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Abstract. Auscultation of the lung is the first line for the diagnosis of lung lesions. Analysis of the
auscultated sounds is promising in the diagnosis confirmation. The aim of this study is to evaluate the use
of sound analysis and oximeter for detection of the lung lesions in buffalo calves. The study included 100
calves showing respiratory symptoms and 30 clinically healthy calves serving as a control group which aged
between (2-6) months from different areas in Mosul City. A pulse oximeter was used to measure the
percentage of oxygen blood saturation, then measuring sound frequencies based on multi-resolution sound
wave analysis by using digital program (WavePad). Affected calves showed coughing (100%), lacrimation
(88%), nasal discharge (86%) and fever (58%). The sound analysis indicated that the natural sound
frequency was (221) Hz, gradually increasing to (390.5) Hz in case of pneumonia. It then became (428) Hz in
calves with wheezing sound. Diminished breathing sound had a frequency of 426) Hz synchronous with
pauses that lasted (0.4) seconds after each complete inhalation and exhalation cycle. An oximeter reading
had a positive correlation with each nasal discharge and eye lacrimation, while it had a negative correlation
with both coughing and body temperature. The study concluded that sound wave analysis and oximeter
were highly accurate in diagnosing the severity of the lung lesion compared to the detection of the clinical
signs.
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Introduction

Respiratory diseases are characterized by
appearance of clinical signs that vary according to
the infection stage and calf ages. These signs
include coughing, lacrimation, nasal discharge and
fever. Coughing is one of the most clinical signs
associated with the disease (1)(2). One of the
causes of lacrimation in respiratory diseases
begins in the form of serous secretions and turns
over the time into purulent secretions as a result
of chronic inflammation and bacterial infection
(3)(4). The cause of a nasal discharge results from
upper respiratory tract infection where purulent
mucus is produced in the trachea and then
transported into the pharynx by the movement of
mucous cilia or by coughing(5)(6). Fever in calves
suffering from pneumonia can often be attributed
to infection with various bacterial. Viral and
inflammatory diseases are due to introduction of
this exogenous pyrogens into the body and
inducing the hosts cell (macrophages) to produce
and release endogenous pyrogens such as
interleukin-1 and transmitted to the hypothalamic
thermoregulatory centre where they induce
synthesis of prostaglandins (PGE2) and raise the
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thermostatic set point to initiate the febrile
response(7)(8)(9).

The natural lung sounds are produced as a result
of the movement of air through the
tracheobronchial tree; thus, the sound becomes
louder during inhalation compared to exhalation
(10)(11). Auscultation of the lungs and airways is
an important clinical examination of the
respiratory system,. It is preferable to perform the
examination in a quiet environment as much as
possible although the animal sufficiently
restrained so that the examiner can focus on the
lung sounds. The auscultation is preferable starting
with the larynx, trachea, and tracheal bifurcation
area to assess the rate of air flow and the volume
of air sound that can be heard on the lungs (5)(12).
The pulse oximeter device is of a high value in
assessing the respiratory infection, and it has a
proven effectiveness as an accurate, inexpensive
and easy to carry a method. It is possible to start
the immediate examination on the animal to
detect the oxygen saturation percentage of the
peripheral blood (13). It is noteworthy that the
nature of the pulsatile blood flow is detected by
sensors when putting it on the areas resulting
from a gradient variation of the absorbed light and
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then translating into the ratio of oxygenated to
deoxygenated hemoglobin (14)(15). When the
pulse oximeter reading is > 95%, the animal is
considered normal; but, when the reading is within
90-94%, the animal is considered to have a mild to
moderate hypoxia. Then, the infection is
considered severe and threatens the life of an
infected animal at the reading < 90% (14). This
study aims at evaluating the use of sound analysis
and oximeter for the detection of the lung lesions
in buffalo calves.

Materials and Methods

Animals of the Study:

The study examined 130 domestic buffalo calves
including (100) infected calves that showed
respiratory signs (viz. coughing, eye lacrimation,
nasal discharge and fever), and (30) clinically
healthy calves considered as a control group
during the period from November 2021 until April
2022, aged between (2-6) months and from
different areas in Mosul City.

Auscultation, Sound Recording and Analysis:
Auscultation was performed using an electronic
stethoscope (CloudSteth Company - China) at
different places on both sides of the chest. The
auscultated sounds were recorded and saved on a
hard disk for analyzing normal and abnormal
respiratory sounds and measuring sound
frequencies based on multi-resolution sound wave
analysis by inserting a sound file into the digital
program (WavePad) that analyzed the sound
frequencies and came out in the form of numbers
and digital images (wavelengths) (18)(19).

Pulse Oximeter Reading:

A pulse oximeter (CMS60D-Vet, CONTEC T™M /
China) company was used to measure the
percentage of blood oxygen saturation. The digital
oximeter was placed at the base of the ear after
shaving the hair and cleaning with alcohol to
remove fat and other debris that obstructed the
sensor reading. The examination took one minute
for each calf and the reading was recorded. It was
kept on the device's hard disk. The device reading
was divided into (295) normal, (85-94) abnormal
and (75-84) very abnormal. According to (20)
readings, the normal reading was more than(95%),
mild to moderate case was (90%-94%) and
abnormal as well as needing oxygen therapy cases
were less than (90%).

Statistical Analysis:

The study data were statistically analyzed using
SigmaPlot for windows version 12.5.0, (Germany)
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and the Pearson correlation coefficient (21). A
linear regression plot was used to find the value of
the correlation coefficient and the relationship
between two variables.

Results

Affected calves showed coughing (100%),
lacrimation (88%), nasal discharge (86%), and fever
(58%) ( See Table 1 below).

Table 1. cClinical symptoms in infected animals.

Clinical signs Fr;‘lliggcy Percentage %
Coughing 100 100%
Lacrimation 88 88%
Nasal discharge 86 86%
Fever 58 58%

The normal sound frequency ranged from (71-371)
hertz and at an average (221)Hz ( See Figure 1
below) where infected calves had a crackling
sound of (35%), a wheezing sound of (25%) and a
diminished sound of (12%). The crackling sound
had a frequency ranging (129-652) hertz at an
average (390.5)Hz (See Figure 2), the wheezing
sounds had a frequency ranging (322-535)Hz at an
average (428) Hz (See Figure 3) while the

diminished breathing sound had a frequency
ranging (146-706)Hz at an average (426)Hz and
with pauses of respiratory cycles that lasted (0.4)
seconds after each complete
exhalation cycle (See Figure 4).

inhalation and

Fig 1. Frequencies analysis of the natural breathing
sound wave from the lung of a healthy calf.

Fig 2. Frequencies analysis of the crackling sound wave

frequencies analysis from the lung of an infected calf,
the blue arrow indicates the clearest hearing of the
crackling sound.

e year 2022 o Vol 2 No. 2 PP. 49-54.



Mean OxygenSaturation

Mean OxygenSaturation

Using of Oximeter and Sound Analysis for Detection of Lung Lesions in Buffalo Calves
1% Mohammed Tawgeeg Al-noaemy 2" Osamah Muwaffaq Al-iraqi

Fig 4. Frequencies Analysis of a diminished breathing
sound wave,the blue arrows indicates the periods of

pauses in breathing cycles.

Fig 3. Frequency analysis of the wheezing sound wave
from the lung of an infected calf.
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Temperature

From the results of the study, there was a positive
correlation between oximeter reading and each of
the nasal discharge and eye lacrimation. The value
of the correlation coefficient was (0.280),(0.239) at
the level of significance (P<0.01),(P<0.05)
respectively. However, there was a negative
correlation between the blood oximeter reading
and both cough and body temperature. Thus, the
correlation coefficient value was (-0.103), (-0.058)
respectively and without a significant difference
between them as shown inTable (2), chart(1)
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Fig 5. The correlation between Oximeter reading and Clinical signs.
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100% of the calves suffereding from respiratory
diseases agreed with the researchers (2) and (22).
Coughing is  significantly  associated  with
respiratory diseases and with lung consolidation in
calves. The coughing occuring was due to irritation
of the pharynx, trachea by caustic substances or
bacteria, as the respiratory system worked to
remove excess mucus and inflammatory secretions
(5)(23).

In addition, the study results showed that
lacrimation and nasal discharge were 88% and 86%
respectively. This result is consistent with(24)(25).
The cause was attributed to inflammatory diseases
of the upper respiratory tract in addition to the
filling of the sinuses by mucus leading to blockage
of the tear duct with inflammatory substances
(6)(26).

The results showed an increase of temperature
(58%) representing the lowest percentage among
the clinical symptoms. This result agrees with
(2)(7). The fever indicating the inflammatory
processes within the lung tissue was due to the
infection with pathogens including bacteria and
virus (5)(27). Other calves not having fever may be
the chronic stage of infection. These results agree
with (28),(29), as acute pneumonia caused a rise in
temperature, while the temperature was within
the normal level in cases of chronic infection (5).
During auscultation of the infected calves, there
were a crackling sound (35%), a wheezing sound
(25%) and a diminished breathing sound (12%).
This result is consistent with (30),(31). The
crackling sound occuring was due to presence of
inflammatory secretions and exudation in the
respiratory tract and edematous bronchial
mucosa. The researchers (32),(33) showed that the
pneumonia associated with crackle sounds has a
frequency rate of 300 Hertz, furthermore, the
wheezing sound is attributed to the vibrations of
the respiratory tracts or through the passage of air
from a narrow respiratory tract (5) where the
wheezes sound frequency associated with
pneumonia ranges from (300-600) Hertz and
frequency ranges from (100-1000) hertz (31),(34),
while the diminishing breathing sound s
associated with non-respiratory factors, including
infection and lesions that both affect the central
nervous system, the low temperature and the
metabolic activities such as low blood sugar level
or epileptic seizures(35).

AS for the results of the statistical analysis, they
showed a strong positive correlation between
oximeter read level and each of the nasal
discharge as well as eye lacrimation. The
correlation coefficient value was (0.280), (0.239) at
a significant level (P<0.01) and (P<0.05)
respectively. This result is consistent with (36),
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which says that a partial obstruction of the airways
due to inflammatory reaction leads to a lack of
lung oxygen filling, and thus the process of gas
exchange decreases between outside air and lungs
(37)(38)(39). Other researchers (40) found that
partial obstruction of the nose leads to hypoxia
and disturbances in lung function. On the other
hand, the correlation was negative and the
correlation coefficient value was (-0.103), (-0.058)
respectively with no significant difference between
the values. This result agrees with (41); viz.
coughing eliminates nasal secretions and sputum
from the lungs; however in turn, it allows oxygen
to enter the lungs thus increasing the oxygen
saturation of blood (26). This result agrees with
(42); viz the increase in temperature has a slight
effect on increasing oxygen consumption (43).

Conclusion

The study concluded that a clinical examination by
a simultaneous oximeter with a sound wave
analysis improves the respiratory disease diagnosis
in buffalo calves.
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