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A B S T R A C T

Pinkeye is a highly contagious disease of goats with different aetiologies. Surveys in Lao PDR have identified eye
lesions typical of pinkeye as a common condition, however, this has not been confirmed diagnostically, and the
responsible pathogens have not been identified. A matched case-control study was implemented in 70 goat
holdings from Savannakhet province, Lao PDR, to detect agents causing pinkeye and conduct phylogenetic
analysis of the identified pathogens. Fifty eye swabs from goats with infected eyes (cases) and 50 paired samples
from unaffected cohorts (controls) were collected from 25 holdings. Samples were tested using quantitative PCR
assays targeting known pinkeye pathogens at the genus and species levels. The prevalence of pathogens in case
and control goats was as follows: Mycoplasma conjunctivae (94% and 74% respectively, P = 0.006, OR = 5.5),
Chlamydia pecorum (4%, 10%), Moraxella ovis (30%, 30%), Moraxella bovis (0%, 0%) and Moraxella bovoculi (0%,
0%). M. conjunctivae was present in a high proportion of goats in both groups revealing that Lao goats are carriers
of M. conjunctivae. However, the mean log10 genome copy number/µL of DNA extract was significantly higher in
case goats than control goats (P < 0.05). Thus, M. conjunctivae is likely the principal causative agent of pinkeye in
Lao goats with carrier status converting to clinical infection following corneal damage or other causative factors.
M. conjunctivae detected in samples from different goats and districts showed low genetic diversity. Identifying
the causes of pinkeye in Lao goats will assist in designing appropriate treatment and control strategies.

1. Introduction

Lao People’s Democratic Republic (Lao PDR/Lao) is a landlocked
Southeast Asian country bordering China, Vietnam, Cambodia, Thailand
and Myanmar. The goat industry is a smaller livestock sector but one
that is rapidly growing due to demand for goat meat from neighbouring
Vietnam (Burns et al., 2018). Disease has been identified as a major
constraint on goat production in Lao PDR (Gray et al., 2019; Olmo et al.,
2022) with several major endemic syndromes reported by farmers as the
most prevalent and important. These include pinkeye-like eye in-
fections, orf-like mouth and foot lesions, diarrhoea and lameness
(Jayasekara et al., 2023; Phengvilaysouk et al., 2022; Windsor et al.,
2017). The cause(s) of these syndromes are not clear and the existing
diagnostic capacity in Lao PDR is insufficient to address disease causa-
tion in goats, hindering the development of effective control and

treatment. As part of a multidisciplinary project on goat production and
marketing in Lao PDR and Vietnam (ACIAR project LS/2017/034),
studies were undertaken to investigate the causation of several of these
syndromes. This paper reports the investigation into the causation of
pinkeye-like eye lesions in Lao goats.

Eye lesions in animals can be infectious or non-infectious in origin.
The most common infectious ocular disease type is infectious kerato-
conjunctivitis, known commonly as pinkeye. Pinkeye occurs in cattle,
sheep and goats; however, causative pathogens vary between cattle and
sheep/goats. In cattle, the disease is also known as infectious bovine
keratoconjunctivitis and Moraxella bovis is the responsible pathogen
(Constable et al., 2017). In goats, the disease is known as infectious
keratoconjunctivitis while Mycoplasma conjunctivae (Constable et al.,
2017) and Chlamydia pecorum (Nietfeld, 2001) are considered as the
major causative agents. Further, other pathogens such as Moraxella ovis
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and Mycoplasma agalactiae can also cause eye infections in goats (Un-
derwood et al., 2015).

There is no information available on prevalence of pinkeye causing
pathogens in Lao goats. The only information available from a previous
survey is that 11.9% (8/67) of goat farmers from Savannakhet province
have reported the occurrence of sore eyes in their goats (Phengvilaysouk
et al., 2022). Therefore, a study was designed with an overall aim of
determining the most common causes of eye infection in Lao goats using
molecular diagnostic methods and to characterize detected pathogens
phylogenetically. The scope of the study included 5 likely causes of
pinkeye in goats namely M. conjunctivae, C. pecorum, Mor. ovis, Mor.

bovis and Moraxella bovoculi. The study was restricted to these probable
pathogens in line with the resources available. The presence of other
Mycoplasma and Chlamydia strains was tested with the use of genus
specific assays, although M. conjunctivae and C. pecorum would be the
most likely species detected. The hypothesis under test was that eye
infection in Lao goats is caused predominantly by M. conjunctivae and
C. pecorum alone or in combination.

2. Materials and methods

The study was approved by the Animal Ethics Committee of the

Fig. 1. Examples of clinical signs showed at the time of sample collection; a) lacrimation b) partially closed eye with lacrimation c) mucopurulent ocular discharge d)
conjunctival hyperaemia, cloudy cornea and mucopurulent ocular discharge e) corneal opacity with lacrimation and ocular discharge f) opaque cornea with purulent
ocular discharge (Photos courtesy of Thaixiong Xaikhue).
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University of New England, Australia (approval number: AEC20–006).

2.1. Selection of goat holdings for inclusion in the study

Smallholder goat holdings (N= 70) were selected from 7 villages (Na
Po, Nhon Nhang, Xa Loi, Nhonsomphou, Songkhone, Sebanghiang and
Kanglouang) of 3 districts (Phin, Songkhone and Sepon) of Savannakhet
province in which ACIAR project LS/2017/034 was operating. Sav-
annakhet province is the province with the highest goat population in
Lao PDR.

2.2. Study design and sampling

Power analysis determined that a minimum of 40 paired samples was
required for a case-control study where each case (goats with infected
eyes) was matched by a control (unaffected flock mate) with power of
the test of 0.8 to detect differences in between cases and controls at P =

0.05, when the predicted proportion of positive samples in the controls
is 0.1 and hypothesised odds ratio for presence of risk factor in cases vs
control is 5 (Thrusfield, 2007). To further increase the statistical power
of the case-control comparison, 50 matched samples were used for this
study.

The case-control study commenced in January 2022 and was
completed in June 2022 when 50 paired samples had been collected (N
= 100). Sample collection was by a project team of Lao scientists who
visited each of the project goat holdings monthly, during which a range
of project activities was conducted. The sample and survey data were
recorded using the CommCare®mobile acquired data platform (Dimagi
Inc., US) and uploaded real-time to a server.

Cases were identified as goats exhibiting any of the following clinical
signs namely; inflammation/reddening of the eye, ocular discharge,
excessive lacrimation, corneal opacity or corneal ulceration. Examples
of goats with a range of clinical signs in eyes at the time of sample
collection are shown in Fig. 1. From each case, a conjunctival swab
sample was taken from the inner part of the lower eyelid of affected eyes
using a commercially available sterile polypropylene swab with virus
transport medium supplied from Pacific Laboratory Products, Australia.
Similarly, a conjunctival swab was also collected from a matched
healthy goat of the same breed, close in age to the case and from the
same or adjacent herd. Samples were held in transport medium in an ice-
box containing ice/ice bricks until transfer to a refrigerator at 4̊C until
final storage up to 7 – 10 days later at − 80̊C at National Animal Health
Laboratory (NAHL) in Vientiane. The number and source of samples
collected is summarised in Supplementary Table 1. Briefly the 50 paired
samples were collected from 25 holdings in 7 different villages in 3
districts of Savannakhet province as described above.

2.3. DNA extraction

Total genomic DNA was extracted from eye swabs at the NAHL,
Vientiane, Lao PDR using the Isolate II genomic DNA kit (Bioline, UK),
according to the manufacturer’s protocol with minor modification. A
process control was included in all extractions to control for cross-
contamination between samples during this step. Extracted DNA sam-
ples were air-freighted on dry ice to the Elizabeth Macarthur Agricul-
tural Institute (EMAI), Menangle, NSW, Australia where they were
stored at − 80◦C until PCRs were carried out.

2.4. PCR and gel electrophoresis

All PCR and electrophoresis work was undertaken at EMAI in
Australia. Quantitative real time probe-based PCR assays were used to
screen samples to obtain prevalence data. Conventional PCR assays and
Sanger sequencing were used to characterise pathogens in positive
samples. In-house diagnostic assays (from EMAI) and previously pub-
lished assays were used. Details of primers and probes used are provided

in Supplementary Table 2. An appropriate positive and negative control
as well as, the DNA extraction process control were included in each PCR
assay. All previously published assays were validated and optimised
before being used to test actual samples.

Initially all DNA samples (N = 100) were screened with probe-based
PCR assays. A Ct value ≤ 40 with a clear amplification plot was
considered as a positive PCR result. A representative set of positive DNA
samples with Ct value< 30 for the pathogen specific quantitative assays
were used in pathogen specific conventional PCRs for sequencing and
phylogenetic analysis. On this basis 32 and 16 samples were tested with
genus Mycoplasma and genus Chlamydia specific conventional assays,
respectively. Mor. ovis conventional PCR was performed on all DNA
samples.

The cycling conditions for all probe-based PCR assays were as fol-
lows: initial denaturation cycle at 95◦C for 10 min, followed by 45 cycles
of 15 s at 95◦C and 1 min at 60◦C. TaqMan® Environmental Master Mix
(Applied biosystems, UK) was used for all probe-based PCR reactions
and were performed on a QuantStudio™ PCR system (Thermo Fisher
Scientific, US) and the fluorescence data obtained was analysed using
QuantStudio™ Design and Analysis Desktop Software (Version 1.5.2;
Thermo Fisher Scientific, US). MyTaq™ Red Mix (Meridian Bioscience,
US) was used for all conventional PCR assays. The cycling conditions for
the conventional PCR assays were as follows: initial denaturation at
95◦C for 1 min, 30 cycles of denaturation at 95◦C for 15 s, annealing at
60◦C for 15 s for primer pairs Chuni1F/Chuni2R and ISRdownF/
ISRupR; and 55◦C for 15 s for primer pairs 16SF2/23 R and GPO1F/
MGSOR, extension at 72◦C for 10 s and final extension at 72◦C for 1 min.

Target gene copy (GC) numbers for the different pathogens were also
calculated based on an internal standard curve comprising 4 × 10-fold
dilutions in duplicate of known target sequence concentrations derived
from plasmid DNA.

2.5. DNA sequencing and phylogeny

Electrophoresis of conventional PCR products was carried out in 2%
agarose gel (Bioline, UK) using 1X TBE buffer and GelRed® (Biotium,
US) to confirm the presence of specific bands. The DNA bands were
visualized with the BioRad gel documentation system and analysed with
Image Lab Software (Version 6.1; BioRad, US). Amplicons showing a
clear and specific band were sequenced bidirectionally with the Sanger
method. Chromatograms were visualized and aligned and consensus
sequences were prepared using Geneious Prime Software (Version
2022.2.2; Biomatters, US). Consensus sequences were compared with
the GenBank database using BLASTN to identify the pathogen species.
For phylogenetic analysis, consensus sequences were aligned with ho-
mologous reference sequences from GenBank using Geneious Prime and
phylogenetic trees were reconstructed with MEGA version 11 (Tamura
et al., 2021) using the Maximum Likelihood method and 100 bootstrap
replications. Finally, the obtained DNA sequences were submitted to
GenBank.

2.6. Statistical analysis

All samples were assayed in duplicate for intra-run repeatability and
mean values were used. The prevalence of pathogens in goat herds was
calculated based on results from probe-based PCR assays. Data analysis
and visualization were performed with JMP® 17.0.0 (SAS Institute, US)
and MS Excel. GC values were then log10 transformed (log10 GC + 1)
prior to statistical analysis. Comparison of prevalence of infection be-
tween the two groups was by Pearson Chi square analysis where P <

0.05 was indicated significant differences, and odds ratio for presence of
the organism in the case group tested as described by (Thrusfield, 2007)
for matched case-control studies. Comparison of mean log10 GC numbers
between case and control goats was by two sample T test.

P.P. Jayasekara et al.
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3. Results

3.1. Clinical signs, age and sex distribution

The main clinical sign in the sampled cases was eye discharge (45/
50), however, the type of eye discharge for individual cases was not
recorded. Only three goats had completely opaque cornea and none had
corneal perforation, haemorrhage or visible entropion. Only five goats
exhibited more than one clinical sign and five goats were also suspected
of being completely blind in the affected eye. All of those samples were
from native Lao goats. The majority of cases were from the age group of
7 – 12 months old (56%), 38% were aged 1 – 6 months old and only 6%
were aged over 12 months of age. Regarding sex, 74% of cases were
females and 26% were males.

3.2. Pathogen detection and prevalence in samples

None of the negative or DNA extraction controls amplified in the PCR
assays indicating no cross-contamination of samples during DNA
extraction and PCR assay. Genus Mycoplasma, genus Chlamydia,
M. conjunctivae, C. pecorum and Mor. ovis were identified when screening
all samples with probe-based quantitative PCR assays. None of the
samples were positive for Mor. bovis or Mor. bovoculi. Mycoplasma spp.
(from generic PCR) and M. conjunctivae were the most common organ-
isms detected and were detected in both case and control samples. A
considerable number of samples from both groups were also positive for
Mor. ovis, whereas very low numbers of samples were positive for
Chlamydia spp. and C. pecorum. Cases had a significantly higher preva-
lence of detection than controls in the case of Mycoplasma spp. and
M. conjunctivae with odds ratios > 5 (Table 1). Differences between case
and control prevalence for all the other pathogens tested were not
significant.

3.3. Pathogen levels in case and control samples

In goats positive for genus Mycoplasma, the log10 GC was signifi-
cantly higher in case than control goats (P = 0.0001) being 28-fold
higher on the untransformed scale (Table 2). Similarly, the log10 GC
value of M. conjunctivae was significantly higher in positive case than
positive control goats (P = 0.0001) being 20-fold higher on the un-
transformed scale (Table 2). However, the log10 GC values of Mor. ovis,
genus Chlamydia and C. pecorum were not significantly different be-
tween case and control groups (P > 0.05) (Table 2). Dot plots showing
the variation in log10 GC between individual samples are shown in
Fig. 2.

Most goats (65%) had only a single pathogen identified in the eye
swab (Supplementary Fig. 1) with this being either M. conjunctivae or
Mor. ovis. A smaller number (25%) had two pathogens detected with 3
combinations observed; M. conjunctivae and Mor. ovis, M. conjunctivae
and C. pecorum or Mor. ovis and C. pecorum. Only 2% of samples had 3
pathogens detected in them.

The pathogen species with the highest log10 GC value in each goat
was considered the dominant bacterial species in that goat eye. Based on
this, the dominant pathogen in eyes of case goats were M. conjunctivae
(82%), Mor. ovis (12%) and C. pecorum (2%). Only 4% of case goats were
negative for each of these pathogens; however, these samples were
positive for genus Mycoplasma. The dominant pathogen species in the
eyes of control goats were M. conjunctivae (66%) and Mor. ovis (22%).
C. pecorum was not identified as the dominant species in any control
goats. None of the tested pathogens were detected in 12% of goats from
the control group.

3.4. Sequence data analysis and phylogenesis

Consensus sequence data were obtained for 26 PCR products from
the Mycoplasma genus conventional assay targeting 16 S rRNA region.
Nucleotide blast results indicated that all of them were M. conjunctivae
(Query cover = 99 – 100% and % identity = 99.54 – 100%). Nucleotide
sequences of M. conjunctivae were deposited in GenBank (GenBank
accession no. OR018861 to OR018886). Those sequences were used in
phylogenetic analysis (Fig. 3) together with the 7 available reference
sequences in NCBI GenBank. A total of 21 of the 26 sequences generated
in this study were 100% identical to each other and to 3 of the reference
sequences from China (OQ983594), India (OM140684) and the United
States (Type strain HRC/583; NR_074135). Those 21 sequences were
100% identical to the mentioned reference sequences but slightly
different to sequences from Iraq (at 4 bases), Taiwan (at 1 base) and
another sequence from India (at 1 base). Cluster A comprised 5 isolates
from this study (marked in blue), all of which were isolated from

Table 1
Pathogen prevalence and odds ratios based on 50 case and 50 control samples.

Pathogen Prevalence (%) Odds ratio

Control Case Overall P OR 95% CI

G. Mycoplasma 84 100 92 0.0032 Infinity -
M. conjunctivae 74 94 84 0.0064 5.5 1.46 –

20.76
Mor. ovis 30 30 30 1.0000 1 0.43 – 2.35
G. Chlamydia 4 12 8 0.1404 3.3 0.63 –

17.07
C. pecorum 10 4 7 0.2397 0.4 0.07 – 2.03
Mor. bovis 0 0 0 - 1 -
Mor. bovoculi 0 0 0 - 1 -

P = Probability, OR = Odds ratio, CI = Confidence interval

Table 2
Mean log10 GC values in eye swab samples that were positive for the presence of
the listed pathogens.

Pathogen Mean ± SE log10 GC/µL 95% CI P

Control Case Control Case

G. Mycoplasma 3.52 ±

0.27
4.96 ±

0.24
2.99 – 4.04 4.48 – 5.45 0.0001

M. conjunctivae 3.02 ±

0.24
4.32 ±

0.21
2.54 – 3.50 3.89 – 4.75 0.0001

Mor. ovis 3.47 ±

0.31
4.08 ±

0.31
2.84 – 4.10 3.45 – 4.71 0.17

G. Chlamydia 1.62 ±

0.47
0.67 ±

0.27
0.47 – 2.78 0.01 – 1.34 0.13

C. pecorum 0.99 ±

0.42
0.97 ±

0.66
− 0.08 –
2.07

− 0.73 –
2.67

0.97

SE = Standard error, GC = Gene copy number, CI = Confidence interval, P =

Probability

Fig. 2. Dot plots showing the range of log10 gene copy numbers of different
pathogens in individual eye swab samples from case and control goats including
all samples. Means are indicated by the horizontal blue lines.
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Songkhone village, across 5 different holdings. Sequences in cluster A
did not have an identical match in the NCBI database and contained a
single nucleotide substitution (“A” to “C”) at position 562 relative to the
type strain of M. conjunctivae strain HRC/583.

Only 2 good quality sequences were obtained from Mor. ovis specific
conventional PCR. NCBI nucleotide blast results identified both of these
sequences as Mor. ovis with 99.81 and 98.77% identity respectively.
Nucleotide sequences of Mor. ovis were deposited in GenBank (GenBank
accession no. OR088209 and OR088210).

3.5. Treatment

After sample collection, affected goats were treated with 3 different
types of eye drops available in Lao PDR in order to prevent further
spread of the eye disease within the herd until a definitive diagnosis
could be obtained and specific treatment implemented. The 3 eye drop
solutions contained antibiotic Neomycin alone, Neomycin plus Dexa-
methasone or Antazoline (an antihistamine) respectively. The eye drops
containing neomycin solutions were reported subjectively by the field
veterinarian on the study to provide good efficacy in reducing clinical
signs while Antazoline was ineffective.

4. Discussion

All the goats in the case group showed typical clinical signs of
pinkeye with the majority (94%) belonging to the < 12 months old age
group. This likely reflects a lower level of acquired immunity to infec-
tion compared to older goats> 12 months old. More female goats (74%)
were found with pinkeye than male goats (26%), likely reflecting the
greater number of female goats in the overall population.

With regard to the hypothesis that eye infection in Lao goats is
caused predominantly by M. conjunctivae and C. pecorum, the results of
the case-control study provide strong support for the former, but not the
latter organism. Both the prevalence of detection of M. conjunctivae and
the GC level were significantly greater in case than control goats and the
odds ratio for presence in case goats was 5.5, strongly indicative of a role
in causation. However, it was also the predominant pathogen identified
in eye swabs from control goats indicating that healthy goats could be
carriers of M. conjunctivae. Carrier status of M. conjunctivae in the eyes of
goats has been previously documented (Smith and Sherman, 2009).
Similarly, healthy carriers of M. conjunctivae have been reported in goats
from Pakistan (Fernández-Aguilar et al., 2017) and China (Yang et al.,
2022) and in sheep (Fernández-Aguilar et al., 2013; Janovsky et al.,
2001). However, the high odds ratio for presence of M. conjunctivae (5.5)
in case goats together with its significantly higher GC level in case goats
(P = 0.0001) indicates a strong association between the eye infection
and M. conjunctivae. This organism was also identified as the dominant
pathogen in 82% of the case animals meaning that it was the organism
with the highest GC level among the pathogens tested. Based on these
results, M. conjunctivae can be considered as the principal cause of eye
infection in Lao goats and the syndrome can be definitively diagnosed as
pinkeye. The triggers that cause multiplication of M. conjunctivae and
progression from carrier to clinical status was not investigated in this
study.

M. conjunctivae is considered the principal pathogen responsible for
pinkeye in goats (Constable et al., 2017). It is the most frequently
identified eye pathogen of goats (Chao et al., 2018; Yang et al., 2022)
and sheep (Janovsky et al., 2001; Naglić et al., 2000). To the authors’
knowledge, there are no studies assessing the risk factors for pinkeye
caused by M. conjunctivae in goats. However, there are some reports on
risk assessments of pinkeye in cattle.

The identified risk factors were ocular trauma from straw, chaff,
sand, fights, barbed wire, thorns, hay or dry grass stalks, environmental
factors such as low rainfall, direct sunlight, the presence of flies and the
location of the farm and the grazing land, and host factors such as animal
age and herd size (Alexander, 2010; Kneipp et al., 2021; Lane et al.,
2015). In the case of sheep, mixed grazing and introduction of sub
clinically infected sheep to existing flocks have been considered as risk
factors for infection (Janovsky et al., 2001). As with cattle, flies have
been recorded as a possible source of infection in sheep including the
possible introduction of secondary bacterial agents, thereby provoking
clinical manifestation of eye infection with M. conjunctivae (Degiorgis
et al., 1999).

Mor. ovis and C. pecorum were also identified in Lao goats but a role
in clinical pinkeye was not shown in the present study. Mor. ovis was
detected in 30% of samples but at the same level in both case and control
goats with an odds ratio of 1 indicating a lack of association with clinical
pinkeye. The level of infection detected also did not differ between
infected case and control goats. The role of Mor. ovis in eye infection in
goats is not yet well established as Mor. ovis has been also detected in the
eyes of healthy goats (Abdullah et al., 2015). Mor. bovis and Mor.
bovoculi were not detected in any samples in the present study although
Mor. bovoculi has been identified as an opportunistic eye pathogen of
goats (Meekins et al., 2017). Mor. bovis has also been found in goats but
more rarely compared to cattle (Ojo et al., 2009). C. pecorum was only
detected in 7% of goats overall, with no difference in prevalence or level
of infection between control and case goats. It was the dominant path-
ogen in only a single goat in the case group. C. pecorum has been

Fig. 3. Phylogenetic tree based on 715 bp consensus sequences of 16 S rRNA
gene of 26 M. conjunctivae and 7 reference sequences from NCBI GenBank.
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identified from eyes of apparently healthy goats (Fernández-Aguilar
et al., 2017) as well as from sheep with and without clinical conjuncti-
vitis (Jelocnik et al., 2019).

In general, goats of all ages are susceptible to pinkeye and recurrent
infections are common (Underwood et al., 2015). The disease is trans-
mitted directly by carrier animals or infected goats whereas indirect
transmission by flies, dust particles and contaminated objects is also
possible. Moreover, disease prevalence is high in warm, dry and dusty
environments. Flies, concurrent diseases, malnutrition, stress, adverse
weather and overcrowding also predispose animals to the infection.
Morbidity is typically around 10 – 15% but can be as high as 80%
leading to growth retardation and ill-thrift due to poor feed intake
(Constable et al., 2017). M. conjunctivae is transmitted by direct contact
between animals (Underwood et al., 2015) andmild infections resolve in
around 10 days where severe infections may persist for up to 12 weeks
(Smith and Sherman, 2009).

Whether the introduction of these diagnostic methods to the NAHL in
Lao PDR is appropriate or not is debatable given the presence of higher
priority farm animal species and diseases and resource constraints at the
laboratory. PCR is a widely used diagnostic technique with many ad-
vantages. In the present study, probe-based assays were used to identify
the probable pathogens in all samples due to their sensitivity and ability
to quantify the target. The potential to use the existing probe assays to
develop a multiplex assay detecting M. conjunctivae, C. pecorum and Mor.
ovis will be an added advantage given that these assays are compatible
together.

DNA sequencing of Mycoplasma spp. PCR products only identified
M. conjunctivae. This suggests that there were no mixed infections with
multiple species or strains of Mycoplasma. However, phylogenetic
analysis clearly identified that the M. conjunctivae detected belonged to
two closely related clusters with geographical clustering within the
sampling area. Cluster A comprised of 5 isolates that had a consistent
“A” to “C” mutation in these sequences at 562 bp position relative to the
reference strains. This may be a novel strain of M. conjunctivae. Inter-
estingly, all these came from different herds within one village.
M. conjunctivae detected in samples from different goats and districts
exhibited low genetic diversity providing evidence for herd to herd
transmission within the study area. This is not surprising given the free
ranging, village-based husbandry goat raising practices used in the study
area. Phylogenetic relationships with M. conjunctivae from Vietnamese
and Thai goats with pinkeye could not be determined due to the un-
availability of sequence data at NCBI GenBank.

The present study had certain limitations. Firstly, the clinical signs of
case goats were not recorded in detail. Such detail would have been
useful to characterise goats based on the severity of clinical signs or type
of discharge and to determine relationships between these and the
presence or level of the causative pathogens. Secondly, more of the
possible farm-level risk factors were not recorded at the time of sample
collection due to resource constraints and survey fatigue by the farmers.
Thirdly, the efficacy of the eye drops available in Lao PDR was deter-
mined on a subjective rather than an objective basis. A more formal
evaluation would have more scientifically based guidelines on treatment
options in Lao PDR.

5. Conclusion

Eye infection in goats is a common problem in Lao PDR. This study
has confirmed that this syndrome is pinkeye (contagious ophthalmia)
and that M. conjunctivae as the principal causative pathogen. Risk factors
for clinical pinkeye caused by M. conjunctivae infection have not been
determined in Lao goats but are likely to be similar to those documented
elsewhere. Subjective field observations from the present study indicate
that pinkeye in Lao goats can be effectively treated with readily avail-
able eye drops containing Neomycin but not those containing an anti-
histamine. Such treatment is practical in Lao husbandry systems where
small numbers of goats come into a goat house for containment every

night, making repeat application possible without undue disturbance to
normal management.
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