into the country. Surveillance studies need to be 

continued in the region to better understand the virus transmission and evolution and the 

interspecies transmission.
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Highlights

- First detection of swine influenza virus in Togo

- 2009 H1N1 pandemic influenza virus in pigs in Togo

- Human-to-swine transmission of 2009 H1N1 pandemic influenza virus in 

Togo
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Figure. Nucleotide-level, maximum likelihood–derived phylogenetic trees of the 8 gene segments 
of the A/swine/Togo/ONA32/2013(H1N1) isolate
Partial gene sequences are indicated with a “*” symbol after the strain name. The gene 

sequences of A/swine/Togo/ONA32/2013(H1N1) (in large bold font) were compared to all 

West and Central African human (H1N1)pdm09 sequences available on GenBank, as well as 

to the closest blast hit for which a full genome was available (A/Texas/

JMM_52/2012[H1N1], whose gene segments shared consistently <99.4% identity with A/

swine/Togo/ONA32/2013(H1N1) gene segments), to a 2013 representative virus, A/

Helsinki/819/2013, and to the recommended vaccine strain (A/California/4/2009[H1N1]) (in 
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bold italic font). Swine viruses are underlined. The number of bootstrap replications was set 

to 500, and bootstrap values above 50 are labeled on major tree branches for reference. 

Phylogenetic trees of the A) hemagglutinin (HA); B) polymerase basic 2 (PB2); C) 

polymerase basic 1 (PB1); D) polymerase acidic (PA); E) nucleoprotein (NP); F) 

neuraminidase (NA); G) matrix (M); and H) non-structural protein (NS) gene segments are 

shown.
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