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Summary

We tested, using a low starting dilution, sequential serum samples from drome-

dary camels, sheep and horses collected in Dubai from February/April to October

of 2005 and from dromedary camels for export/import testing between Canada

and USA in 2000–2001. Using a standard Middle East respiratory syndrome coro-

navirus (MERS-CoV) neutralization test, serial sera from three sheep and three

horses were all negative while sera from 9 of 11 dromedary camels from Dubai

were positive for antibodies supported by similar results in a MERS-CoV recom-

binant partial spike protein antibody ELISA. The two negative Dubai camels were

both dromedary calves and remained negative over the 5 months studied. The six

dromedary samples from USA and Canada were negative in both tests. These

results support the recent findings that infection with MERS-CoV or a closely

related virus is not a new occurrence in camels in the Middle East. Therefore,

interactions of MERS-CoV at the human–animal interface may have been ongo-

ing for several, perhaps many, years and by inference, a widespread pandemic

may be less likely unless significant evolution of the virus allow accelerated infec-

tion and spread potential in the human population.

The Middle East respiratory syndrome coronavirus

(MERS-CoV) has been linked to severe human respiratory

disease starting in September of 2012 (van Boheemen et al.,

2012; Zaki et al., 2012). As of 27 December 2013, a total of

170 laboratory-confirmed human cases of infection with

MERS-CoV, including 72 deaths, are reported by the

World Health Organization (WHO) (WHO update 27

December 2013 accessed online). Most cases originated in

the Middle East, including Jordan, Kuwait, Quatar, Saudi

Arabia, Oman and United Arab Emirates, and due to the

findings of antibodies reacting to this virus, as well as

recent positive RT-PCR detection of fragments of the

MERS-CoV RNA, in dromedary camels, it has been

hypothesized that camels may be an original or intermedi-

ary host of the MERS-CoV (Butler, 2013; Haagmans et al.,

2013; Hawkes, 2013; Hemida et al., 2013; Kupferschmidt,

2013; Perera et al., 2013; Reusken et al., 2013a,b; de Wit

and Munster, 2013). Furthermore, a very recent online

report has indicated that antibody reactors have been pres-

ent in camels in Dubai, United Arab Emirates, going back

to at least 2003 (Meyer et al., 2014). However, due to lim-

ited amounts of the sera available to those authors, they

used a high starting dilution for their testing and that study

could consequently only detect strong antibody reactors,

and therefore, although older camels included in the study

indeed were found to be positive, the few young and rela-

tively young camels deemed as negative could indeed have

been positive albeit at a lower titre.
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To further study antibodies to the MERS-CoV, or to a

closely related coronavirus, present in the dromedary

camels in the Middle East for some time, we did serology

on 47 sera from 11 dromedary camels, 20 sera from three

sheep and 17 sera from 3 horses collected in Dubai in the

period from February/April to October of 2005. The details

of the studies from which these samples originated have

been described previously (Frederiksen et al., 2006; Wer-

nery et al., 2006; Alexandersen et al., 2008). The 11 drome-

daries are all from the Dubai Emirate and included two

dromedary calves born at the Central Veterinary Research

Laboratory and without any contact to other camels. For

comparison, we also tested sera from 6 dromedary camels

collected for export/import testing between Canada and

USA in 2000 and 2001; these camels most likely were

imported into North America from Australia in the mid-

to late nineties where such import was allowed. The Austra-

lian dromedary camel population has been geographically

separated from the camel populations of the Middle East

and Asia for close to one hundred years and consequently

provide a good control for our studies described here.

Before doing serology, we extracted RNA from an aliquot

of all the sera and tested them in a standard MERS-CoV

RT-PCR with negative results. The antibody detection tests

used heat inactivated sera and included a virus neutraliza-

tion test (VNT) starting at a serum dilution at 1 : 12 and

using standard methods as described previously for the

SARS coronavirus (Kobinger et al., 2007) on all the sera

and for the camel sera only also a MERS-CoV indirect anti-

body ELISA starting at a serum dilution of 1:100 and using

recombinant partial spike protein (S1 fragment, catalogue

number 40069-V08H from Sino Biological Inc., Beijing,

China, www.sinobiological.com) and a horseradish peroxi-

dase-labelled goat anti-camel immunoglobulin detection

antibody (product code V2023 obtained from Lillidale

LTD., Dorset, UK) using standard ELISA conditions as

described previously for detecting antibodies to, for exam-

ple, ebola virus proteins (Wong et al., 2012). All the sera

from sheep and horses were negative in VNT and the 6

North American dromedary camels were negative in both

tests. In contrast, all 33 samples collected from 9 dromedar-

ies from February to October 2005 had VNT titres of

1 : 24–1 : 384, and of these, 30 samples also had ELISA

titres of 1 : 200–1 : 6400. A single sample from each of

three individual camels was ELISA negative in February

and October, respectively, but these animals had a titre of

1 : 200–1 : 800 in the other samples collected in October.

All seven samples available from these three animals, 1 sam-

ple collected in February and the other six samples collected

2 weeks apart in October 2005, also had relatively low

VNT titres (1 : 24–1 : 96), and the single negative ELISA

results for each of these three dromedaries therefore corre-

lated with a low level of antibodies close to the detection

limit of the ELISA. The 14 samples collected from

two dromedary calves from April to October 2005 were

consistently negative for antibodies in both tests. Details of

the results can be seen in Table 1.

Although our results do not provide proof for the pres-

ence of MERS-CoV in dromedary camels, they do support

the finding (Meyer et al., 2014) that this virus, or a closely

related coronavirus, is not a new infection in dromedary

camels and likely has been ongoing for at least 10 years or

more. From the data available, it appears that young drom-

edary calves, at least under the conditions they were kept in

Dubai, are not antibody positive, while the older camels

studied all had been exposed and had antibodies before the

study started in February/April of 2005. None of the camels

in this study seroconverted or changed significantly in

regard to titre over the time period studied. Although lim-

ited in numbers, the dromedary calves were completely

seronegative while the older animals were seropositive.

Interestingly, the oldest camel in the study, a more than 20-

year-old female dromedary born in the Dubai Emirate as

an offspring of camels imported from Sudan (labelled

number 10 Sudani Lady in Table 1) had low titres relative

to other younger camels of between 4 and 11 years of age.

As seroconversion was not observed, one can only speculate

as to when, where and how the camels may have been

exposed to MERS-CoV or a closely related coronavirus.

The possibility exists that these camels, kept at the Central

Veterinary Research Laboratory grounds in Dubai and all

originating from the Dubai Emirate, may have been

exposed elsewhere or that these exposures may have taken

place at a time outside of the period studied (i.e. perhaps in

the period from November to February/March which hap-

pens to be the relatively cooler and more humid period in

Dubai) or even years earlier. From the data available here,

it appears that these exposures occurred at an age that is

between the age of the calves and the age of the young

adults. Although not directly comparable from laboratory

to laboratory, the VNT titres we observed in the seroposi-

tive dromedary camels sampled in Dubai in 2005 were in

the same order as described in recent sero-survey studies in

Saudi Arabia, Jordan and Egypt from 2010 to 2013 (Hemi-

da et al., 2013; Perera et al., 2013; Reusken et al., 2013a),

but much lower than described in an active outbreak inves-

tigation in Qatar from 2013 (Haagmans et al., 2013) and,

interestingly, also lower than what has been reported in

another study on camel sera collected in the Dubai Emirate

in 2003 and 2013, which however, only tested at high serum

dilutions (Meyer et al., 2014). Nevertheless, this may be

caused by differences in the details of the assays used or

potentially suggests that exposure/active infection of drom-

edary camels is not temporally homogeneous, but may

occur or be more widespread in some settings or some

years. If that is the case, the samples studied by Meyer et al.
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(2014) and collected in the Dubai Emirate in 2003 and

2013, as well as the outbreak investigation in Qatar in 2013

(Haagmans et al., 2013), may have included recently

infected dromedaries (with a high antibody titre) while our

Dubai camels may have been exposed some time before

2005, perhaps 2003 or even earlier, and not be a recent

event. If indeed widespread infection/exposure of drome-

dary camels only occurs in certain years or in special, as yet

undetermined, settings or conditions, that may explain why

the infection, if either transferred to humans from drome-

daries or under conditions similar to what may cause wide-

spread camel exposure perhaps by vectors, may have

remained undetected for this long. It is worth noting that 6

North American dromedaries bled in 2000/2001 were com-

pletely seronegative which in turn, as these animals most

likely originated in Australia, may suggest that the infection

is not established in the Australian/North American drom-

edary populations that have been separated from drome-

daries in the Middle East and Asia for almost one hundred

years or alternatively, but considered less likely if not unli-

kely, have got established in the camel population some-

time between year 2000 and 2005/2003.

This study detected the presence of antibodies to MERS-

CoV, or a closely related coronavirus, in dromedary camels

in the Middle East dating back to 2005 supporting and

extending findings reported by Meyers et al. online (Meyer

et al., 2014). Taken together, the data indicate that MERS-

CoV or a MERS-CoV-like virus did not emerge in camels

as recently as 2012 but rather is an occurrence that pre-

ceded 2005/2003. Consequently, this suggests that limited

spillovers to humans may have been occurring sporadically,

albeit undetected, for a longer period of time than currently

suspected. Provided that the virus has not recently acquired

additional potential for human infection and transmission,

these results may ease fears of an immediate widespread

pandemic in humans.
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