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AbstrAct
Animal production is important for the agricultural 
economy in low-income countries, but is threatened 
by infectious diseases. Serosurveys are conducted for 
different reasons such as disease detection, risk factor 
studies, disease monitoring and establishing disease-
free status. Most reports on such serosurveys include 
some discussion about methodological constraints but 
still, by necessity, rely on serological results for case 
definition. This study uses a cross-sectional serosurvey 
for foot-and-mouth disease (FMD), Rift Valley fever (RVF) 
and contagious bovine pleuropneumonia (CBPP) in cattle 
in three districts in Western Uganda to illustrate the 
limitations of this approach, addressing the questions of 
what flaws can be expected in sampling and diagnostics 
and how these influence the results. The target was to 
collect blood samples from 60 cattle herds per district. 
To reflect the recent infection history of the herd, young 
animals (two to five years) were prioritised. The farmers 
were interviewed about management, cattle trade, 
cattle health and vaccination. Commercial ELISAs were 
used for serological analyses: for CBPP the IDEXX CBPP 
Mycoplasma mycoides subspecies mycoides antibody 
test kit, for RVF the ID Screen Rift Valley Fever competitive 
ELISA, and for FMD the PrioCHECK FMDV NS. Apparent 
prevalence, true prevalence and associations with herd 
characteristics were assessed. The sampling plans could 
not be entirely fulfilled, nor the number of tests run in 
the laboratory. There were reactors to all three diseases 
with an apparent prevalence of approximately 30 per 
cent for CBPP, 6 per cent for RVF and 7 per cent for FMD. 
Calculation of true prevalence based on test sensitivity and 
specificity resulted in a slightly higher prevalence figure 
for CBPP and lower figures for RVF and FMD. The study 
illustrates the importance of considering diagnostic test 
performance when interpreting results from serosurveys, 
and the challenge of representative sampling and 
laboratory work in low-income countries.

IntroduCtIon
In low-income countries, infectious diseases 
threaten livestock production via direct 
effects for the farmer as well as other actors in 
the complex value chains of animal products.1 
Outbreaks of transboundary animal diseases 
may have additional consequences for the 
farmers due to trade restrictions and, in addi-
tion to clinical surveillance, serosurveillance 

is often conducted to establish disease status.2 
The methodological challenges in associa-
tion with sampling design, collection and 
transport of samples and diagnostic test char-
acteristics are exacerbated in poor-resource 
settings. Although this is well known to most 
researchers working in such settings, some 
aspects may not be obvious to others and 
published data may be misinterpreted or not 
sufficiently questioned or validated. Hence, 
there is a gap between advanced epidemio-
logical research and basic descriptive studies 
in resource-poor settings.

The bovine disease spectrum in Uganda is 
similar to many other sub-Saharan African 
countries and dominated by infectious 
diseases. Foot-and-mouth disease (FMD) is 
controlled by vaccination and quarantine, 
but inadequate vaccination coverage leads 
to repeated outbreaks.3 4 Moreover, there are 
indications of the presence of FMD in animal 
species (goats, sheep) that are not routinely 
included in vaccination campaigns.3 Conta-
gious bovine pleuropneumonia (CBPP) is 
present in Uganda, although apparently 
under-reported.5 6 The disease is controlled 
by vaccination and movement restrictions, 
but vaccination was not in place at the time 
of the study.7 Rift Valley fever (RVF), which is 
mainly vectorborne, is endemic in the neigh-
bouring countries Kenya and Tanzania and 
some parts of Uganda have been defined as 
suitable for RVF spread.8 Vaccination is used 
to control RVF in endemic regions but was 
not in place in the study area at the time of 
the study.7 Serological reactions to RVF virus 
(RVFV) were identified in goats in areas 
close to the study region in 2009–20119 and 
in 2016, after this study was conducted, RVF 
was reported south of the study region, first in 
humans and later in animals.6 10 In November 
2017, RVF was confirmed in two people in the 
districts of Mityana and Kiboga, east of the 
study area.11
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While CBPP, RVF and FMD differ in transmission 
routes, host range and probability of transmission 
between herds, they are all highly relevant for cattle 
production and recognised by most farmers, not least 
due to the usually obvious clinical signs. As the diseases 
are subject to official control and/or governed by trade 
guidelines, serosurveillance is relevant for monitoring.

The aim of this study was to illustrate the caveats of using 
serological surveys for assessment of prevalence and risk 
factors for animal diseases in resource-poor settings using 
a serosurvey for CBPP, RVF and FMD in three districts in 
Western Uganda as an example. The research questions 
were: what flaws can be expected in sampling and diag-
nostics and how do these influence the results?

MaterIals and Methods
sampling
In 2015, we investigated the seroprevalence of CBPP, 
RVF and FMD in parallel with a study on biosecurity 
practices among cattle farmers in Western Uganda.12 
The selection of herds was made as previously 
described12 and summarised below. The study area 
included the districts Kabarole, Kamwenge and Kasese 
in South-Western Uganda, an important area for live-
stock production (Fig 1a–c). Each district is organised 
in the administrative units of subcounties divided in 
parishes that are further divided in villages. A ‘village’ 
is an administrative term that is not reflected in any 
obvious clustering of people or animals.

The study used a cross-sectional design. For sample size 
estimations, district cattle population sizes from the live-
stock census13 and herd size estimations from each district 
veterinary officer (DVO) were used (see Table 1). Prior 
assumptions about true prevalence were based on litera-
ture data.5 9 14 For calculation of the sample size to esti-
mate herd prevalence, the online tool Epitools ( epitools. 
ausvet. com. au) was used. Confidence levels of 95 per 
cent and 1–10 per cent precision, herd sensitivity (HSe) 
and herd specificity (HSp) in the range of 0.7–0.999 and 
true prevalences from 0.1 to 30 per cent were evaluated. 
A total sample size of 180 herds, that is, 60 per district, 
was decided upon, based on what would be practically 
feasible and allow a reasonably precise prevalence esti-
mation. Epitools was also used to calculate the number 

of animals to be tested in a herd to detect at least one 
positive animal. Herd sizes between 10 and 100, based 
on previous information about the herds in the three 
districts, were evaluated with a confidence level of 95 per 
cent, desired HSe of 95 per cent and test sensitivity of 98 
per cent. The final sample size was: all animals in herds 
with up to 20 cattle; 20 animals in herds with 21–50 cattle; 
and 30 animals in herds with more than 50 cattle.

A two-stage selection process was used, with a simple 
random selection of 30 villages in each district followed 
by a random selection of two herds per village using the 
random number function in Microsoft Excel (Microsoft, 
Redmond, USA). In Kasese district, the DVO reported 
that 75 per cent of the initially selected villages had no 
cattle. Instead, a purposive sample of the remaining 
villages which the DVO confirmed had at least two 
cattle herds was made, geographically spread over 
the district. Each selected village was visited by a local 
veterinary officer or veterinary assistant. A sampling 
frame was created by asking the village chairperson to 
list all farmers owning at least two cattle. Herds were 

FIG 1: Maps of study area showing the location of positive and negative cattle herds (a, contagious bovine pleuropneumonia 
[CBPP]; b, Rift Valley fever [RVF]; c, foot-and-mouth disease [FMD]) in a serosurvey conducted in 2015.

TABLE 1: Number of herds and herd sizes as provided in 
official statistics,13 estimated by DVOs in 2015 and originally 
sampled in 201512

Kabarole Kamwenge Kasese

Official statistics

Number of herds 15,530 14,100 5530

Mean (median) herd size 4.3 (3) 8.6 (4) 17.6 (11)

DVO estimates

Number of cattle 60,000 120,000 100,000

Mean (range) herd size 15 (1–200) 12 (1–100) Not given

Sampled herds

Number of herds 55 49 40

Herd sizes

  <11 46 27 9

  11–50 9 17 20

  51–100 0 3 9

  >100 0 2 2

DVO, district veterinary officer. 
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subsequently visited from January to March 2015 by 
the second author and a team of local veterinary offi-
cers and veterinary assistants. A simple random sample 
of two herds was made from the village list by drawing 
pieces of paper with farmer names from a bowl. The 
farmers were visited, informed about the study and 
asked to participate. In Kamwenge district, due to few 
local team members and poor road conditions, selec-
tion of the first farmer was instead made by driving five 
minutes from the village centre and asking the nearest 
farmer with at least two cattle if (s)he was willing to 
participate and, if not, the next farmer in that direction 
was asked until two farmers were recruited. In total, one 
farmer declined to participate.

The teams were informed about the study before 
recruiting farmers, and further trained before sampling 
and data collection. Where possible, young animals 
(5–24 months) were prioritised for sampling to reflect 
the recent infection history of the herd. Blood samples 
were kept in a cool box until centrifuged and transferred 
to a freezer (exact temperature varied but always below 
the freezing point). Sera were transported to the labora-
tory at Makerere University in Kampala, where samples 
were stored in −20°C or −80°C until analysed. During the 
farm visit, the farmer was also interviewed about manage-
ment and cattle health.12 Unless the farmer suggested 
communication in English, information and interviews 
were conducted in the local language (Lutoro, Luchiga 
or Lukonzo).

serological assays
Serum samples were analysed at Makerere University in 
Kampala using commercial ELISAs. For CBPP, the IDEXX 
CBPP Mycoplasma mycoides subspecies mycoides antibody 
test kit (IDEXX Laboratories, Westbrook, USA) was 
used, for RVF the ID Screen Rift Valley Fever competitive 
ELISA (IDvet, Grabels, France), and for FMD the Prio-
CHECK FMDV NS (Thermo Fisher Scientific, Waltham, 
USA). The assays were run according to the manufac-
turers’ instructions and using the recommended cut-offs 
for test interpretation. Samples were randomly assigned 
to different plates using the random number generator 
in Microsoft Excel (Microsoft), that is, samples from the 
same herd were not systematically allocated to the same 
plate. For each test, the positive and negative controls 
were compared for all plates to assess if there was any 
between-plate variation.

statistical analyses
Data management and statistical analyses were performed 
in the statistical package R, V.3.2.2 and V.3.2.5.15 For each 
disease, a herd was defined as positive if at least one 
animal had a positive test result. Descriptive statistics were 
produced and apparent herd prevalence with exact bino-
mial confidence intervals was calculated. The median was 
used in place of the mean values of all continuous vari-
ables that were skewed. For each disease, the interview 
variables from farmers with positive herds were compared 

with those from negative herds by the Wilcoxon rank-sum 
test (continuous) or the Fisher’s exact test (categorical).

True prevalence was estimated from a mixed logistic 
model (by ‘glmer(infected~(1|herd),family=binomial)’ 
in R) with herd as random effect to account for clus-
tering. Based on the model, true prevalence of individ-
uals, with 95% CIs, was calculated using the formula:

  TP =
AP−(1−Sp)
Se−(1−Sp)   

where TP denotes true prevalence, AP denotes apparent 
prevalence, Se denotes sensitivity and Sp denotes speci-
ficity.16 Herd prevalence was then calculated as:

  
TPHerd = 1− 1

H

H∏
i=1

(
1− TPi

)ni
  

where H denotes the number of herds and ni denotes 
the number of sampled individuals in herd i. All indi-
vidual results were thus recalculated, and then true herd 
level prevalence was calculated. The true herd prevalence 
hence depends on the actual number of sampled indi-
viduals and should be interpreted as an average over all 
herds. Lower and upper limits of CIs for true prevalence 
were calculated using lower and upper limits of AP using 
the same formulas above. Since true prevalence is closely 
linked to both sensitivity and, in particular, specificity of 
the ELISA, true prevalence was calculated for sensitivities 
of 0.8, 0.9, 0.95 and 0.99 and for specificities in the range 
from 0.95 to 1. In addition, true prevalence was calcu-
lated for sensitivity and specificity of the tests according 
to the most recent reports in the literature.17–19

results
Details of the sampled herds have been reported previ-
ously.12 Herd sizes as assumed before sampling and actual 
herd sizes of the study herds are shown in Table 1. In 
total, 138 of the herds had young individuals and were 
included in the current study. Most herds (71.5 per cent) 
consisted of up to 20 animals. Serum was collected from 
a total of 899 young cattle. In 20 herds, fewer cattle than 
planned were sampled because animals escaped, died, 
had been sold or could not be handled. The number of 
analysed samples was lower than intended for RVF and 
CBPP due to invalid ELISA runs/plates. A problem with 
the distilled water in the lab was identified and rectified 
but for practical and economic reasons the plates could 
not be replaced.

More than 70 per cent of the farmers were satisfied with 
the health status of their cattle. Notably, more than 30 
per cent of the 138 farmers reported abortions and more 
than 50 per cent reported cattle deaths. Some farmers 
reported previous CBPP cases and it appeared that most 
would recognise the typical signs of all three diseases. The 
median number of abortions and the median number of 
dead cattle were higher in herds that were test positive 
for RVF and CBPP (P<0.01). In addition, the propor-
tion of herds that had experienced abortions was higher 
among those test positive for CBPP than among test-neg-
ative herds (P<0.05).
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apparent prevalence
The number of tested herds and cattle as well as the 
number of positives and apparent herd prevalence are 
presented in Table 2. The locations of positive and nega-
tive herds are shown in Fig 1a–c. For CBPP, there was a 
higher proportion (P<0.01) of positive herds in Kasese 

district (24 of the 38 positive herds). For RVF and FMD, 
there was no difference between districts. No farmer 
responded that they had vaccinated against CBPP and no 
RVF vaccination had reportedly been carried out in the 
area, but 10 farmers in Kasese district stated that their 
cattle had been vaccinated against FMD. Two of these 
farmers each had one test-positive animal. The last vacci-
nation campaign in Kasese was in 2013, and in Kabarole 
in 2004. In Kamwenge, no vaccination had been carried 
out for at least seven years.

There was very little between-plate variation for the 
positive and negative controls of all three tests.

estimated true prevalence
The calculated true herd prevalence is presented in  
Fig 2 for all three diseases. Test sensitivity did not affect 
the true prevalence as much as test specificity. An increase 
in specificity from 0.95 to 0.99 could result in an increase 
of 0.01–0.12 in the figures for estimated true herd prev-
alence (Fig 2).

Using literature estimates of 0.8 sensitivity and 0.98 
specificity for the CBPP test19 yielded a true herd preva-
lence of 37.0 per cent (95% CI 29.5 to 44.1). A sensitivity 
of 0.98 and a specificity of 0.99 for the RVF test18 yielded 
a true herd prevalence of 3.6 per cent (95% CI 0 to 9.7). 
Finally, a sensitivity of 0.99 and a specificity of 0.98 for the 
FMD test17 yielded a negative estimate (since the AP is 
less than [1-Sp]).

TABLE 2: Number of tested and seropositive herds and 
individual cattle from three districts in Western Uganda 
in 2015. A herd was classified as positive if at least one 
individual tested positive

CBPP RVF FMD

Tested herds (n) 126 122 138

Tested cattle (n) 640 456 899

Median number 
of tested cattle 
per herd (Q1; 
Q3)*

3 (2; 7) 3 (1; 2.75) 4 (2; 9.75)

Positive herds 
(n)

38 7 12

Positive cattle 
(n)

66 9 12

Apparent HP 
(95% CI)†

30.2 (22.3% to 
39.0%)

5.7 (2.3% to 
11.5%)

8.7 (4.6% to 14.7%)

*First and third quartiles.
†Apparent herd prevalence with exact binomial CI.
CBPP, contagious bovine pleuropneumonia; FMD, foot-and-
mouth disease; RVF, Rift Valley fever. 

FIG 2: Results from calculations of true herd prevalence based on serological results for contagious bovine pleuropneumonia 
(CBPP), Rift Valley fever (RVF) and foot-and-mouth disease (FMD) and with varying test sensitivity and specificity.
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dIsCussIon
sampling
In this study, much effort was made to achieve a repre-
sentative sample but existing infrastructure did not 
always allow for the planned strategy. Fig 1a–c indi-
cates a fairly even geographic distribution of samples in 
Kabarole but not in Kamwenge and Kasese. Random or 
geographic selection of villages was made in all districts 
to avoid geographic bias. However, assessment of such 
bias would have required knowledge of the geographic 
distribution of the entire cattle population and this infor-
mation was not available. Official statistics on the live-
stock population are outdated and the DVOs could not 
provide precise estimates. Moreover, herd size figures 
are difficult to obtain in the study area due to cultural 
barriers. Hence, herd size estimates were made on the 
spot. The farmers were asked about herd size but not 
for exact figures. Herd size categories based on this esti-
mation are shown in Table 1. Serology reflects historical 
exposure and the aim was to test young individuals, but 
as individual identifiers are not generally applied to cattle 
in the study area, farm records are rare, and animal body 
sizes depend on nutritional status, it is possible that some 
animals were incorrectly classified as young. Backward 
calculation from the actual sample sizes obtained and 
comparison with the target sample size showed that the 
reduced sample size resulted in a slightly poorer preci-
sion (12 per cent instead of 10 per cent).

Farmer interviews
Good language skills among the local staff permitted 
communication with the farmers in their local language. 
However, cultural barriers were found to exist as regards 
some information, for example, exact herd sizes, that 
could not be asked for directly.

Most farmers stated that they were satisfied with their 
animal health status, despite reporting health problems. 
In a naïve population, the three infections under study 
would be expected to produce clinical signs and affect 
herd health. Based on previous experience12 most farmers 
in the area perceive some deaths and abortions/repro-
ductive failures as ‘normal’ and not necessarily a cause 
for dissatisfaction with herd health. Hence, farmers’ esti-
mates of herd health status may not be very useful as an 
indicator of disease prevalence in passive surveillance.

disease prevalence
Several farmers stated that they had experienced CBPP 
in their herd. Presumably, this diagnosis was made based 
on typical symptoms. CBPP appears to be endemic in 
Uganda5 6 and the estimated prevalence (Table 2) would 
thus appear realistic.

The results could indicate that RVFV is present at low 
level (Table 2). In theory, some regions in Uganda have 
conditions that would favour RVF outbreaks as regards 
climate, landscape, vector population, livestock produc-
tion and other risk factors.8 Serological reactions to RVF 
have been reported in goats9 and human cases of RVF 

have been reported after the study period.10 11 In the light 
of this, our results most likely indicate the presence of 
RVFV in the study region.

The NS ELISA detects antibodies to non-structural 
proteins of the FMD virus and can distinguish between 
antibodies from vaccination and those from natural 
infection. However, serological reactions are commonly 
seen in animals vaccinated with insufficiently purified 
vaccines. Serological reactions to FMD and isolation of 
SAT1-type FMD virus from apparently healthy animals 
have been reported in Kasese district in samples taken in 
2011.20 SAT1 virus has been found in African buffalo,20 
and wildlife from Queen Elizabeth National Park live 
close to (intermingled on pasture) livestock in Kasese. 
Four out of the 12 positive herds in the current study 
were from Kasese. During the period from 2001 to 2008, 
up to 311 FMD outbreaks were reported in Uganda.21 It 
would hence not be unlikely to find seropositive animals 
in the current study area that had been introduced from 
another region in Uganda. In our opinion, the results do 
not indicate any circulation of FMD virus in the sampled 
herds.

test characteristics
By using the described sampling and testing strategy, 
prevalence within the herd cannot be assessed. HSe and 
HSp become complicated to calculate when the numbers 
of tested individuals per herd vary, even though the 
cut-off for positive herd was one positive individual for all 
herd sizes and all studied diseases. This testing approach 
is common when many herds of varying size are sampled 
and all animals cannot be included in the survey. As 
seen in Fig 2, the sensitivity and specificity of the test are 
very important for the ability to provide a correct esti-
mate of the true herd prevalence. The test results (AP) 
lie within the 95% CI of the true prevalence estimates 
based on reported test characteristics for RVF and CBPP. 
The negative estimate for FMD suggests that the speci-
ficity is higher than the 0.98 estimate from Brocchi et al.17 
Although the serological results appear to roughly reflect 
the true prevalence, the difference between the AP and 
the estimated true prevalence indicates that they should 
be interpreted with caution, particularly for FMD. The 
use of herd-level interpretation and not individual inter-
pretation was based on the expected clustering on herd 
level of infectious diseases and hence common practice 
for diagnostic testing for many such diseases. The test 
manufacturers usually do not provide direct figures for 
test sensitivity and specificity but, in addition to the more 
recent studies cited above, refer to some earlier studies 
for the CBPP and FMD tests.22–24 However, we elected to 
use the most recent studies that clearly assess the exact 
same tests as we used.

In theory, if all FMD test-positive individuals (n=12) 
were false positives, the specificity for the FMD ELISA 
would be 887/899=98.7 per cent. If all RVF test-positive 
individuals (n=9) were false positives, the specificity for 
the RVF ELISA would be 447/456=98.0 per cent. False 



Open Access

6 Sternberg Lewerin S, et al. Vet Rec Open 2018;5:e000273. doi:10.1136/vetreco-2017-000273

positives are possible for all three tests but, as discussed 
above, it is still likely that some were true positives.

technical challenges
Laboratory work in low-income countries brings addi-
tional challenges such as frequent power cuts and vari-
ations in room temperature that may affect test perfor-
mance and quality of stored material (samples and 
test ingredients). National reference laboratories are 
expected to have quality assurance systems that address 
these problems but many studies are conducted under 
more challenging circumstances and, in addition, labo-
ratory quality assurance systems cannot compensate for 
weaknesses in sampling and/or handling of samples. 
Transportation of samples is usually necessary, as well-
equipped laboratories are rare in rural areas. In this 
study, we had to rely on cool boxes during transportation 
and storage of serum in freezers with varying tempera-
ture. Such temperature variations may affect sample 
quality, at least in the long run, but cannot be avoided in 
most resource-poor settings.

Random allocation of samples to test plates addresses 
the risk of bias due to differences between test runs. 
Variation between plates may be an indicator of poor 
performance or simply an effect of uneven distribution 
of positive samples between plates. Performance must 
be checked by comparison of the control samples on the 
different plates.

Wider implications
The presence of FMD, RVF and CBPP affects livestock 
export opportunities. Our results highlight the impor-
tance of diagnostic test performance when assessing 
disease status. In theory, calculations of true prevalence 
should always be included in reports on serosurveys but 
this is not always the case. In areas that are expected to be 
free of disease, confirmatory testing of positive samples is 
usually performed to eliminate false positives. However, 
this leads to a reduction in overall sensitivity and, conse-
quently, a higher risk of false negatives and premature 
declaration of freedom. Hence, it is important to include 
all aspects listed in OIE World Organisation for Animal 
Health guidelines for declaration of disease-free areas2 
in the assessment. In a situation where the aim is disease 
eradication, the initial focus is on eliminating false nega-
tives, the concern over false positives is more relevant 
in the final stages of disease eradication. If the aim is to 
compare cases and non-cases, for example, for risk factor 
studies, test interpretation and case definition become 
even more important. As calculations of true prevalence 
cannot compensate for misclassification of cases and 
non-cases, risk factor studies should ideally use more 
than one criterion for case definition. This may be in the 
form of combining results from different or repeated 
tests and/or clinical assessment.

In conclusion, test characteristics are crucial for the 
interpretation of results from serosurveys, particularly 
in resource-poor settings where additional challenges 

may affect test performance. Calculations that take these 
factors into account should be applied to a larger extent 
in such studies and case definitions should be based on 
more than a single serological result. Moreover, sampling 
should, as far as possible, be based on sample size calcu-
lations. In the absence of animal registers, sampling 
frames should be created manually in real time. All 
these aspects should be addressed and elaborated when 
publishing data from serosurveys, especially in resource-
poor settings.

definitions
Individual prevalence=number of positive individuals/
number of sampled individuals.

Herd prevalence=number of positive herds/number of 
sampled herds.

Apparent prevalence=number of test positive/number 
of sampled.

True prevalence=number of truly positive/number of 
sampled.

Seroprevalence=prevalence figures based on serolog-
ical results (reflecting seroconversion).

Test sensitivity=number of test-positive samples/
number of truly positive samples.

Test specificity=number of test-negative samples/
number of truly negative samples.

Herd sensitivity=number of test-positive herds/number 
of truly positive herds.

Herd specificity=number of test-negative herds/
number of truly negative herds.

ethICal aspeCts
Informed consent was given (orally) by all participants 
after they were informed about the study and that their 
identities were not to be included in any reports. Samples 
were taken under the direct supervision and mandate of 
the DVOs (Ugandan Animal Disease Act, Chapter 38, 
part III, point 9). Any farmer who declined to participate 
at recruitment or had a change of mind at the farm visit 
was removed from the study. It was stressed to the local 
team that participation was voluntary and farmers should 
not be forced or persuaded to participate. The results 
from the study have been shared and discussed with the 
DVOs and representatives from the Ugandan Ministry of 
Agriculture, Animal Industry and Fisheries.13
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