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ABSTRACT 

 

Caprine arthritis-encephalitis (CAE) is one of the most important viral diseases of 

goats that causes considerable economic losses worldwide (CIRONE et al., 2019). It is 

caused by the caprine arthritis-encephalitis virus (CAEV), a single-stranded RNA 

lentivirus belonging to the Retroviridae family which together the Maedi-Visna virus 

(MVV) are classified as in small ruminant lentiviruses (SRLV) (COST ACTION, 2002). The 

transmission of the virus occurs primarily in kids through the ingestion of virus-

containing colostrum and milk (vertical transmission), but direct contact with the 

infected animals (horizontal transmission) may also act as a transmission route (SMITH 

and SHERMAN, 2009; BALBIN and MINGALA, 2017). SRLV infection in goats have a 

progressive clinical course where arthritis is the most common clinical sign. The disease 

is characterized by a high prevalence of inapparent infections, about 30% of infected 

animals developing clinical disease (PETERHANS et al., 2004), with a prolonged 

incubation period and persistence of the virus in the host for many years or even for a 

lifetime (PERK,1995). The disease spreads insidiously in a herd until the first clinical 

symptoms can be observed, affecting a high proportion of animals (CZOPOWICZ et al., 

2018).  

Therefore, the diagnosis of CAE is based on laboratory tests. Even though the 

identification of SRLV using molecular biology methods (PCR) appears to be a potential 

diagnostic approach, such tests have not yet been implemented in routine practice, and 

serological tests, such as enzyme-linked immunosorbent assay (ELISA) or agar gel 

immunodiffusion assay, remain the mainstay of CAE diagnostics (HERRMAN-HOUSING, 

2010). At present, there is no treatment or specific prevention of CAE. Therefore, 

unspecific control programs remain the only method to prevent the spreading of SRLV 

infection (MINGUIJON et al., 2015). 

The most important problem associated with common application of diagnostic 

procedures is the collection of samples to be tested (RUIZ-FONS et al., 2011). 

Traditionally, blood is used as a material for the detection of SRLV antibodies. However, 

blood sampling in many countries is legally restricted to veterinarians and represents 

an invasive intervention which significantly increases the sampling costs (ADJADJ et al., 

2019). This inconvenience has raised the question if milk can be used as an alternative 

for serum. Detection of antibodies in milk may represent a good substitute to blood 

testing, being simple to collect and not impacting on the animals’ welfare (GAZZONIS et 

al., 2018). In dairy herds, individual milk samples can be collected directly by farmers 

(BRINKHOF et al., 2010). Moreover, the increasing use of pooled samples represents a 
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positive step in the evolution of more efficacious disease surveillance (ROTOLO et al., 

2018). Particularly, bulk-tank milk (BTM) sampling represents an attractive option for 

the monitoring program or in the framework of establishing the infection status of the 

herd (SEKIYA et al., 2013). BTM collection is easy and time-saving and is representative 

of all milking animals present in the herd (GARCIA-PEREZ et al., 2009). 

In Romania, the epidemiological data regarding the SRLV infection is incomplete, 

with little information being available at national level (POTARNICHE et al., 2020). 

Under these circumstances, a complete epidemiological picture of SRLV infection with 

detailed distribution maps can be achieved through large-scale epidemiological surveys 

accompanied by cost-effective diagnostic methods. 

 

Even though the presence of SRLV infection in Romania is known, little 

information regarding the epidemiological data is available. In this framework, the aims 

of the present thesis were: 

➢ to summarise up-to-date information on the epidemiological status of 

SRLV infection in the Romanian goat population and to point out the 

CAE incidence throughout the 2008-2019 period; 

➢ to establish if milk can be used as an alternative material instead of 

serum for the detection of SRLV infection; 

➢ to investigate the feasibility of bulk-tank milk testing for the diagnosis 

of SRLV infection;  

➢ to estimate the prevalence of CAE in 8 counties from Transylvania and 

the surrounding areas by using bulk-tank milk as a material; 

 

The studies presented in the thesis were carried out during the PhD period 

(2016-2020) within two Universities, one from Romania, the University of Agricultural 

Sciences and Veterinary Medicine Cluj-Napoca, Faculty of Veterinary Medicine Cluj-

Napoca, Department of Infectious Diseases and Preventive Medicine, and the second one 

from Poland, the Warsaw University of Life Sciences, Institute of Veterinary Medicine, 

Division of Epidemiology and Veterinary Economics. 

The thesis entitled “Serological testing of individual and bulk-tank milk samples 

for the investigation of caprine arthritis-encephalitis (CAE) prevalence in Romania” is 

structured in two main parts: literature review containing three chapters and personal 

contribution containing ten chapters. The length of the thesis is 117 pages, including 21 

tables, 35 figures, and 250 references.  

The first part (Literature review) summarizes information from the literature 

regarding the small ruminant lentiviruses (SRLV) characteristics, the epidemiology and 

pathogenesis of caprine arthritis-encephalitis (CAE) as well as the diagnostic and 
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control strategies of the disease. Chapter 1 encompasses literature data regarding the 

historical side of SRLV, the etiology and taxonomy, general characteristics of 

lentiviruses, and their genetic diversity. Chapter 2 includes a description of the disease 

distribution, susceptibility of the hosts, routes of transmission, pathogenesis, host 

response, and the clinical picture of the disease. Chapter 3 comprises literature data 

regarding the diagnosis and differential diagnosis, treatment and prevention, and the 

control strategies applied to limit the spread of the disease. 

The second part (Personal contribution) is structured in ten chapters and 

includes the aims of the PhD thesis (Chapter 4), followed by Chapters 5 to 8 including 

the original research. The general conclusions and recommendations are included in 

Chapter 9 and the originality and innovative contributions in Chapter 10. Cited 

references include 250 titles. 

Considering that the data on SRLV infection in goats from Romania is available 

only from articles published in local journals without good visibility in the international 

scientific community, the aim of Chapter 5 was to gather all the published data by 

performing an exhaustive review of the papers published in the literature so far 

regarding the epidemiological status of CAE in Romania, using electronic databases. 

Moreover, statistical data available from the World Organization for Animal Health (OIE) 

regarding the incidence of the disease throughout the 2008-2019 period was analyzed. 

Only five studies were published on the occurrence of SRLV infection in goats from 

Romania. In addition, the number of animals and herds that were taken into 

consideration was reduced, only one herd being investigated in some of the counties. All 

these studies were serological surveys. The true individual-level seroprevalence of CAE 

was estimated in 13 of 42 counties (31%) and ranged from 0.4% to roughly 40%. Based 

on the data provided by OIE, the disease was reported in 14 Romanian counties 

(33.33%) between 2008 and 2019, summing up 182 outbreaks. The literature reports 

are at odds with the situation reported by the Romanian NSVFSA. The absence of SRLV 

control programs represents the major barrier in limiting the spread of the disease. The 

competent authorities from Romania should initiate a national surveillance program of 

the disease to establish a clear epidemiological picture that represents the key step of 

any control and eradication program. 

Milk has been indicated to be a suitable replacement material for serum 

regarding the detection of antibodies against SRLV (MOTHA and RALSTON, 1994; 

PLAZA et al., 2009). Considering that, the main objectives of Chapter 6 were: a) to 

evaluate if the SRLV infection in goats could be identified by using milk samples instead 

of the routinely used blood samples and to estimate the level of agreement between 

paired samples; b) to perform a comparative analysis of SRLV antibody detection using 
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three commercial ELISA kits. For this, a number of 420 paired samples (blood and milk) 

were collected simultaneously from goats belonging to 5 dairy goat herds from Poland. 

Three of them were free from SRLV infection (A, B, C), and the remaining two were 

known to have CAE (D, E).  Serum and whey (skimmed milk) samples were tested for 

the presence of SRLV antibodies using three commercial ELISA kits: ID Screen® 

MVV/CAEV Indirect (IDVet - Innovative Diagnostics, Grabels, France), IDEXX MVV/CAEV 

p28 Ab Screening (IDEXX Labortories Inc, Westbrook, USA), and Small Ruminant 

Lentivirus Antibody Test Kit, cELISA (VMRD – Veterinary Medical Research and 

Development, Pullman, USA), according to the manufacturers’ instructions. The kappa 

statistic showed that the agreement between serum and whey samples was almost 

perfect - 93.7 % when IDVet ELISA kit was used. Four hundred and seven out of 420 

samples attained the same SRLV infection status in serum and whey samples. Seven out 

of 235 positive samples in serum were found to be negative in whey, while six samples 

tested negative in serum but positive in whey, leading to a relative sensitivity and 

specificity of 97%. Similar results were obtained when IDEXX ELISA kit was used. The 

agreement was considered almost perfect – kappa statistic of 93.2 %. Four hundred and 

six samples out of 420 obtained the same SRLV infection status in both matrices. Only 3 

individuals were found to be positive in serum and negative in whey, while 11 samples 

tested negative in serum but positive in whey, resulting in a relative sensitivity and 

specificity of 99% and 94%, respectively. When the paired samples were tested with 

VMRD ELISA kit, the agreement was interpreted as moderate – kappa statistic of 76.2 %. 

In this case, 370 samples out of 420 matched. Whey testing failed to detect 19 positive 

samples as compared to serum samples, whereas 31 tested positive in whey but 

negative in serum. The relative sensitivity and specificity were visibly lower when 

compared to the previous ELISAs, 91% and 85% respectively. In addition, we evaluated 

the correlation of numerical results (sample to positive control – S/P% and percentage 

inhibition – PI% values) between serum and whey in each ELISA. Similar to the 

qualitative results, IDVet and IDEXX ELISA kits obtained a very high correlation level 

(r=0.91 and r=0.94, respectively) while VMRD ELISA showed a lower correlation 

(r=0.78). Overall, there was a significant positive correlation between serum and whey, 

respectively. Based on these results, we can conclude that individual milk (whey) 

samples could be used as an alternative matrix for the detection of SRLV antibodies in 

dairy goats by use of commercial ELISAs (IDVet, IDEXX, VMRD). 

Bulk-tank milk (BTM) testing seems to be a very useful and attractive option for 

monitoring dairy herds for different infectious diseases taking into account the 

enormous cost reduction which can be achieved by using this matrix (BRINKHOF et al., 

2010). However, there are some factors that can affect the level of antibodies in the bulk 

tank milk and one of the most important is the relative seropositivity of the animals 

(SEKIYA et al., 2013). In this regard, the aims of Chapter 7 were: a) to ascertain the 

correlation between within-herd seroprevalence (individual whey samples) and the 
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S/P% (IDVet, IDEXX) or PI% (VMRD) values of ELISAs performed on artificial BTM; and 

b) to develop an equation allowing to estimate the within-herd prevalence of SRLV 

infection using the S/P% or PI% of BTM samples. All whey samples used in this study 

were previously screened (Chapter 6) using the three commercial ELISAs: IDVet, IDEXX 

and VMRD. For this experiment, we created artificial BTM samples (artificial dairy goat 

herds) by mixing an equal amount of individual milk samples coming from each goat of 

known status in terms of SRLV infection. In this regard, we used: a) Positive samples: 

100 individual milk samples from goats strongly positive in all 3 ELISAs (applied to 

serum): IDVet (S/P% > 300%), IDEXX (S/P% > 300%), and VMRD (PI% > 50%); b) 

Negative samples: 100 individual milk samples from goats strongly negative in all 3 

ELISAs (performed with serum): IDVet (S/P% < 20%), IDEXX (S/P% < 20%) and VMRD 

(PI < 10%). Thus, a number of 101 artificial BTM samples were created of an ascending 

percentage of positive individual samples (from 0% to 100%, increasing by 1%). From 

each individual milk sample, 10 µl were used to obtain BTM samples of 1 ml volume (10 

µl x 100 samples). In addition, for determining the best cut-off for BTM testing, ninety-

four artificial negative BTM samples were created. For this purpose, 169 individual milk 

samples from negative goats in all 3 ELISAs (done on serum) were chosen: IDVet (S/P% 

< 50%), IDEXX (S/P% < 110%) and VMRD (PI% < 35%). Each time 10 different negative 

whey samples were randomly picked and 40 µl were taken to create artificial negative 

BTM samples of 400 µl (40 µl x 10 samples). Our study showed a strong and significant 

correlation (p<0.001) between the concentration of individual positive whey samples 

and the numerical result (S/P% and PI%) of all three ELISAs performed on BTM 

samples. The best correlation was found in IDVet (r=0.93), followed by IDEXX (r=0.87) 

and VMRD (r=0.84). The exponential function appeared to describe this relationship 

considerably better than the linear function. This observation allowed to estimate the 

within-herd prevalence of SRLV infection using the results of ELISA carried out on BTM 

samples which represented a novel approach allowing not only to detect the presence 

of the infection in the herd but also to find out (with some level of uncertainty) what 

percentage of animals in the herds were infected. 

Considering the lack of epidemiological data regarding the CAE prevalence in 

goats in Romania, the aim of Chapter 8 was to obtain epidemiological data (within-herd 

and herd-level prevalence) on SRLV infection through the detection of antibodies in 

BTM samples in goat herds from an area important for caprine dairy production 

(Transylvania and the surrounding areas). For this purpose, one indirect ELISA (IDVet) 

was used for the detection of SRLV antibodies in BTM samples. The study was conducted 

between 2019 and 2020 in Transylvania region, one of the important regions for caprine 

dairy production. In total, 25 bulk tank milk samples were collected randomly from goat 

herds, originating from 8 counties (Bihor, Bistrița-Năsăud, Brașov, Cluj, Maramureș, 
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Mureș, Sălaj, Vâlcea) from Transylvania and the surrounding areas. The herds had an 

unknown CAE-status. Detection of antibodies directed against SRLV in BTM samples was 

performed using a commercial ELISA kit (ID Screen® MVV/CAEV Indirect, IDVet – 

Innovative Diagnostics, Grabels, France) following the manufacturer’s instructions. 

Based on the results obtained in the previous study (Chapter 7), the cut-off of IDVet 

ELISA done on BTM samples was set at 5.9%. At this cut-off the Se was of 100% (CI 

95%:96.3%, 100%) and Sp was of 97.9% (CI 95%: 92.6%, 99.4%). Theoretically, every 

BTM sample with a S/P% less than 5.9 was certain to come from negative herds. The 

within-herd prevalence was estimated using the exponential equation: PSRLV = 0.0603 X 

exp(0.0093 X S/P%). SRLV infection was detected in 20 out of 25 herds which yielded 

apparent herd-level prevalence of 80.0% (CI 95%:60.9%,91.1%) and true herd-level 

prevalence of 79.8% (CI 95%: 60.6%, 91.0%). SRLV-specific antibodies were found in 5 

out of the 8 (62.5%) investigated counties. The within-herd prevalence varied from 

6.4% to 100%. This was the largest survey conducted on the detection of SRLV infection 

in dairy goat herds from Romania and it was the first investigation for the presence of 

SRLV infection in goats in this part of the country. Our findings showed that IDVet ELISA 

in BTM samples could be a suitable approach for surveillance and monitoring purposes 

of SRLV-infection at the herd level (infected or non-infected). BTM testing could also be 

used to estimate the within-prevalence of SRLV-infection in dairy goat herds. 
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