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N THIS study, according to the guidelines of PRISMA, the meta-analysis on prevalence
of Streptococcus  species in horses with respiratory tract infections was performed. After

Introduction

compete search, data extraction and selection of studies, data were analyzed using compre-
hensive meta-analysis. The results of meta-analysis of selected studies were 95% confidence
intervals, effect size, heterogeneity, weight, and publication bias. A total of 1831 (32.25 %) out
of 5678 diseased horses in 20 study with upper respiratory symptoms were found positive for
Streptococcus species. The final meta-analysis model of the size effect and null test at fixed
and random effect showed the effect has a Z-value of -3.371 (P-value = 0.001) as opposed to
the fixed effect’s Z-value of -26.024 (P-value = 0.000). The degree of heterogenicity revealed
Q-value (926.104), I-squared (97.948), P-value (0.000), and the Tau-squared of 0.989 with a
0.519 Standard Error are the final heterogeneity variables. Egger’s linear regression test for
asymmetry did not indicate publication bias, intercept (-0.53), 95% confidence interval (-6.45-
5.39), t-value (0.18), df = 18. The 1-tailed P-value is 0.426, and the 2-tailed P-value is 0.852.
The outcome of Kendall’s tau with continuity correction (-0.00526), with a 1-tailed P-value of
0.487 and 2 -tailed P-value of 0,974. Duval and Tweedie’s trim-and-fill method (only one study
trimmed at the left side) resulted in an adjusted correlation from — 0.857 to — 0.737 with 95%
CI: — 1.345 to — 0.428. The results of the present study indicate the association of Streptococcus
species with clinical upper respiratory signs in horses.
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Streptococcus dysgalactiae subsp. equisimilis,

they are three B-haemolytic Streptococci that

Respiratory issues are among the most serious
health threats encountered in equines with an
incidence rate of 30% among horses [1]. Infections
of the upper respiratory tract are frequent in
horses and may be brought on by a number of
pathogens, such as bacteria, fungi, and viruses
[2] Streptococci are significant class of Gram-
positive cocci bacteria that are typically seen in
long chains [3]. Streptococcus equi, (Streptococci
of Lancefield Group C), is a prominent equine
pathogen which has two subspecies particularly
clinically important for horses [2], in addition to

are quite significant in horses. By impairing
pulmonary functions and decreasing their
performance [4-6]. In a study of British National
hunt racehorses, Streptococcus species (non-
haemolytic and Viridans group) was most
commonly isolated from the respiratory tract [7,
8, 9]. Streptococcus equi subspecies equi is the
notable pathogen to the horse husbandry industry
[5]. It was the causative agent of strangles,
which was the most often diagnosed infectious
illness in horses globally, causing substantial
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health problems as well as financial losses to
the equestrian sector [10, 11]. Infections of the
upper respiratory tract are significant source of
financial loss for the horse breeding populations.
They primarily cause mortality in young age of
foals and difficult-to-treat illnesses in horses of
all ages [12]. Infections, whether acute or chronic,
can affect the pulmonary function and can lower
performance and exercise tolerance. Worldwide,
respiratory infections in horses are a common
occurrence, causing poor respiratory health and
exercise intolerance, including Inflammatory
airway diseases (IAD) which is similar to asthma
in humans [13, 14]. Meta-analysis is a statistical
method that enables the researcher to synthesize
and assess the findings of individual studies that
have been conducted, published, and then critically
retrieved, reviewed, and assessed after publication.
All of the meta-analysis’s findings are relevant to
the set of results that were produced and retrieved.
Because populations (or “samples”) are arbitrarily
chosen for the various studies, these results are
inherently prone to selection bias to an unknown
extent. [15]. In fact, extensive meta-analysis studies
on upper respiratory tract infections in humans have
been carried out [16, 17], whereas no available
studies in the literature on the systematic review
meta-analysis on the prevalence of Streptococcus
species in equines with upper and lower respiratory
tract infections based on the author’s ‘knowledge’.
Consequently, the present systematic review with
meta-analysis of the prevalence of Streptococcus
species in horses aimed to review the most recent
scientific evidence on the association with upper
respiratory manifestations.

Material and Methods

Ethical approval

The authors conducted analyses of all
scientific articles with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA) standards. Consequently, this research
did not require ethical approval for using animals
in scientific experiments. Prior to starting the trial,
the protocol of study was developed.

Selected studies

The present review adopted all published
studies describing the prevalence of Streptococcus
species based on number of isolates from horses
with upper respiratory symptoms.

Types of reference individuals
All examined animals displayed respiratory
symptoms such as pyrexia, nasal discharge,
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coughing, sneezing, aberrant respiratory sounds,
and swollen lymph nodes. The study’s sample
sizes were not restricted.

Inclusion and exclusion criteria

Inclusion criteria

- The publication’s English version is accessible
when articles are written in another language.

- Publication of studies between 1991 and 2023.

- Studies on the isolation of Streptococcus species
from horses with respiratory conditions have
been conducted.

- Studies indicating the incidence of respiratory
bacterial infections regardless of the laboratory
diagnostic method utilized are examples of
outcomes.

- The number of animals with respiratory tract
infections among which specific bacteria were
screened will be used to determine prevalence.

Exclusion criteria
- Streptococcus species isolation from healthy
equine either horses or donkeys.

- Techniques for identifying Streptococcus
species other than prevalence.

- Bacterial species other than Streptococcus
species were isolated.

- Foreign-language publications.

- Data from articles that have been published are
incomplete.

Search strategy and selection of studies

We searched through all publications written
about prevalence of Streptococcus species from
horses with upper respiratory tract infections at the
PubMed, Ovid, Web of Science, Sage, BESCO,
CABI, Scopus, Mendeley, and ISI web of knowledge
database with a combination of the following
search terms (“RESPIRATORY” “DISEASES”)
(title/ abstract) OR (“RESPIRATORY” “TRACT”
“SYMPTOMS”) (title / abstract) AND (“HORSES”)
(title / abstract)y AND (“PREVALANCE”)
(title/  abstracty OR  (“ISOLATION  OF
STREPTOCOCCUS SPP.”) (title / abstract) from
the earliest data available until March, 2023. This
procedure was supplemented by hand-searching,
Google Scholar searching, expert recommendations,
and citation reviews. We integrated the database
outputs using a referencing program, EndNote
(version X9; Thomson Reuters). The studies’ articles
were shown in Figure 1.
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Data extraction and analysis

The following data were extracted: The
study’s year, sample size, and positive cases with
reported summary statistics (such as prevalence,
standard error, variance, and confidence interval
at 95%), country, and various streptococcus
species subspecies types (Table 1).

Quality assurance

According to (PRISMA) [18], the current
systematic review and meta-analysis was carried
out. All the available published publications on
the assessment of the prevalence of Streptococcus
species based on number of isolates from horses
with upper respiratory tract infections were
incorporated, to diminish the publication bias.

Statistical analysis

Firstly, the overall pooled prevalence, the
number of positive cases divided by the number of
all animals tested. A Meta-Analysis software was
used for all data analysis. (Comprehensive Meta-
Analysis software version 2, Biostat, Englewood,
NJ, USA). In the current study, the fixed and
random effect model, 95% confidence intervals,
effect size, heterogeneity between-study variance
were assessed using the tau-square (t2), and thus the
relative weight and publication bias were the main
outputs of the analysis. These variables were used in
our study to assess the prevalence of streptococcus
species based on the number of isolates from
horses with upper respiratory tract infections.
Effect size, heterogeneity, and the percentage of
true heterogeneity were assessed [19, 20]. Low,
moderate, and high degrees of heterogeneity were
identified with values of 25%, 50%, and 75%,
respectively. [21]. The relative weight of study
was calculated. With the use of meta-regression,
the forest plot was used to examine the degree of
heterogeneity. [22]. To determine the degree of
publication bias, the funnel plot was investigated
[23]. Egger’s linear regression intercept [24],
Begg—Mazumdar rank correlation test (Kendall’s
statistic (P-Q) with continuity correction were used
to assess the significance of funnel plot asymmetry
[25]. Duval and Tweedie’s trim and fill method
was used to estimate potentially missing studies
to modify the overall effect estimate for both fixed
and random effects [26]. The fail-safe N was used
to calculate the number of studies with a zero effect
size that are necessary to eliminate the funnel plot’s
overall effect size [27]. Chi square and fisher’s exact
tests were conducted to determine the prevalence
of streptococcus subspecies; a result was judged
significant at a P-value of (P < 0.05) [28].

Results

Search results and eligible studies

From databases and published articles, a total
of 534 items were discovered. After exclusion
criteria, 20 acceptable studies were selected
(Table 1, Figure 1).

Results of meta-analysis

The overall prevalence of Streptococcus spp.
was 32.25 % in all 20 acceptable studies in the
present meta-analysis (Table 1). The examination
of 5678 diseased horses with upper respiratory
symptoms revealed 1831 to be positive for
Streptococcus  spp. (Table 1). The lowest
prevalence (2.37%) was recorded in the study of
Libardoni et al. (2016b). However, the highest
prevalence (100%) was reported by Béverud et al.
(2007a) (Table 1). The final meta-analysis model
of the size effect and null test for the prevalence
of Streptococcus spp. at fixed and random effect
is shown in Table 2. At random, the effect has a
Z-value of -3.371 (P-value = 0.001) as opposed
to the fixed effect’s Z- value of -26.024 (P-value
=0.000).

Degree of Heterogeneity

A forest plot was used to evaluate and illustrate
the degree of heterogeneity in the selected
research on both fixed and random effects.
Additionally, the outcome of relative weight for
both fixed and random effects is shown in figure
2. The Q-value (926.104), I-squared (97.948),
and P- value (0.000) are the final heterogeneity
variables. Additionally, the Tau-squared is 0.989
with a 0.519 Standard Error (Table 3).

Publication bias

Effect sizes (x axis) are represented against
their standard errors and precisions (y axis) (the
inverse of standard errors) in the funnel plot by
logit event rate for the prevalence of Streptococcus
spp. in horses with upper respiratory symptoms
(Figure 4,5).The Egger’s regression intercept,
Begg’s rank test, Duval and Tweedie’s trim-and-
fill method and conducted a classic fail-safe N
analysis are designed to adjust estimates for the
potential impact of publication bias under some
explicit model of publication selection. Egger’s
linear regression test for asymmetry did not
indicate publication bias, Intercept (-0.53), 95%
confidence interval (-6.45- 5.39), t-value (0.18),
df = 18. The I-tailed P-value (recommended)
is 0.426, and the 2-tailed P-value is 0.852.
The outcome of Kendall’s tau with continuity
correction (-0.00526), with a 1-tailed P-value
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(recommended) of 0.487 and 2 -tailed P-value of
0,974. Duval and Tweedie’s trim-and-fill method
(only one study trimmed at the left side) resulted
in an adjusted correlation from — 0.857 to — 0.737
(95% CI) [from — 1.345 to — 0.428] (Figure 4, 5).

The distribution of Streptococcus species in
horse with upper respiratory tract varies varied
significantly (p<0.001). Where Streptococcus
equi subspecies equi was more prevalent than
Streptococcus equi subspecies zooepidemicus
(P-value 0.005, RR: 0.87, 95% CI 0.79 to 0.96),
Streptococcus equisimilis, (P-value <0.0001,
RR: 8.24, 95% CI 6.55 to 10.35), and other
Streptococcus spp. (P-value <0.0001, RR: 2.11,
95% CI 1.85 to 2.40). Moreover, the prevalence
varied between Streptococcus equi subspecies
zooepidemicus and Streptococcus equisimilis
(P-value <0.0001, RR: 9.47, 95% CI 7.55 to
11.88), and between Streptococcus equi subspecies
zooepidemicus and other Streptococcus spp.
(P-value <0.0001, RR: 2.43, 95% CI 2.14 to 2.76).

Discussion

The prevalence of inflammatory airway
disorders in horses is high and can affect horses
at different ages and discipline [29, 31, 32]. It
is the cause of cute infectious disease named
Strangles, [33, 34], with characteristic clinical
findings [34, 35]. The current study’s objective
was to use meta-analyses to determine the pooled
prevalence of Streptococcus spp. in horses with
upper respiratory manifestations. To reduce the
publication bias, the current systematic meta-
analysis was carried out in accordance with the
PRISMA guidelines.

In the present study, twenty studies met the
criteria of selection. Out of 5678 diseased horses
with upper respiratory symptoms examined, the
pooled prevalence of Streptococcus spp. was
determined to be 32.42%. According to the
analysis’s findings, Béaverud et al., 2007a in
Sweden had the greatest prevalence (100%, and
95% CI: 0.85-0.99). But Libardoni et al.’s 2016b
study recorded the lowest prevalence (2.37%,
95% CI: 0.01-0.03). Studies on the prevalence of
Streptococcus spp with respiratory manifestation
in horses have been conducted with varying
degrees of results [31, 36-54]. The high prevalence
of Streptococcus spp. with respiratory symptoms
in horses may be due to the endemicity of these
bacteria in the horse population [55]. Due to the
fact that S. equi can be found in the respiratory
tracts of both healthy and horses exhibiting
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symptoms of respiratory disease [56]. Factors
favor increase or restrict the prevalence of
Streptococcus in equine were previously studied
and stated [57]. In the selected studies, the
prevalence of Streptococcus spp. in horses with
respiratory manifestation was examined using
conventional and molecular methods
(nasopharyngeal swab, bacterial culture and
identification, and PCR) both fixed and random
effects were assessed [46]. This research included
20 studies; 8 out of 20 depended on traditional
techniques for Streptococcus identification and 12
out of 20 depended on molecular ones. Molecular
diagnostics, which are known to have a high
sensitivity [58, 59]. According to the meta-
analysis’s findings, from the logit of the fixed
effect model in the present study, large studies by
some studies[44, 45, 54] have a relative weight of
55.23 %, while the small studies by several [36,
37, 39, 48, 52] are given only about 1.99 % of the
relative weight. The common effect is well
estimated by the larger studies, while the common
effect is poorly estimated by the small study,
hence the small studied are given a low weight.
Small studies have a negligible effect on the total
value, which is calculated in the range of 0.00 to
0.50, with only 1.99% of the relative weight. In
contrast, each study’s effect size under the random
effect model is estimated for a specific population,
hence each study’s estimate must be assigned the
proper weight in the analysis. In the current
analysis, as shown in the column of the “Relative
weights” under random effect each of the large
studies carried out by some investigators [44, 45,
54] are given about 16.58 % of the relative weight
(rather than 55.23 %), even though the small
studies that carried out by some studies [36, 37,
39, 48, 52] are given about 20.27 % of the relative
weight (rather than 1.99 %). In contrast to the
fixed effect model, when the small study had
essentially no influence, it has a much greater
impact effect. Concretely, it receives a relative
weight of 20.27%, which is virtually the same as
the weight given to any of the larger studies
(16.58%). As a result, studies that are larger and
have smaller standard errors are given greater
weight than those that are smaller and have larger
standard errors. The pooled effect estimate’s
uncertainty is reduced by this selection of weights.
For heterogenicity in our study, the Q-value
(926.104), I-squared (97.948), and P- value
(0.000) are the final heterogeneity variables.
Additionally, the Tau-squared is 0.989 with a
0.519 Standard Error. It is crucial to determine the
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magnitude of the variance between the
distributions since the studies included in the
meta-analyses have varying effect sizes [60, 61,
62]. Statistical methods, such as the Cochran’s Q
test or the index of heterogeneity 12 (I-squared),
can be used to quantify the level of heterogeneity
in meta-analysis research. The eyeball test
(graphical method at forest plot) is a less formal
alternative to assess the heterogeneity [63]. In the
present study, the z-values of the prevalence of
Streptococcus spp. in horses with upper respiratory
symptoms were -26.024 (P -value < 0.000) and
-3.371 (P-value < 0.001) for both the fixed and
random effects, respectively. In the current study,
the Q-statistic for the prevalence of Streptococcus
spp. with upper respiratory manifestations in
horses was 926.104, compared with the expected
value of 19 (P-value < 0.000) [64, 65]. The tau-
squared of the prevalence of Streptococcus spp.
with upper respiratory manifestations in horses
was 0.989. This is the variance “between studies”
that was utilized to calculate the weights. Fixed-
effect model often includes Q- statistic and tau-
squared, whereas random-effect model does not
typically provide the Q-statistic or tau-squared.
According to the current statistical analysis, there
is >75% great heterogeneity in the prevalence of
Streptococcus  spp. with upper respiratory
symptoms in horses, and only three individual
studies have an overall effect that indicates there
is data heterogeneity. The overall effect estimated
by the random effects model corresponds to the
mean of the distribution of the true effect. The
sample size, sampling technique, age, breed, and
gender of the animals in our study may be
responsible for the statistical discrepancies
between the studies. Publication bias is based on
the assumption that not all studies on a study’s
results are published depending on the direction
or significance of the study’s findings. Studies
with small sample sizes, insufficient power, no
discernible difference between groups, and a
higher incidence of complications or adverse
events in the research study are thought to have a
detrimental impact on the overall effect or to
introduce bias by increasing the average effect
size [66]. Therefore, detecting of the publication
bias is a crucial issue because such bias may lead
to incorrect conclusions of systematic reviews
[67]. A funnel plot is frequently used in systematic
reviews and meta-analyses to examine the
existence of publication bias or systematic
heterogeneity in individual studies. Effect size is
typically displayed against standard errors or

precisions in this type of funnel plot [68]. Because
the funnel plot in the current study is asymmetric,
there is a systematic distinction between studies
with higher and lower precision. Several statistical
tests, including the Egger’s regression test [24]
and Begg’s rank test [25], have been proposed to
examine publication bias in the funnel plot.
Egger’s regression test is a statistical tool for
measuring funnel plot asymmetry through the
standardized effect sizes on their precisions; in the
absence of publication bias, the regression
intercept is expected to be zero [24, 69]. The Begg
and Mazumdar rank correlation test examines the
correlation between the effect sizes and their
corresponding sampling variances; a strong
correlation implies publication bias [25]. The
outcome of rank test in the present study is
Kendall’s Tau (-0.0052), z-value for Tau (0.0324)
and P-value (0.487). This outcome provides the
Egger regression test results with no indication of
publication bias. In addition, the trim and fill
method are another attractive tool that modifies
the predicted total effect size in addition to testing
for publication bias [70]. It uses a repeated method
to remove small studies at the extreme ends of the
positive end of the funnel plot. The trimming and
filling process is repeated until the funnel plot is
symmetric in regard to the effect size [71]. In the
present study, the results of the trim-and-fill
method appear as the closed dots indicate the
missing studies (only one study), and the open
dots indicate the observed studies (about 19
studies) imputed which depend greatly on the
selected estimator (RO, L0, or QO0) for imputing
missing studies. The fail-safe N or file drawer
number strategy is another tool created by
Rosenthal in 1979 [72] to counteract publication
bias. It assumes that it is possible to calculate the
actual number of missing studies and argues that
finding studies to include in a meta-analysis is
necessary before determining whether the p value
is significant. The use of fail-safe N assumes that
the main effect of missing studies has no effect. In
the present study of that meta- analysis
incorporates data from 20 studies, which yield a
z-value of -22.18542 and corresponding 2-tailed
p-value of 0.00000. The fail-safe N is 2543. This
means that we would need to locate and include
2543 ‘null’ studies for the combined 2-tailed
P-value to exceed 0.050. From another way, there
would need to be 127.2 missing studies for every
observed study for the effect to be nullified.
Despite being frequently used in meta-analysis
applications, these publication bias tests may have
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high type I error rate or low power in certain
simulation settings [73-77]. The limitations of the
current study should be identified. Generally, the
protocol was carried out in accordance with
PRISMA guidelines to minimize the limitations.
Unfortunately, there is no available publication of
prevalence of the streptococcus spp in horses with
upper respiratory manifestation all over the world
wid. Therefore, we included published peer-
reviewed publications, which could have limited
the number of studies included in the meta-
analysis (20 individual studies).

Conclusion

The results of the present meta-analysis
provide an idea about the prevalence and
distribution of streptococcus spp in horses with
upper respiratory tract diseases.
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Fig. 2. Forest Plot of the prevalence of Streptococcus spp. in horses with upper respiratory manifestations shows
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models of 20 observed studies.
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Fig. 3. Forest Plot of the prevalence of Streptococcus spp. in horses with upper respiratory manifestations
shows the logit event rate, 95% C, standard error, and variance on both Fixed and Random
models of 20 observed studies.
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Funnel Plot of Standard Error by Logit event rate
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Fig.4. Funnel plot of the prevalence of Streptococcus spp. in horses with upper respiratory manifestations shows
standard error by logit event rate on fixed (A) and random (B) models of 20 observed and imputed studies.
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Fig.5. Funnel plot of the prevalence of Streptococcus spp. in horses with upper respiratory manifestations shows

precision by logit event rate on fixed (A) and random (B) model of 20 observed and imputed studies.
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TABLE 2. Final Meta-analysis model of the effect of size and test of null (2-tail) for 20 observed studies on the

prevalence of Streptococcus spp in diseased horses with upper respiratory manifestations.

Effect size and 95% Confidence Interval Test of null (2-Tail)
Model . Point . .
Number of studies . Lower limit Upper limit Z-value P-value
estimate
Fixed 20 0.311 0.298 0.324 -26.024 0.000
Random 20 0.312 0.223 0.418 -3.371 0.001

TABLE 3. Heterogeneity and Tau-squared for 20 observed studies on the prevalence of Streptococcus spp in

diseased horses with upper respiratory manifestations.

Heterogeneity Tau-squared
Model
Number df
of studies Q-value Q) P-value | I-squared Tau-squared | Standard Error
Fixed 20 926.104 19 0.000 97.948 0.989 0.519
Random 20 - - - - - -
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