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Abstract

Foot-and-mouth disease (Coxsackievirus) is a serious infection that affects animals such as sheep, goats, and cattle.
The study was conducted from 1st February to 1st July 2024 / in Baquba district. The results showed that the prevalence
rate of Coxsackievirus infections was the highest 11 (73.3) in the age group (1–9) years. The Anti-Human Coxsackievirus
IgM showed a variance value of (52.315) with highly signi�cant changes (P < 0.01). The Anti-Human Coxsackievirus
IgG showed a variance value of (20.603) with highly signi�cant change (P < 0.01). The Anti-Sheep Coxsackievirus IgM
showed a variance value of (29.687) with highly signi�cant changes (P < 0.01). The Anti-sheep Coxsackievirus IgG
showed a variance value of (39.479) with highly signi�cant change (P < 0.01). Furthermore, the Anti-Goat Coxsackievirus
IgM showed a variance value of (21.429) with highly signi�cant change (P < 0.01), and the Anti-Goat Coxsackievirus IgG
showed a variance value of (26.613) with highly signi�cant change. The results also showed a weak negative correlation
(r = 1, −.011, .142) between the human Coxsackievirus and (sheep, goat) Coxsackievirus type in regard to IgM levels
respectively, and these correlations were non-signi�cant (p= 0, .507, .954) respectively. The results of this study reported
a weak positive correlation (r = .126, .310, −.014) between the levels of Human-IgG Coxsackievirus and (Sheep, Goats)
IgG respectively (P = .507, .954, .940), with statistically non-signi�cant differences. The Anti-Cattle Coxsackievirus IgM
concentration was 0.0% and Speci�city 43.3% at a Cut-off <1.62, but he Anti-sheep concentration IgG was 0.0% and
Speci�city 43.3% in Cut-off <0.96. In addition, the Anti-Goat Coxsackievirus IgM concentration was 0.0% and Speci�city
36.7% at Cut-off <1.22, and the Anti-Goat concentration IgG concentration was 0.0% and Speci�city 10.0% at a Cut off
<0.61.
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1. Introduction

F oot-and-mouth disease (FMD) or hoof-and-
mouth disease (HMD) is an infectious and

sometimes fatal viral disease that affects cloven-
hoofed animals, including domestic and wild bovids.
The virus causes a high fever lasting two to six days,
followed by blisters inside the mouth and near the
hoof that may rupture and cause lameness [1].

Humans can be infected with FMD through contact
with infected animals, but this is extremely rare. Some
cases were caused by laboratory accidents. Because
the virus that causes FMD is sensitive to stomach

acid, it cannot spread to humans via consumption of
infected meat, except in the mouth before the meat
is swallowed [2]. Symptoms of FMD in humans in-
clude malaise, fever, vomiting, red ulcerative lesions
(surface-eroding damaged spots) of the oral tissues,
and sometimes vesicular lesions (small blisters) of the
skin. According to a newspaper report, FMD killed
two children in England in 1884, supposedly due to
infected milk [3].

The Foot and mouth disease is included in the Of-
�ce International des Epizooties (OIE) list of diseases
i.e. (OIE Animal Health Code, OIE Bulletin), which
indicates that it is a communicable disease and is of a
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socio-economic signi�cance in certain countries and
signi�cantly affects international trade [4]. The dis-
ease is capable of spreading quickly via air or through
direct or indirect contact with an infected animal or
a material [5]. The major mode of its transmission is
by virus particle inhalation via direct contact with the
breath of an acutely-infected animal [6].

The disease may also be transmitted indirectly
through contaminated environments when foot-and-
mouth disease virus (FMDV) can live for long periods
under favorable circumstances [7]. A temperature be-
low 50° C, relative humidity >55% and a neutral pH
are ideal circumstances for the virus to survive [8]. It
has been observed that airborne transmission is also
involved in the disease transmission over both long
distances (regarded as up to 50 km over land and 200
km over water) and short distances (within a premise
and a neighboring premise within 2 km proximities)
[4]. Although airborne transmission is extensively
studied for (FMDV), there is still a gap in our infor-
mation on the practical methods for controlling FMD
and on how modern applications, instrumentation,
and modeling can help our understanding of airborne
FMD transmission. This study aimed to revisit our
current knowledge and identify gaps that can directly
inform and aid future studies in this area [9].

The highly infectious viral hand, foot, and mouth
disease (HFMD) causes blister-like rashes on a child’s
feet and hands and painful sores in their mouth. Ba-
bies and children <5 years old are most frequently
affected by the disease. The HFMD disease is usually
mild and disappears on its own within (7–10) days.
The single-stranded RNA virus (Genus Aphthovirus,
family Picornaviridae) causes foot-and-mouth dis-
ease, which affects cloven-hoofed animals [10]. Since
FMDV has no external membrane, it is destroyed
quickly in circumstances of pH <5.0 and pH >11.0.
The viability of the virus is drastically reduced when
it is exposed to a relative humidity of ≤60% or when
it is placed at 56°C for 30 minutes. Seven FMDV types
are present: A, O, C, SAT1, 2, 3 as well as Asia 1 [6.11].
The characterization of individual virus strains has
been enabled by the development of molecular meth-
ods [12]. This study aimed to evaluate the foot and
mouth disease among cattle, goats and humans in
Baquba district, Diyala, Iraq.

2. Materials and methods

2.1. Study design and subjects

In the current study, blood specimens (5 ml) were
taken from 30 people infected with Coxsackievirus
residing in Transient Diseases Hospital / Baquba,
Diyala lraq. Also, blood specimens were taken from

Table 1. Prevalence of Coxsackievirus according to ages and Residency.

Patients Control No (%)
Age groups No (%) Age groups

(1–9) 11 (73.3) (12–19) 11 (73.3)
(10–29) 3 (20.0) (20–29) 3 (20.0)
(30≥40) 1 (6.7) (30≥40) 1 (6.7)

Total 15 (100.0) Total 15 (100.0)
Residence No (%) No (%)
Urban 6 (25.0) 16 (53.3)
Rural 24 (75.0) 14 (46.7)
Total 30 (100.0) 30 (100.0)

30 sheep and 30 goats at the veterinary medical clinics
in Baquba District. In addition, 15 blood specimens
were taken from healthy persons.

Also, 15 specimens were taken from healthy sheep
and 15 specimens from healthy goats as controls dur-
ing the period from 1st February to 1st July 2024 in
Baquba District, Diyala, Iraq. The ELISA kit from
MyBioSorces company was used to estimate the Cox-
sackievirus IgG and IgM in the specimens.

2.2. Statistical analysis

Statistical analysis was carried out using Statistical
Package for the Social Sciences (SPSS) version 23.0
(SPSS, IBM Company, Chicago, IL 60606, USA) which
included the t-test. The (P < 0.05) was considered
signi�cant.

3. Results

The results in (Table 1) showed that the prevalence
rate of Coxsackievirus infections was the highest at 11
(73.3%) in the age group (1–9) years, then 3 (20.0%) in
the age group (10–29) years followed by 1 (6.7%) in
the age group (30–≥40) years, while the distribution
of Coxsackievirus infections in the rural area was 24
(80%) and 6 (20%) the urban area.

The range of Human Coxsackievirus IgM was 5.42
with Minimum statistical 1.08 and Maximum statis-
tical 6.50 compared to the healthy individual whose
range was .74, with Minimum statistical .01 and
Maximum .75. Also, the range of Human Coxsack-
ievirus IgG was 2.15 with Minimum statistical .25
and Maximum statistical 2.40 compared to the healthy
individuals whose range was .99, with Minimum sta-
tistical .01 and Maximum 1.00. However, the range
of sheep Coxsackievirus IgM was5.49 with Minimum
statistical 1.01 and Maximum statistical 6.50 com-
pared to the healthy control whose range was .65,
with Minimum statistical .01 and Maximum .66, and
the range of sheep CCHF IgG was 2.25 with Minimum
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Table 2. Descriptive Statistics of Coxsackievirus in Cattle, Goats and Humans.

Patients Control

Range Minimum Maximum Range Minimum Maximum

Human IgM 5.42 1.08 6.50 .74 .01 .75
Human IgG 2.15 .25 2.40 .99 .01 1.00
Cattle IgM 5.49 1.01 6.50 .65 .01 .66
Cattle IgG 2.25 .25 2.50 .65 .01 .66
Goats IgM 3.59 1.01 4.60 .87 .01 .88
Goats IgG 2.40 .10 2.50 .68 .01 .69

statistical .25 and Maximum statistical 2.50 compared
to the healthy control.

The results also revealed that the range .65, with
Minimum statistical .01and Maximum .66. The range
of Goats Coxsackievirus IgM was 3.59 with Minimum
statistical 1.01 and Maximum statistical 4.60 com-
pared to the healthy control, while the range was .87,
with Minimum statistical .01 and Maximum .88, and
the range of Goats Coxsackievirus IgG was 2.40 with
Minimum statistical .10 and Maximum statistical 2.50
compared to the healthy control, the range .68, with
Minimum statistical .01 and Maximum .69 as shown
in (Table 2).

Table 3 illustrates that the Anti-Human Coxsack-
ievirus IgM showed a variance value of (52.315)
with highly signi�cant changes (P < 0.01). The Anti-
Human Coxsackievirus IgG showed a variance value
of (20.603) with highly signi�cant change (P < 0.01).
Also the Anti-sheep Coxsackievirus IgM showed a
variance value of (29.687) with highly signi�cant
changes (P < 0.01). The Anti-sheep Coxsackievirus
IgG showed a variance value of (39.479) with highly
signi�cant change (P < 0.01). Furthermore, the Anti-
Goat Coxsackievirus IgM showed a variance value of
(21.429) with highly signi�cant change (P < 0.01), and
the Anti-Goat Coxsackievirus IgG showed a variance
value of (26.613) with highly signi�cant change.

The results of this study showed that there were
weak negative correlations (r = 1, −.011, .142) be-
tween the human Coxsackievirus and (sheep, Coat
Coxsackievirus type with the levels of IgM respec-
tively) and these correlations were non-signi�cant
P-value (0,.507, .954) respectively. The results of
this study reported weak positive correlations (r =

Table 3. Comparison between Anti-Coxsackievirus IgM and Anti Cox-
sackievirus IgG among Study groups.

Parameters F P-Value C.S.

Human IgM 52.315 .000 P < 0.01 (HS)
Human IgG 20.603 .000 P < 0.01 (HS)
Cattle IgM 29.687 .000 P < 0.01 (HS)
Cattle IgG 39.479 .000 P < 0.01 (HS)
Goats IgM 21.429 .000 P < 0.01 (HS)
Goats IgG 26.613 .000 P < 0.01 (HS)

.126, .310, −.014) between the levels of Human-
IgG Coxsackievirus and (sheep, Goatt) IgG respec-
tively (P-value = .507, .954, .940), and these correla-
tions were statistically non-signi�cant for the three
above-mentioned tests (P-value ≥ 0.05), as shown in
(Table 4).

Results of the ROC test in Table 5 and Fig. 1 revealed
that the Sensitivity of Anti-human Coxsackievirus
IgM concentration was 0.0% and Speci�city 46.7%
in a Cut off <1.71. Also, the Sensitivity of Anti-
human Coxsackievirus IgG concentration was 0.0%
and Speci�city 16.7% in Cut off <0.90. The Anti-Cattle
Coxsackievirus IgM concentration was 0.0% and
Speci�city 43.3% in Cut off <1.62. But the Anti-sheep
concentration IgG was 0.0% and Speci�city 43.3% in
Cut off <0.96. In addition, the Anti-Goat Coxsack-
ievirus IgM concentration was 0.0% and Speci�city
36.7% in Cut off <1.22, and the Anti-Goat concentra-
tion IgG concentration was 0.0% and Speci�city 10.0%
in Cut off <0.61.

4. Discussion

Coxsackievirus is a risky infection that infects an-
imals like sheep, goats, and humans. The results
showed that the prevalence rate of Coxsackievirus
infections was the highest at 11 (73.3%) in the age
group (1–9) years, then 3 (20.0%) in the age group
(10-29) years followed by 1 (6.6%) in the age group
(30-≥40) years. These �nding agreed with (Kordi et
al., 2024), who found that the age group 1–10 years is
more affected because children are more susceptible
to this virus [13]. The distribution of Coxsackievirus
infections in the rural was 24 (80%) and in the urban
was 6 (20%), with highly signi�cant variation. Zhu et
al., reported that the people of the rural area are the
most infected with the Foot and Mouth virus [14]. The
variance of Anti-Human Coxsackievirus IgM was (F
= 52.315) with highly signi�cant changes, and these
results matched with Rodríguez-Habibe et al. who
showed that the Anti-Human Coxsackievirus IgM
should be higher in people in the acute phase of in-
fection with Foot-and-Mouth disease [15].
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Table 4. Correlations between Coxsackievirus antibodies among study groups.

Human IgM Human IgG Cattle IgM Cattle IgG Coats IgM Goats IgG

Human IgM r 1
P-Value

Human IgG r .126 1
P-Value .507

Sheep IgM r −.011 −.016 1
P-Value .954 .935

Cattle IgG r .310 .048 .178 1
P-Value .096 .800 .347

Coats IgM r .142 −.153 −.120 .058 1
P-Value .453 .420 .529 .759

Goats IgG r −.014 .061 .114 .095 .020 1
P-Value .940 .748 .549 .617 .917

Table 5. ROC Curve of Anti-CCHF antibodies among study groups.

Test Result Variable(s) Area Asymptotic Sig. Cut point Sensitivity Speci�city

Human IgM .000 .000 <1.71 0.0% 46.7%
Human IgG .013 .000 <0.90 0.0% 16.7%
Cattle IgM .000 .000 <1.62 0.0% 43.3%
Cattle IgG .016 .000 <0.96 0.0% 30.0%
Goats IgM .000 .000 <1.22 0.0% 36.7%
Goats IgG .032 .000 <0.61 67.0% 10.0%

The variance of Anti-Human Coxsackievirus IgG
was (20.603) with highly signi�cant changes. Cui et
al. reported that the chronic case of infection in Foot-
and-Mouth disease is also very high, as is the case of

acute infection, because both acute and chronic cases
have similar antibody concentrations [16]. The vari-
ance of Anti-sheep Coxsackievirus IgM was (29.687)
with highly signi�cant changes. Zecconi revealed that

Fig. 1. Roc Curve of Anti-Coxsackievirus antibodies among study groups.
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in severe cases of infectious foot and mouth disease in
sheep, the antibodies, which are of the IgM type, are
at a high level [17].

The variance of Anti-sheep Coxsackievirus IgG
showed highly signi�cant changes. Zecconi stated
that chronic infections remain high for a long pe-
riod in these sheep [17]. The variance of Anti-
Goat Coxsackievirus IgM showed highly signi�cant
change. The variance of Anti-Goats Coxsackievirus
IgG showed highly signi�cant change. These �ndings
were in a harmony with (Liu et al., 2016) who showed
that both acute infections and chronic infections are
high in goats, especially since the incubation period
may be long because the diagnosis may not be early
in these domestic animals [18].

Furthermore, there were weak negative correlations
(r = 1, −.011, .142) between the human Coxsack-
ievirus and (sheep, Coat) Coxsackievirus type with
the levels of IgM respectively. These correlations
were non-signi�cant P-value (0,.507, .954) respec-
tively. Aslam and Alkheraije found that there is a
weak or weakly positive relationship between foot
infections in humans and sheep, as well as between
humans and goats P-value ≥0.05 [19]. Also Ullah
et al. proved that there is a weak statistical rela-
tionship between infections, whether in humans or
animals [20]. According to the results, it was found
that there were highly signi�cant differences between
the people infected with Coxsackievirus compared
to the control groups, and they were as follows: the
Anti-Human Coxsackievirus IgM (F = 52.315), the
Anti-Human Coxsackievirus IgG (F = 20.603), the
Anti-sheep Coxsackievirus IgM (F = 29.687). The
Anti-sheep Coxsackievirus IgG (F = 39.479). Also the
Anti-Goats Coxsackievirus IgM (F= 21.429). Further-
more, the Anti-Goats Coxsackievirus IgM (F= 21.429)
and the Anti-Goats Coxsackievirus IgG (F = 26.613),
P < 0.01 (HS) respectively. These results were incon-
sistent with Dubie and Negash, who found that there
are high levels of antibody concentrations in the acute
condition, IgM in humans and animals, with Foot,
Hand, and Mouth diseases, and the levels of IgG in
the chronic conditions are present in advanced stages
[21]. The results of this study were compatible with
Das et al. who reported that there were highly impor-
tant differences among animals and human P < 0.01
[22].

5. Conclusion

According to the results, it was found that there
were very signi�cant differences between the people
infected with Coxsackievirus compared to the con-
trol groups, regarding Anti-Human Coxsackievirus
IgM, Anti-Human Coxsackievirus IgG, Anti-sheep

Coxsackievirus IgM, Anti-sheep Coxsackievirus IgG,
Anti-Goat Coxsackievirus IgM, and Anti-Goat Cox-
sackievirus IgG.
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