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Abstract
Background Middle East respiratory syndrome coronavirus (MERS-CoV) was identified in humans in 2012. Since 
then, 2605 cases and 937 associated deaths have been reported globally. Camels are the natural host for MERS-
CoV and camel to human transmission has been documented. The relationship between MERS-CoV shedding 
and presence of neutralizing antibodies in camels is critical to inform surveillance and control, including future 
deployment of camel vaccines. However, it remains poorly understood. The longitudinal study conducted in a closed 
camel herd in Egypt between December 2019 and March 2020 helped to characterize the kinetics of MERS-CoV 
neutralizing antibodies and its relation with viral shedding.

Results During the 100-day longitudinal study, 27 out of 54 camels (50%) consistently tested negative for presence 
of antibodies against MERS-CoV, 19 (35.2%) tested positive and 8 (14.8%) had both, positive and negative test results. 
Fourteen events that could be interpreted as serological indication of probable infection (two seroconversions and 
twelve instances of positive camels more than doubling their optical density ratio (OD ratio) in consecutive samples) 
were identified. Observed times between the identified events provided strong evidence (p = 0.002) against the null 
hypothesis that they occurred with constant rate during the study, as opposed to clustering at certain points in time. 
A generalized additive model showed that optical density ratio (OD ratio) is positively associated with being an adult 
and varies across individual camels and days, peaking at around days 20 and 90 of the study. Despite serological 
indication of probable virus circulation and intense repeated sampling, none of the tested nasal swab samples were 
positive for MERS-CoV RNA, suggesting that, if the identified serological responses are the result of virus circulation, 
the virus may be present in nasal tissue of infected camels during a very narrow time window.

Conclusions Longitudinal testing of a closed camel herd with past history of MERS-CoV infection is compatible 
with the virus continuing to circulate in the herd despite lack of contact with other camels. It is likely that episodes 
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Background
Middle East respiratory syndrome (MERS) coronavirus 
(MERS-CoV) is 1 of 3 major zoonotic coronaviruses to 
have emerged in the past 2 decades, along with severe 
acute respiratory syndrome coronavirus (SARS-CoV-1) 
and severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [1]. MERS-CoV was first identified in 
humans in 2012 in Saudi Arabia [2] and by August 2023, 
2583 laboratory-confirmed cases and 889 associated 
deaths have been reported globally, with a case-fatality 
ratio of 34.4% [3]. Camels are known to be the natural 
host for MERS-CoV [4–6] and camel to human transmis-
sion of MERS-CoV has been documented [6, 7].

The role of camels as a MERS-CoV reservoir is sup-
ported by high prevalence of MERS-CoV antibodies 
among dromedary camels from African countries (Ethio-
pia, Kenya, Nigeria, Sudan, Egypt and Tunisia) the Ara-
bian Peninsula (Jordan, Oman, Qatar and United Arab 
Emirates) and South Asia [4, 8–16]. Cross sectional 
studies of MERS-CoV in dromedary camels in Africa 
and Middle East have regularly found high prevalence of 
MERS-CoV neutralizing antibodies in camel populations. 
The results of studies attempting virus isolation, usually 
in nasal swabs, are less consistent, with examples of sur-
veys in endemic populations in which the virus was not 
isolated despite a large number of camels being tested 
[17–19]. The relationship between MERS-CoV shedding 
and presence of neutralizing antibodies in camels is one 
of several aspects of the epidemiology of MERS-CoV 
that remains poorly understood despite being critical 
to inform surveillance and control [20]. Previous stud-
ies have demonstrated that camels can shed MERS-CoV 
even in the presence of neutralizing antibodies [9]. Better 
insights into the dynamics of viral shedding and antibody 
levels and their relationship, ideally through longitudi-
nal studies of well-characterized camel populations, can 
help informing future surveillance and control programs, 
including future deployment of camel vaccines currently 
under development [21, 22].

This paper presents the results of a longitudinal study 
carried out between December 2019 and March 2020 in 
a closed camel herd in Matrouh Governorate, Egypt, with 
the aim of characterizing the kinetics of MERS-CoV neu-
tralizing antibodies and the dynamics of viral shedding.

Results
The distribution of OD ratios across the 540 samples 
shows a bimodal pattern suggestive of two distinct sub-
groups and skewed to the right due to a small number of 
very high values (Fig.  1). The distribution of OD ratios 
across sampling rounds (Fig. 2) shows that while median 
values remain relatively stable there is a certain undula-
tion in the highest OD ratios obtained along successive 
sampling rounds. The time series of OD ratios along the 
10 sampling rounds for all individual camels (Fig.  3), 
shows how adult females, which represent more than 
70% of the herd, account for most of the positive test 
results along the study.

The numbers and proportions of camels found to be 
positive at the first and last sampling rounds and the 
numbers showing only positive, only negative or both 
positive and negative results across all 10 sampling 
rounds are presented in Table 1, stratified by age and sex. 
At the time of the first visit, 26 of the camels (48%, n = 54) 
were found to be seropositive, whereas at the last sam-
pling, 23 of the camels (43%) were seropositive. During 
the study period, 27 camels (50%) always tested negative, 
19 (35.2%) always tested positive and 8 (14.8%) had both, 
positive and negative test results. Therefore, most of the 
camels that were seropositive on the first sample tested 
positive on all samples (19 out of 26). Of the remain-
ing seven camels, four tested positive in nine of the ten 
sampling rounds, one tested positive in seven, one tested 
positive in five and two camels tested positive in only one 
sampling round. Out of the 12 juvenile camels included 
in the study, only one tested positive (repeatedly in 
rounds 1 to 5, becoming negative from round 6 onwards).

The results of the logistic regression for the association 
of age and sex with odds of being seropositive at the first 
sampling round showed strong evidence of higher odds 
of being positive among adult camels, with a sex-adjusted 
odds ratio (OR) for the association with positive result 
on first sample of 18.23 (95% CI: 2.14-155.59). The data 
were insufficient to obtain reliable adjusted estimates 
for the association with positive result on last sample. 
Unadjusted associations showed evidence of a higher 
probability of being seropositive among adult camels 
(Chi-squared P = 0.0012) and no evidence of association 
with sex (Fisher’s exact P = 0.38).

We identified 14 events that, according to the assay 
manufacturer, would be interpreted as serological indica-
tion of probable infection. One such event was a camel 
negative on the first sampling round that seroconverted 

of MERS-CoV infection in camels can take place with minimal presence of the virus in their nasal tissues, which has 
important implications for future surveillance and control of MERS-CoV in camel herds and prevention of its zoonotic 
transmission.
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Fig. 2 Distribution of OD ratios across 10 sampling rounds from 54 camels from a single closed herd in Matrouh governorate, Egypt, from December 2019 
to March 2020. The thick black horizontal lines within the boxes represent the median OD ratio for each sampling round. The lower and upper limits of 
the boxes represent the 25th and 75th quartiles. The upper “whisker” extends up to the value of the 75th percentile plus 1.5 times the interquartile range. 
The lower “whisker” extends to the value of the 25th percentile minus 1.5 times the interquartile range

 

Fig. 1 Distribution of optical density ratios (OD ratios) among 540 samples obtained from 54 camels from a single closed herd in Matrouh governorate, 
Egypt, from December 2019 to March 2020 with sampling carried out 10 times at 10-day intervals. The darker area represents borderline values (≥ 0.8 to 
< 1.1, as per manufacturer’s instructions)
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in the second and remained seropositive thereafter. 
Another camel seroconverted from negative on sam-
pling round 7 to positive on sampling round 8, after hav-
ing tested positive in the first six sampling rounds. The 
remaining events were instances in which positive camels 
more than doubled their OD ratio in consecutive sam-
pling rounds. Three camels experienced two such events 
each, therefore the 14 events involved 11 individual cam-
els. The incidence rate was estimated as 2.59 “probable 
infections” per 1,000 camel-days at risk, considering that 
camels are at risk of experiencing an infection event even 
when they are seropositive and allowing for repeated 

episodes involving the same camel. The time series of OD 
ratios for these 11 camels is presented in Fig. 4.

The total number of unique pairs between the n = 14 
observed events, calculated as n*(n-1)/2, is 91. The 
observed inter-event times (observed number of days 
between the 14 events) are presented in Fig.  5 together 
with the expected distribution of inter-event times, 
should the rate of events be constant along the study 
period. The pattern of observed inter-event times shows 
a strong departure from the expected distribution if the 
rate was constant. This is in agreement with the results 
of the test for equality of mean and variance, which 
provides strong evidence against the null hypothesis 

Table 1 Number of camels found to be positive vs. negative on the first sample, the last sample and across all samples by age and sex 
group (n = 54 camels)

First sample positive Last sample positive All samples
All positive All negative Posi-

tive and 
negative1

Female (49)
Adult (38) 24 (63.2%) 22 (57.9%) 19 (50%) 13 (34.2%) 6 (15.8%)
Juvenile (11) 1 (9.1%) 0 0 10 (90.9%) 1 (9.1%)
All female 25 (51%) 22 (44.9%) 19 (38.8%) 23 (46.9%) 7 (14.3%)
Male (5)
Adult (3) 1 (33.3%) 1 (33.3%) 0 2 (66.7%) 1 (33.3%)
Juvenile (2) 0 0 0 2 (100%) 0
All male 1 (20%) 1 (20%) 0 4 (80%) 1 (20%)
Total 26 (48.1%) 23 (42.6%) 19 (35.2%) 27(50%) 8(14.8%)
1 Test results classified as borderline were considered negative

Fig. 3 Time series of OD ratios in 54 camels from a single closed herd in in Matrouh governorate, Egypt, from December 2019 to March 2020 with sam-
pling carried out 10 times at 10-day intervals. Results that fall between dashed lines are considered borderline
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(P = 0.002) that serological indication of probable infec-
tion occurred as a homogeneous Poisson process with 
constant rate during the study period. On the contrary, 
serological indications of probable infection clustered at 
specific times.

We did not find evidence of association between age 
or sex and the odds of serological indication of probable 

infection (P = 0.56 for age adjusted for sex and P = 0.82 
for sex adjusted for age), but the results should be inter-
preted with caution given the small number of events.

Despite the large fluctuations observed in some indi-
vidual animals, the seroprevalence remained relatively 
stable with a tendency to decline along the whole study 

Fig. 5 Frequency of observed and expected (assuming X ~ Exponential with rate = 14/9) distribution of times between serological indication of probable 
infection events (n = 14 events observed in 11 out of 54 camels from a single closed herd in in Matrouh governorate, Egypt, from December 2019 to March 
2020 with sampling carried out 10 times at 10-day intervals)

 

Fig. 4 Time series of OD ratios for 11 camels identified as having serological indication of probable infection from a single closed herd in Matrouh gov-
ernorate, Egypt, from December 2019 to March 2020 with sampling carried out 10 times at 10-day intervals. Camel 10 was negative on the first sampling 
round, seroconverted in the second and remained seropositive thereafter. Camel 8 seroconverted from negative on sampling round 7 to positive on 
sampling round 8, after having tested positive in the first six sampling rounds. The remaining camels experienced doubling of their OD ratio in consecu-
tive sampling rounds. The red dashed line represents the threshold for positive test result
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from a maximum of 48.1% in the first sample to a mini-
mum of 38.9% in the 8th sample (Fig. 6).

According to the definition of stability that was used 
(camels that tested positive at least once and in which the 
OD ratio did not increase by more than 100% or decrease 
by more than 50% at any point), only 4 of the 27 cam-
els that had positive tests would be considered as hav-
ing ‘stable’ antibody levels. Thirteen camels experienced 
both, an increase of more than 100% and a decrease of 
more than 50% in their OD ratios, ten camels experi-
enced a decrease of more than 50% and no camel experi-
enced only an increase of 100% in their OD ratio without 
a decrease of more than 50%.

The results of the generalized additive model are 
graphically displayed in Table  2. The OD ratio is posi-
tively associated with being an adult and there is evi-
dence of variation of OD ratio across individual camels 

and days, with values peaking around sampling rounds 2 
and 9 (Fig. 7).

None of the tested nasal swab samples was positive for 
MERS-CoV RNA, thus analysis of the RNA nasal shed-
ding dynamics was not possible. The probability that all 
tested samples were negative if there were 11 instances 
of viral shedding of duration between 1 and 7 days was 
obtained as the probability of 0 successes out of 110 tri-
als with probability of success of each trial of 1, 2, …, 7 
(days) over 100 (length of follow up). The results obtained 
are only moderately compatible with very short shedding 
durations of one or two days (Fig. 8).

Discussion
Longitudinal serological and virological testing of this 
closed camel herd has provided results that are, to some 
extent, conflicting. The decline in the proportion of 
seropositive animals over the last five years is not unex-
pected. This can be explained by the gradual replacement 
of old camels by newborn camels and is supported by the 
lower seroprevalence in juveniles, which can be expected 
to lose their maternal antibodies 5–6 months after birth 
[23]. If the serological indicators do in fact reflect infec-
tions that occurred during the study period, the negative 
results obtained for all nasal swabs are highly unlikely 
unless duration of shedding was very short. Active cir-
culation of the virus within the herd during the study 
period seems the more plausible explanation of the 
seroconversion of two negative camels and the marked 
increase in antibody levels of 9 camels that were already 
seropositive. However, the study has a number of limita-
tions that warrant caution when interpreting the results. 

Table 2 Results of a generalized additive model (GAM) of OD 
ratios with the individual camel as random effect, day as non-
parametric smooth term and age and sex as parametric terms
Parametric coefficients Estimate SE P
Intercept -1.2997 0.3393 0.000145
Age category

Adult 1.5773 0.3793 3.8e-05
Sex

Female 0.2020 0.5595 0.71829
Non-parametric smooth terms edf F P*
Day 6.427 6.467 9.76e-08
Individual camel 50.106 42.781 < 2e-16
* Approximate significance

Fig. 6 Proportion of negative, positive and borderline serological results by sampling round (results from the longitudinal study of 54 camels from a 
single closed herd in in Matrouh governorate, Egypt, from December 2019 to March 2020 with sampling carried out 10 times at 10-day intervals)
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A critical assumption in our study is that a doubling of 
OD ratios can be interpreted as “probable” seroconver-
sion. Although this interpretation is supported by the 
manufacturer, we did not test serial dilutions of posi-
tive samples, which would have provide additional reas-
surance of the appropriateness of the interpretation. 
Furthermore, positive samples were not subject to anti-
body-virus neutralization test to rule out cross-reactivity. 
With these limitations in mind, if the results represent 
a genuine increase in antibody levels in a relatively high 

proportion of the camels, the more plausible explanation 
would be re-infection, which has been shown to occur 
in camels with neutralizing MERS-CoV antibodies [20]. 
Although this is a closed herd and therefore reintroduc-
tions of the virus from camels can be ruled out, the pos-
sibility of farm workers bringing the virus into the herd 
cannot be excluded [24].

The hypothesis that MERS-CoV circulated in the herd 
during the study is supported by the systematic varia-
tion of OD ratios along the study period, with peaks at 

Fig. 8 Probability that all nasal swabs from animals experiencing serological indication of infection are negative for different shedding durations

 

Fig. 7 Smooths from the estimates of a Generalized Additive Model (GAM) with effect of time constant across age and sex (results from the longitudinal 
study of 54 camels from a single closed herd in in Matrouh governorate, Egypt, from December 2019 to March 2020 with sampling carried out 10 times 
at 10-day intervals)
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sampling rounds 2 and 9, as opposed to random fluctua-
tions, and by the clear pattern of inter-event times for 
seroconversions and marked increases in titers, which 
clearly departs from what would be expected if these 
were random fluctuations. It seems reasonable to rule 
out differences in handling or testing of samples between 
the different sampling rounds as an explanation for the 
observed pattern, as the two sampling rounds in which 
marked increases in individual titers concentrate do not 
show a general pattern of higher OD ratio across the 
entire population, with median OD ratios in weeks 2 and 
9 lower than for sampling rounds 1 and 7.

Despite indication of probable virus circulation and 
intense repeated sampling, we were unable to detect 
MERS-CoV material in any of the 540 nasal swabs col-
lected at the same time as the serum samples. Negative 
PCR results in high seroprevalence camel populations 
have been reported elsewhere [17–19] and could be 
explained by seasonal variations in the intensity of virus 
circulation and seropositivity being the result of past 
infections. However, in the presence of active infec-
tion in the population, negative PCR results can only 
be explained by the virus being present in nasal tissue 
of infected camels during a narrow time window, which 
has previously been reported [25]. In this study, only 
extremely short time windows of one or two days would 
be compatible with the 14 infection events found in 11 of 
the studied camels. Future studies could include assess-
ment of IgA in the saliva as a means of detection of acute 
infection.

Other possible explanation for the disagreement 
between serological and virological findings is the poten-
tial latent presence of the virus in an organ rather than 
the nasal tissues. This hypothesis is tentatively supported 
by unpublished observations where lymph node tissue 
from slaughtered camels were MERS-CoV PCR posi-
tive, while samples from the nasal cavity were negative 
(Sophie Von Dobschuetz, 2020, unpublished observa-
tions). Persistent infections in a variety of hosts have 
been documented for other coronaviruses [26]. Finally, 
cross-reaction with other coronaviruses could potentially 
explain the misalignment between serological and PCR 
results. While we think this is unlikely given the high 
specificity of the serological assay, we cannot rule out 
cross-reactivity induced by other coronaviruses such as 
bovine coronavirus as we did not carry out an antibody-
virus neutralization test on the positive samples. Assum-
ing that ELISA results were not strongly affected by 
cross-reaction with other coronaviruses, the study shows 
highly fluctuating antibody responses against MERS-
CoV which are compatible with two periods of increase 
antibody levels around the second and ninth sampling 
rounds (days 20 and 90), when most serological indica-
tors of probable infection were detected. No changes 

regarding distribution and movement of camels within 
the farm can explain this, which could be due to periods 
of virus circulation that we were unable to detect by PCR. 
Alternative explanations could be, as explained above, 
cross-reactions and inter-assay variation due to changes 
in handling, processing and testing of samples, but we 
consider this last explanation to be unlikely.

The study has a number of limitations. First, although 
this closed herd offered the opportunity of studying in 
detail a group of camels kept under the same conditions 
and without contact with other animals, the study popu-
lation was small and this limited our ability to study dif-
ferences by gender or physiological status (e.g. gravid or 
lactating). Furthermore, as indicated above, serological 
investigations should ideally use additional serological 
assays and not rely only on one test, in particular, positive 
samples were not subject to antibody-virus neutraliza-
tion test and therefore, despite the reported high accu-
racy of the ELISA test, cross-reactivity induced by other 
coronaviruses can not be ruled out.

Finally, our assumption that the serological responses 
identified in this study are in part due to some level of 
viral circulation during the study period is not supported 
by the lack of positive PCR results in nasal swabs, occa-
sional brief periods of viral shedding seem to us a reason-
able explanation for the serological pattern observed but 
this hypothesis has to be further investigated.

Conclusions
Longitudinal serological and virological testing of a 
closed camel herd with past history of MERS-CoV infec-
tion suggests that the virus may have continued to circu-
late in the herd despite lack of contact with other camels 
since its last detection five years earlier. The findings are 
compatible with episodes of MERS-CoV infection in 
camels taking place with minimal presence of the virus 
in their nasal tissue, which has important implications for 
future surveillance and control of MERS-CoV in camel 
herds and prevention of zoonotic transmission.

Methods
Study population and approach
This longitudinal study is carried out in a single closed 
camel herd at a research farm in Matrouh Governorate 
(located in the Northwest coastal region of Egypt), from 
December 2019 to March 2020. The same farm was sub-
ject to a previous investigation in 2015–2016 when 93% 
of camels had MERS-CoV RNA in nasal swabs by RT-
PCR [27]. This was followed by a rapid decline in the 
number of PCR positive camels with no more positive 
results between July 2015 and February 2016, the time of 
the last visit.

At the beginning of the current study (26th December 
2019), the herd was composed of 66 camels (58 females 
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and 8 males). The last date when camels had been pur-
chased was 2009. In the farm, breeding occurs naturally 
and there is no contact with animals outside of the farm. 
The herd can therefore be considered a closed herd. Male 
camels are occasionally sold to other farms and milk is 
sold at the farm gate directly to consumers. Camels from 
this herd did not participate in any events (festivals), the 
workers of the farm had no regular contact with other 
camels outside the farm and no animals had respiratory 
signs on the date of first visit. In the farm, camels use the 
same feed and water troughs. At the time when the study 
was conducted, visitors were allowed to enter the camel 
yard without taking any biosecurity measures. A sketch 
of the farm layout is presented in Fig. 9 below.

Out of the 66 camels present in the herd at the time 
of the first visit, 54 were included in the study. Of these, 
49 were females (38 adults and 11 juveniles) and five 
were male (three adults, one juvenile and one neonate). 
Twelve camels for which it was felt the sampling proce-
dure would be too stressful given their general health and 
physiological status (pregnancy) were excluded.

During the study period (26th December 2019 to 18th 
March 2020), sera and nasal swabs were collected from 
all the 54 camels every 10 days, resulting in a total of 540 
samples after the 10 rounds of sampling. Sera and nasal 
swabs were collected concurrently, on the same day.

Specimen collection
Blood (10ml) samples were collected by jugular veni-
puncture in plane vacutainer tubes and sera harvested 
and coded with the specific animal/sample identification 
number and date. The sample tubes were kept at + 4  °C 
and transported to the Animal Health Research Insti-
tute (AHRI) using leak-proof transport cool boxes. Nasal 

swab specimens were collected as per the prescribed 
procedure [28] and placed directly into pre-labelled 2ml 
screw top cryovials containing 500  µl of TRIzol®. The 
cryovials were placed in boxes and kept at + 4  °C for 
transport.

Serological testing
All serum samples were tested for the presence of anti-
MERS-CoV (S1 subunit) IgG using a commercial IgG 
rS1-ELISA assay allowing classification of samples as 
positive, borderline or negative based on their ELISA 
optical density (OD) ratios. The ELISA assay was carried 
out and interpreted following the manufacturer’s instruc-
tions (rS1-ELISA, Euroimmun) at the AHRI facilities. 
Accordingly, titer increases exceeding factor 2 and/or 
seroconversion in follow-up samples were interpreted as 
possible evidence of acute infection.

Molecular testing
Real-time reverse-transcription polymerase chain reac-
tion (rRT-PCR) was used to detect the virus genetic 
material. RT-PCR tests conducted include an assay tar-
geting upstream of the E protein gene (upE) and assays 
targeting the open reading frame 1b (ORF 1b) and the 
open reading frame 1a (ORF 1a) [29]. Initial screening 
was performed using the sensitive upE protocol. Any 
positive sample was planned to subsequently be tested 
with the ORF1a, ORF1b or N gene. The cycle threshold 
cut-off point was determined using a standard curve 
determination. Molecular testing was carried out at the 
AHRI laboratory.

Fig. 9 Layout of camel farm in Matrouh governorate, Egypt, where a longitudinal study of MERS-CoV in the camel herd (n = 66 camels) was carried out 
between December 2019 and March 2020
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Data analysis
Sequential serological test results were used to derive 
a number of parameters to monitor the kinetics of anti 
MERS-CoV antibodies (Table 3).

Chi-square and Fisher’s exact tests were used to assess 
univariate associations between age group and sex and 
(i) serological status at the start of the study (sampling 
round 1), (ii) serological status at the end of the study 
(sampling round 10) and (iii) serological indication of 
infection. Adjusted associations of age and sex with each 
of the three outcomes were assessed by means of logistic 
regression.

The hypothesis that serological indication of infection 
events take place randomly along the study period (as 
opposed to clustered in time) was assessed by fitting a 
homogeneous Poisson process to the data and testing for 

equality of mean and variance. The observed inter-event 
times were obtained and displayed together with the 
expected inter-event times under homogeneous Poisson 
process with constant rate along the study period.

A generalized additive model (GAM) with the indi-
vidual camel as random effect, day as non-parametric 
smooth term and age and sex as parametric terms was 
used to model the relationships between these vari-
ables and the OD ratio. Restricted Maximum Likelihood 
(REML) was used to estimate the smoothing parameters.

All analyses were performed in R version 3.6.0, GAM 
was done using the package mgcv.

Abbreviations
MERS  Middle East respiratory syndrome
MERS-CoV  Middle East respiratory syndrome coronavirus
OD ratio  Optical density ratio
OR  Odds ratio
SARS-CoV-1  Severe acute respiratory syndrome coronavirus
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
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Table 3 Parameters derived from sequential serological testing 
of 54 camels on 10 rounds at 10-day intervals
Parameter1 Level, number of 

values (unit)
Definition / calculation

Duration of 
seropositivity

Individual camel level, 
single value across 
all sampling rounds 
(days).

Number of consecutive 
rounds when camel tested 
positive*10 days.

Antibody level 
increase (serologi-
cal indication of 
infection)

Individual camel level, 
9 values, one for each 
sampling round ex-
cept the first (binary 
event).

When, in the current sam-
pling round, either status 
of camel changes from 
seronegative to seroposi-
tive or the OD ratio more 
than doubles compared 
to that of the previous 
sampling round.

Number of posi-
tive tests

Individual camel, 
single value across 
all sampling rounds 
(discrete number of 
events from 0 to 10).

Total number of sam-
pling rounds when the 
camel was found to be 
seropositive.

Incidence rate2 Whole herd, single 
value across all sam-
pling rounds (cases 
per camel days at 
risk).

Number of new “cases” 
observed during the entire 
follow-up period over the 
cumulative sum of camel’s 
time at risk, with a “case” 
being an antibody level 
increase as defined above.

Antibody level 
stability

Camel, single value 
across all sampling 
rounds. Only assessed 
for camels that tested 
positive at least once 
(binary event).

A camel is considered 
to exhibit antibody level 
stability if its OD ratio did 
not increase by more than 
100% or decrease by more 
than 50% during the study 
period.

Seroprevalence Sampling round 
for whole herd 
(proportion).

Number of camels found 
to be seropositive at a 
given sampling round over 
the total number of camels 
tested at the same round.

1 Borderline considered negative.
2 Cumulative sum of camel time at risk obtained assuming that a camel is always 
at risk of experiencing antibody titer increase.
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