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Abstract

This observation study aimed to investigate the antimicrobial susceptibility pattern and  bla
CTX-M

 gene

encoding in Escherichia coli isolates collected from healthy goat farms in Sai Yok District, Kanchanaburi
Province, Thailand. By collecting 92 samples from rectal swabs from goats in 7 subdistricts in Sai Yok District,
the bacterial identification, antimicrobial susceptibility test, and detection of the presence of bla

CTX-M
 genes by

conventional polymerase chain reaction (PCR) techniques were performed. Based on the results of the study, E. coli
prevalence was found in 72.8% of the samples (n = 67). The prevalence rate of E. coli isolated from the samples
from 6 subdistricts (85.7%) was higher than or equal to 50%. One influencing factor of the high E. coli detection
was the person administering antimicrobial agents to goats (p < 0.001). The number of E. coli isolated from
goats drinking water from natural sources was higher than that isolated from goats drinking from the tap water
system (p < 0.038). The antimicrobial susceptibility of amoxicillin/clavulanic acid, imipenem, fluoroquinolones,
piperacillin/tazobactam, and trimethoprim/sulfamethoxazole completely covered entire isolations. E. coli showed
the highest resistance rate to cefotaxime (19.4%). The antimicrobial resistance (AMR) patterns were categorized
by the number of antimicrobial agents into three patterns: one, two, and at least three AMRs (63%, 27%, and
10%, respectively). Every drug resistance pattern contained cefotaxime in all groups. The bla

CTX-M
 gene was not

found from all E. coli isolates. The study suggested the slightly high prevalence with the welling trend of AMR
characteristics among the E. coli isolates collected from healthy goat farms in Sai Yok District, Kanchanaburi
Province. Some influencing factors may be important for farm management to prevent the occurrence and

spread of antimicrobial-resistant characteristics in goat farms.

Keywords:  Escherichia coli, goat, Antimicrobial susceptibility, bla
CTX-M

, Kanchanaburi
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Introduction

Escherichia coli is a common aerobic bacterium

of the mammalian gut microbiome, especially in the

lower intestine of mammals (Blount 2015). This versatile

pathogenic bacterium can cause a variety of gastro-

intestinal and extraintestinal infections, such as

hemolytic-uremic syndrome, urinary tract infections,

and septicemia (Riley 2020). Many studies revealed that

livestock ruminants are the major reservoirs of this

important foodborne pathogen (Gonzalez and Cerqueira

2020). Pathogenic strains of E. coli are commonly

isolated from foodborne illness patients who consumed

contaminated dairy products (Elzhraa et al., 2021).

Goats have also emerged as important subclinical

carriers of E. coli transmission into humans through

food contamination by animal feces (La Ragione et al.,

2009; Carlos et al., 2010; Al-Ajmi et al., 2020). E. coli

contamination can be found in various food products

from these small domestic ruminants, such as goat milk

and cheese (Ioanna et al., 2018). In Tanzania, more than

90% of goat meat samples have tested positive for E. coli

(Mwanyika et al., 2016). The goat skin leather and fecal

samples collected in the United States and Mexico

revealed the presence of E. coli contamination at the rates

of 1.7% and 19.7%, respectively (Hanlon et al., 2018), and

the contamination rate of skin leather and fecal samples

from Saudi Arabia was at least 2% (Bosilevac et al., 2015).

The household ownership of goats is a factor associated

with the detection of pathogenic E. coli in children, which

causes negative and long-term outcomes of illnesses

(Lambrecht et al., 2021). Moreover, 5.9% of goat fecal

samples from Rwanda exhibited a multidrug-resistant

(MDR) phenotype (Manishimwe et al., 2021). The

problem of antimicrobial resistance (AMR) transmission

between humans and livestock should be of concern.

Given the continuous evolution of AMR genes, E. coli

strains and phylogenetic results of AMR genes showed

random spread patterns between livestock farms in each

country (Leekitcharoenphon et al., 2021), especially the

extended spectrum β-lactamase (ESBL) E. coli which is a

major phenotype contaminating pigs, poultry, and small

ruminants (Miltgen et al., 2022). ESBLs have been

classified into several families such as the TEM-, SHV-,

IRT-, CMT- and CTX-M- type ESBLs. Several variants

of CTX-M, which is the most widespread ESBL type,

commonly found worldwide (Castanheira et al., 2021).

The understanding of animal reservoirs and transmission

patterns leading to the acquisition of ESBL-producing

Enterobacterales between humans and livestock is

urgently required. However, studies on the derived

surveillance of ESBL E. coli infection in small ruminants

in Thailand are limited.

Thus, this study aimed to survey the prevalence,

antimicrobial susceptibility pattern, and the encoding of

bla
CTX-M

 gene in E. coli isolated from healthy goat

farms in Sai Yok District, Kanchanaburi Province,

Thailand. The data from the small ruminant farm must fill

the gaps in our knowledge to solve the AMR problem via

a health system.

Materials and Methods

Sample collection

The study protocol was approved by the Faculty

of Veterinary Science-Animal Care and Use Committee

(FVS-ACUC no. MUVS-2017-10-47) and Veterinary

Science-Institutional Biosafety Committee (IBC/MUVS-

B-003-2561). A total of 92 rectal swab samples were

randomly collected from healthy female goats (7 months

to 2 years of age) living in seven local goat farms. Each
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farm was located in each subdistrict of Sai Yok District,

Kanchanaburi Province, Thailand (Figure 1 and Table 1).

Bacterial isolation and identification

The rectal swab samples were collected using the

Cary-Blair transport medium (EUROTUBO®) and then

inoculated onto sheep blood and MacConkey agar plates

(Clinical diagnostics LTD., Thailand). A loopful of each

culture was streaked on eosin methylene blue-selective

agar (Oxoid LTD., England), and the plates were incubated

at 37 oC for 24 h. In addition, biochemical tests were

performed for further confirmation, including gram

staining, triple sugar iron, MIO-motility indole, urease,

oxidase and catalase tests (Oxoid LTD., England) (Md

Bashir Uddin, 2022). E. coli ATCC25922 was used as the

control strain. Then, confirmations of microorganism

species were performed by matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry

(MALDI-TOF MS) analysis at the Kamphaeng Saen

Veterinary Diagnostic Center, Faculty of Veterinary

Medicine, Kasetsart University, Kamphaeng Saen

Campus, Nakhon Pathom Province, Thailand.

Antimicrobial Susceptibility Test

Disc diffusion method

The susceptibility of the isolates to antimicrobial

agents was determined by the disc diffusion method

using the following antimicrobials: ampicillin (10 μg),

amoxicillin/clavulanic acid (20/10 μg), imipenem (10 μg),

meropenem (10 μg), cefotaxime (30 μg), cefpodoxime (30

Figure 1. Modify geographic map of goat farms from 7 subdistricts in Sai Yok District, Kanchanaburi Province,

Thailand. (Google, 2022)
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μg), ceftriaxone (30 μg), ciprofloxacin (5 μg), norfloxacin

(10 μg), enrofloxacin (5 μg), sulfonamides (25 μg),

gentamycin (10 μg), amikacin (30 μg), nitrofurantoin

(100 μg), and piperacillin/tazobactam (100/10 μg) (Oxoid

LTD., England). The zone of inhibition (mm) was mea-

sured and interpreted in accordance with the Clinical and

Laboratory Standards Institute (CLSI) (CLSI, 2018).

E. coli ATCC25922 was used as the control strain.

Screening of the ESBL-producing E. coli phenotype

The isolates showing resistance characteristics to

cefotaxime (the zone of inhibition: less than 27 mm) and

ceftriaxone (the zone of inhibition: less than 25 mm)

were screened for ESBL production using a modified

double-disc synergy test (MDDST). A lawn culture of the

organisms was made on a Mueller-Hinton agar plate,

as was recommended by CLSI (CLSI, 2018). The

amoxicillin/clavulanate (20/10 μg) was placed at the

center of the plate along with four cephalosporins:

third-generation cephalosporins (cefotaxime, ceftriaxone,

and cefpodoxime) and a fourth-generation cephalosporin

(cefepime). The discs of third- and fourth-generation

cephalosporin were placed 15 and 20 mm apart (Kaur

et al., 2013).

bla
CTX-M

 gene encoding in E. coli isolates by polymerase

chain reaction (PCR) technique DNA extraction

The genomic DNA of E. coli isolates was extracted

from a single colony following the boiling method (Bai

et al., 2010). Briefly, a single colony was picked and

boiled in 100 μl RNase-free water (Thermo Fisher

Scientific, USA) in a 95 oC block heater for 10 min and

then centrifuged at 1,300 rpm for 10 min to remove the

cell debris. The supernatant was transferred to a new tube,

whose concentration and purity were measured by a

Nanodrop One (Thermo Fisher Scientific, USA) at

260/280 and 260/230 ratios, respectively, and kept at

-20 oC until use.

Amplification and detection of beta-lactamase gene

The supernatant DNA of boiled bacterial colonies

was used as a template to amplify 543 base pairs (bp) of

the bla
CTX-M

 gene using the CTX-M universal primers:

MA1; 5'-SCSATGTGCAGYACCAGTAA-3' and

Table 1. Prevalence of E. coli isolated from goats in livestock farms from 7 subdistricts in Sai Yok District, Kanchanaburi

Province, Thailand

Subdistrict
Location of
goat farms

No. of rectal
swab (n=92)

No. of E. coli
isolations

(n=67)

Prevalence of isolated E.
coli (%)

Sai Yok 14o28'08.2"N 98o50'32.3"E 8 8 100

Lumsum 14o05'14.8"N 99o07'54.0"E 14 12 85.7

Si Mongkhon 13o59'32.6"N 99o15'25.3"E 14 12 85.7

Tha Sao 14o19'07.1"N 98o58'36.8"E 14 12 85.7

Sing 14o06'54.9"N 99o12'19.6"E 14 11 78.6

Wang Krachae 14o15'31.5"N 98o56'13.4"E 14 7 50.0

Bongti 14o05'08.4"N 99o00'18.1"E 14 5 35.7
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MA2; 5'-CCGCRATATGRTTGGTGGTG-3' (Macrogen

laboratory, South Korea) (Saladin et al., 2002). The PCR

reaction was set up as follows: 12.5 μl Taq polymerase

TopTaq master mix (Qiagen., Hilden, Germany) and 0.5

μl each of forward and reverse primers (10 μm), 2.5 μl

CoralLoad Concentrate, 2 μl DNA template (50 ng/μl),

and up to 25 μl molecular biology grade water in a PCR

tube. The CTX-M1 ESBL-producing E. coli was used as a

positive control (Lugsomya et al., 2018). Amplifications

were conducted in a T100TM Thermal Cycler. The

thermocycling conditions were set up as follows: one 5

min step at 94 oC followed by 35 cycles of 30 s at 94 oC,

30 s at 54 oC, and 60 s at 72 oC with a final extension step

of 10 min at 72 oC. Amplicons were electrophoresed on

2.0% agarose gels, stained with GelRedTM(Biotium,

USA), and visualized using a c150 UV transilluminator

(Azure Biosystems, USA). To verify the DNA quality, we

conducted 16S rRNA amplifications using 12.5 μl

Taq polymerase TopTaq master mix 2.5 μl coralLoad con-

centrate, 0.5 μl forward primer (10 μm) (16S rRNA-F: 5'-

AGAGTTTGATCCTGGCTCAG-3'), 0.5 μl reverse primer

(10 μm) (16S rRNA-R: 5'-CTTGTGCGGGCCCCC

GTCAATTC-3') (Macrogen laboratory, South Korea)

(Yadav et al., 2009; Magray et al., 2011), 2 μl DNA

template (50 ng/μl), and up to 25 μl molecular biology-

grade water. The thermocycling conditions were set up

as follows: one 3 min at 94 oC followed by 30 cycles of 30

s at 94 oC, 30 s at 55 oC, and 60 s at 72 oC with a final

extension step of 10 min at 72 oC. The PCR products

(758 bp) were examined, stained, and visualized as

described (Yadav et al., 2009).

Statistical analysis

The IBM SPSS Statistics 21 was used to analyze

the statistical differences in the collected data. The

influencing factors of goat farm operations were also

analyzed by Chi-square test. All significant levels were

justified at p-value < 0.05

Results

Prevalence of E. coli isolates from healthy goat farms

in Sai Yok District, Kanchanaburi Province

A total of 67 E. coli isolates (72.8%) were

identified from 92 swab samples. These E. coli isolates

can be found in all goat farms in Sai Yok District. Table 1

showed the prevalence of E. coli from each subdistrict.

The prevalence rates of the isolated samples from 6

subdistricts (85.7%) were higher than or equal to 50%.

Factors related to the prevalence of E. coli

The data of influencing factors related to farming

operations were collected and classified (Table 2). The

results showed that all 92 goats received antimicrobial

agents at least 3 months before the sample collection,

and 84.8% of the goats were given drugs by the owner.

The number of E. coli isolates from these groups was

significantly higher than that in the goats that received

antimicrobial agents from a veterinarian (p < 0.001). The

E. coli isolated from goats drinking water from natural

source nearly livestock farms showed a significant

difference compared with those found in goats drinking

from the tap water system (p < 0.038). The method of

farming and type of animal feed did not affect the

number of E. coli observed.
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Antimicrobial susceptibility of E. coli isolates

The E. coli isolates showed a high susceptibility to

almost of the antimicrobial agents tested (Table 3). The

total samples did not show resistance characteristics

to amoxicillin/clavulanic acid, fluoroquinolones, and

trimethoprim/sulfamethoxazole. A moderate susceptibility

to antimicrobial agents was found with the administration

of cephalosporin (35.8%-55.2%) and amikacin (55.2%).

The highest rate of resistance was observed with

cefotaxime, but the value was less than 20%.

Among the 67 E. coli (38.8%) isolates from

healthy goats, 26 exhibited the AMR patterns categorized

by the number of antimicrobial agents in Table 4. Most

of the E. coli showed resistance to one agent followed

by two and at least three agents (63%, 27%, and 10%,

respectively). Group 1 showed the highest number of

E. coli isolates with cephalosporin resistance. Meanwhile,

57.1% of group 2 and 100% of group 3 also exhibited

resistance to cephalosporin.

Screening of the ESBL-producing E. coli phenotype

and bla
CTX-M

 gene expression

      Out the 67 E. coli isolates (65.67%), 44 showed

positive phenotypic results of MDDST. Thus, the

conventional PCR technique was performed and screened

the isolates to determine the bla
CTX-M

 gene expression in

the total E. coli isolates using the universal primers.

The results revealed that the bla
CTX-M

 gene expression could

not be found in E. coli isolated (Figure 2 and 3)

from the goat farms in Sai Yok District, Kanchanaburi

Province.

Table 2. Farming operation factors categorized with the prevalence of E. coli isolated from goats in livestock farms

from 7 subdistricts in Sai Yok District, Kanchanaburi Province, Thailand.

Factors Category
No. of rectal

swab (%)
n=92

No. of E. coli
isolations (%)

n=67
p-value

Method of farming Intensive rearing 78 (84.8) 55 (82.1) 0.239

Semi-Intensive rearing 14 (15.2) 12 (17.9)

Animal feed Roughage 64 (69.6) 48 (71.6) 0.479

Roughage and 28 (30.4) 19 (28.4)

Concentrated

Source of water Tap water system 50 (54.3) 32 (47.8) 0.038*

Natural sources 42 (45.7) 35 (52.2)

Previous antimicrobial use Ever 92 (100) 67 (72.8) N/A

Never - -

Person giving Owners 78 (84.8) 62 (92.5) 0.001*

antimicrobials Veterinarian 14 (15.2) 5 (7.5)

N/A=Not applicable, *Significance was determined when p < 0.05.
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Penicillins AMP 92.5 (62) 7.5 (5)

AMC 100 (67) -

Carbapenems IPM 100 (67) -

MEM 89.6 (60) 10.4 (7)

Cephalosporins CRO 95.5 (64) 4.5 (3)

CPD 97.0 (65) 3.0 (2)

CTX 80.6 (54) 19.4 (13)

Fluoroquinolones NOR 100 (67) -

CIP 100 (67) -

ENR 100 (67) -

Sulfonamides STX 100 (67) -

Aminoglycosides CN 83.6 (56) 16.4 (11)

AK 98.5 (66) 1.5 (1)

Other F 97.0 (65) 3 (2)

TZP 100 (67) -

Abbreviation for table 3-4: S=Sensitivity, I=Intermediate, R=Resistant, AMP=Ampicillin,

AMC=Amoxicillin/clavulanic acid, IPM=Imipenem, MEM=Meropenem, CRO=Ceftriaxone, CPD=Cefpodoxime,
CTX=Cefotaxime, CIP=Ciprofloxacin, NOR=Norfloxacin, ENR=Enrofloxacin, STX=Trimethoprim/sulfamethoxazole,
AK=Amikacin, CN=Gentamicin, F=Nitrofurantoin, TZP=Piperacillin/tazobactam

1 CTX 6 (35.3)

CN 4 (23.5)

AMP 3 (17.6)

CRO 1 (5.9) 17(63)

CPD 1 (5.9)

F 1 (5.9)

MEM 1 (5.9)

2 CN+MEM 2 (28.5)

CN+APM 1 (14.3)

CTX+AMP 1 (14.3)

CTX+MEM 1 (14.3) 7 (27)

CTX+AK 1 (14.3)

CTX+CN 1 (14.3)

≥ 3 CTX+CPD+F 1 (33) 3 (10)

CTX+CRO+CN+MEM 2 (67)

Table 3. The antimicrobial susceptibility of E. coli isolated from goats (n=67).

Antimicrobials
The antimicrobial susceptibility (%)

S R

Table 4. The pattern of antimicrobial-resistant of E. coli isolated from goats (n=27). Group 1: resistance to 1

antimicrobial agent, Group 2: resistance to 2 antimicrobial agents, Group 3: resistance to more than 3

antimicrobial agents.

By group By pattern of resistance
The number of resistant E. coli (%)

Pattern Group
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Figure 2. PCR amplification of bla
CTX-M

 gene of E. coli on 2% agarose gel electrophoresis. Lane M DNA ladder, MW 100

bp ladder. Lanes 7 showed a typical band size of 543 bp corresponding to bla
CTX-M

 of positive isolate using

universal CTX primers (MA1 and MA2). Lanes 1-6 and 9-16 were the examples of isolated samples. Lane 8

was the negative control (nuclease-free water).

Figure 3. PCR amplification of 16S rRNA gene of E. coli on 2% agarose gel electrophoresis. Lane 1 DNA ladder, MW

100 bp ladder. Lane 2 positive control (CTX-M1 ESBL-producing E. coli). Lanes 3-7 showed a typical band

size of 758 bp corresponding to 16S rRNA of the selected isolates using 16S rRNA primers. Lane 8 was the

negative control (nuclease-free water).
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pathogenic E. coli, including the Shiga toxin-producing

and atypical enteropathogenic types. E. coli isolates were

found in goat carcass, milk, feces, and farm environment,

including feed pellets and water (Dulo et al., 2015; Alvarez-

Su  rez et al., 2016).

      All E. coli samples from this study had a high

susceptibility to almost all of the tested antimicrobial

agents, including amoxicillin/clavulanic acid, imipenem,

fluoroquinolones, and trimethoprim/sulfamethoxazole.

The samples also showed a moderate susceptibility to

cephalosporin and amikacin (more than 50%). The

highest rate of resistance was observed with cefotaxime,

but the value was not more than 20% (19.4%). The various

data on AMR characteristics and gene expression were

revealed from a previous study. Our results differed from

those in studies in Tunisia and USA, where the E. coli

isolated from goats had the highest resistance rates to

tetracycline (44.4% and 51%, respectively) (Bessalah

et al., 2021). Ndegwa et al. (2019) showed that TetB and

bla-TEM were the most detected from drug-resistant

E. coli. Most isolates in this study were resistant to only

one antimicrobial agent (63%). Similar to the E. coli

isolated from a goat farm in Bangkok, the resistance rate

to at least one antimicrobial agent was 78.3%. However,

the highest AMR was observed with streptomycin

(65.6%) (Prapasawat and Intarapuk 2021). According to

the definition by Magiorakos et al. (2012) MDR

phenotypes are non-susceptible to at least one agent in

three or more antimicrobial categories; the MDR E. coli

isolates from this study (7%) had a lower rate than those

obtained from another dairy cattle farm (37.1%) (Obaidat

et al., 2018).

The recent emergence of MDR E. coli threatens

worldwide public health. The existence of various

antimicrobial gene-encoded β-lactamases poses a

Discussion

The monitoring system for the AMR patterns in

ESBL-producing bacteria recently focused on relevant

information from cattle, pigs, and poultry and linked the

summarized data to human healthcare (Murphy et al.,

2018; Schrijver et al., 2018). The prevalence E. coli

isolates harbored bla
CTX-M

 genes trend to rise even in

newborn and young dairy cattle (Waade et al., 2021;

Nüesch-Inderbinen et al., 2022). The study of van Hoek

showed that the rapid dissemination of ESBL-E. coli in

broiler farm most likely occurred by the horizontal

transfer of plasmid carrying bla
CTX-M-1

 (van Hoek AHAM

et al., 2018). The high level of ESBL-E. coli carriage in

veterinary healthcare workers due to occupational contact

with animals might be important source of ESBL-E. coli.

(Meijs et al., 2021).

Domestic ruminants, including goats, can be

natural reservoirs by carrying E. coli in their intestine and

excreting microorganisms through feces (Dulo et al.,

2015). The digestive tract of goats is a natural habitat for

E. coli. However (Kannan et al., 2021), the prevalence of

E. coli in small domestic ruminants, especially goats, is

less reported than that in cattle. The samples from healthy

farm animals in Tunisia revealed that the highest number

of E. coli isolated from goats (27.7%) was higher than

those from sheep (20%) and cattle (14.2%) (Bessalah et

al., 2021). The prevalence rate of E. coli isolated from

healthy goats in this study (72.8%) was lower than that in

studies in Spain (79%-86%) and South Africa (80.2%)

(Malahlela et al., 2022). These values were higher than

prevalence rates in Vietnam (38.5%) (Vu-Khac et al.,

2008) and Greece (37.5%) (Tsilipounidaki et al., 2022).

Moreover, E. coli can be found in petting zoos (20.0%)

by rectal swabs (Gottling et al., 2022).  Some previous

reports revealed that healthy goats can be reservoirs of

..
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E. coli prevalence in intensively reared goats in this study

was not significantly different from that in semi-intensively

reared goats. However, intensive management was the

influencing factor of prevalence and AMR of E. coli

isolates from goats in Jordan (Novotna et al., 2005).

From the report of Gutta et al. (2009), goats receiving

concentrated feed had a higher level of E. coli in the

rectum than hay-fed goats. These results differ from the

findings of this study. The number of E. coli isolated

from goats drinking water from the natural sources near

livestock farms was significantly higher than that from

goats drinking from the tap water system (p < 0.038). The

antibiotic-resistant E. coli can be found from natural sources

of water, such as stream, inflow rivers (Ma et al., 2022),

and groundwater environments (Tropea et al., 2021).

These water sources, which are composed of bed and bank

sediments, can be a reservoir of fecal indicator bacteria,

including E. coli, because of human and livestock fecal

contamination (Brinkmeyer et al., 2015; Smolders et al.,

2015; Salam et al., 2021). Some plasmid-mediated

antibiotic-resistant E. coli were collected from riverbed

sediments near aquaculture farms and almost had

ampicillin, amoxicillin, and streptomycin resistance

characteristics (Lihan et al., 2021). These MDR E. coli

isolates from water samples near aquaculture farms

showed high resistance rates to penicillin, amoxicillin,

ampicillin, tetracycline, sulfamethoxazole, sulfisoxazole,

chloramphenicol, florfenicol and rifampin (Liao et al.,

2021). Moreover, other environmental contaminations

may be the sources of MDR E. coli gene contaminating

water sources. The samples from swine feces revealed

several drug-resistant genes in E. coli, such as clmA, gryB,

tetO, tetM, fexA, ermA, qnrS, sul1, mcr1, etc., that can be

transmitted horizontally from animal feces to the

surrounding environments of farms (Peng et al., 2021).

concern. The ESBLs are encoded by specific ESBL genes,

including bla
TEM

, bla
KPC

, and bla
CTX

. ESBL-harboring

E. coli were found in 50% of the fecal samples from

healthy food-producing animals in Pakistan. Among the

ESBL genes, bla
CTX-M

 was the most prevalent group

detected (98.66%) (Shafiq et al., 2022). The bla
CTX-M

 is

commonly detected in porcine (72.0%) and poultry farms

(34.2%) (Bal  zs et al., 2021).  In contrast to our results,

which were in agreement with those of a previous study

by Abdalhamed et al. (2021), bla
CTX-M

 expression could not

be detected from the E. coli isolates from goats by rectal

swabs. The highest rate of bla
TEM

 expression (25.9%)

was found more than that of bla
CTX-M

. In addition, our study

performed the screening of bla
CTX-M

 gene using the

universal primers (MA1/MA2) to indicate at least one

of bla
CTX-M

 genes if the PCR result showed positive.

(Ramadan et al., 2019). However, the CTX-M universal

primer might not amplify bla
CTX-M-14

, bla
CTX-M-27

,

bla
CTX-M-32

, bla
CTX-M-55

, and bla
CTX-M-65

, which have

been reported in sheep, the whole-genome sequencing

should be used to explore the multiple CTX-M type (Atlaw

et al., 2021).

In petting zoos, only one sample of Escherichia

fergusonii, not E. coli, carried a bla
CTX-M-1

-encoded ESBL

phenotype (G  ttling et al., 2022). CTX-M genotypes are

associated with different geographical regions. The reports

of isolates producing CTX-M remain sporadic in Asia

(Hawkey and Jones 2009). In addition, the prevalence of

ESBL-producing E. coli possessing the bla
CTX-M

 gene in

healthy animals is usually lower than those in diarrheic

animals (Shabana and Al-Enazi, 2020).

The contamination by drug-resistant E. coli in the

farm environment may play a role in the acquisition of

resistant bacteria shedding from feces of pastured

goats (Ndegwa et al., 2019; Nichols et al., 2021). The
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This study revealed the high prevalence of E. coli isolated

from the goats that received antimicrobial agents from

the farm owner (p < 0.001). The integration of work,

monitoring, and data sharing system between

veterinarians and farmers positively influence the animal

health, biosecurity, production management, and

livestock AMR problems (Magouras et al., 2017). As the

antimicrobial agents dispensed without a veterinary

prescription can aggravate the drug resistance problem in

livestock farms, effective veterinary services are required

to minimize the risk of prevalence and contamination by

drug-resistant bacteria (Magnusson et al., 2021). Due to

the complex association between the usage of antibiotics

on farms and the human health risk (Samreen et al, 2021),

the major aspects of future research in goat farm are to

investigate of more covering data that may contribute to

prevalence and transmission dynamics on goat farms. One

Health system may be hopeful strategies for developing

the food-animal farming management and managing the

challenge of AMR.

In conclusion, the study showed the prevalence of

E. coli isolated from healthy farm goats in Sai Yok

District, Kanchanaburi Province, Thailand (72.8%, 67

isolates from a total of 92 swab samples). This finding

implied the healthy goats can be natural reservoirs by car-

rying E. coli in their intestine. The influencing factors of

E. coli prevalence in this area were the sources of

drinking water and person providing the antimicrobial

agents. The E. coli isolates had a high susceptibility to

almost all of the antimicrobial agents tested. All isolates

were susceptible to commonly used antimicrobials, such

as amoxicillin/clavulanic acid, fluoroquinolones, and

trimethoprim/sulfamethoxazole. The E. coli isolates

showed a moderate susceptibility to cephalosporin

(35.8%-55.2%) and amikacin (55.2%). The highest

resistance rate was found E. coli isolates exposed to

cefotaxime (19.4%). Most of the drug-resistant E. coli

resisted only one antimicrobial followed by two and at least

three antimicrobials (63%, 27%, and 10%, respectively).

In addition, 7% of the E. coli isolates showed the MDR

phenotype. The bla
CTX-M

 gene could not be found from any

of the E. coli isolates. Although the study revealed the

slightly low level of MDR phenotype and non-expression

of bla
CTX-M

 gene in the goat farms, appropriate

management and monitoring strategies should be

continuously carried out to protect the animal and

human health, welfare, and food safety as public

concern issues.
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Abstract

Mosquitoes are small flying insects that are found all over the world, particularly in tropical and temperate

regions. Currently, there are approximately 3,617 officially recognized species of mosquitoes. Many mosquito

species are vectors of many important pathogens to humans and animals. However, different species of mosquitoes

have different abilities to carry disease-causing pathogens. Therefore, planning to control mosquito-borne diseases

requires information on the species diversity of vectors in the endemic area in order to be able to control them

appropriately and effectively. The purpose of this study was to study the species diversity of mosquito vectors in

Kubae Salo village, Kaluwo Sub-District, Mueang Narathiwat District, Narathiwat Province. A total of 1,214

mosquitoes were collected in this study, classified into 26 species in 10 genera (genus), of which 10 genera were

found: Aedes, Aedeomyia, Anopheles, Armigeres, Coquillettidia, Culex, Mansonia, Mimomyia, Neomelanion, and

Uranoteania. The value of the species diversity index of mosquitoes in Kubae Salo village, Kaluwo Sub-District,

Mueang Narathiwat District, Narathiwat Province was 2.139 and the species evenness was 0.657. The most

common mosquito species in this survey was An. sundaicus s.l. accounted for 3.96%, followed by Cq. ochracea

accounted for 21.09%, Cq. crassipes accounted for 18.29%, Cx. gelidus accounted for 4.20%, and Ma. bonneae

accounted for 3.71%, respectively. The results of this study could be useful in controlling mosquito vectors in

Kubae Salo village, Kaluwo Sub-District, Mueang Narathiwat District, Narathiwat Province. It is also used as

an entomological database for people to know about the risk of mosquito-borne diseases in the future.

Keywords:  Species diversity, mosquito vectors, Narathiwat
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∫∑§—¥¬àÕ

¬ÿß‡ªìπ·¡≈ß∫‘π‰¥â¢π“¥‡≈Á°∑’Ë “¡“√∂æ∫‰¥â∑—Ë«‚≈° ‚¥¬‡©æ“–„πæ◊Èπ∑’Ë‡¢μ√âÕπ·≈–‡¢μÕ∫Õÿàπ ªí®®ÿ∫—π¡’¬ÿß∑’Ë‰¥â√—∫™◊ËÕÕ¬à“ß

‡ªìπ∑“ß°“√ ®”π«πª√–¡“≥ 3,617 ™π‘¥ ¬ÿßÀ≈“¬™π‘¥‡ªìπæ“À–π”‡™◊ÈÕ°àÕ‚√§∑’Ë ”§—≠À≈“¬™π‘¥¡“ Ÿà¡πÿ…¬å·≈– —μ«å Õ¬à“ß‰√

°Áμ“¡¬ÿßæ“À–·μà≈–™π‘¥ ¡’§«“¡ “¡“√∂„π°“√π”‡™◊ÈÕ°àÕ‚√§‰¥â·μ°μà“ß°—π ¥—ßπ—Èπ°“√«“ß·ºπ§«∫§ÿ¡‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß

¬àÕ¡μâÕßÕ“»—¬¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õßæ“À–π”‚√§„πæ◊Èπ∑’Ë ®÷ß®–¥”‡π‘π°“√§«∫§ÿ¡‰¥âÕ¬à“ß‡À¡“– ¡·≈–¡’

ª√– ‘∑∏‘¿“æ °“√»÷°…“„π§√—Èßπ’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßæ“À–π”‚√§„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ

μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  ‚¥¬¬ÿß∑’Ë√«∫√«¡‰¥â„π§√—Èßπ’È¡’∑—Èß ‘Èπ 1,214 μ—« ®”·π°ÕÕ°‡ªìπ 26 ™π‘¥

(species) „π 10  °ÿ≈ (genus) ÷́Ëß∑—Èß 10  °ÿ≈∑’Ëæ∫ ‰¥â·°à Aedes, Aedeomyia, Anopheles, Armigeres, Coquillettidia, Culex,

Mansonia, Mimomyia, Neomelanion ·≈– Uranoteania §à“¥—™π’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß„π∫â“π°Ÿ·∫ “≈Õ

μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  Õ¬Ÿà∑’Ë 2.139 ·≈–¡’§à“§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥ Õ¬Ÿà∑’Ë 0.657 ‚¥¬¬ÿß™π‘¥∑’Ëæ∫

¡“°∑’Ë ÿ¥„π°“√ ”√«® ‰¥â·°à ¬ÿß°âπª≈àÕß An. sundaicus s.l. §‘¥‡ªìπ√âÕ¬≈– 3.96 √Õß≈ß¡“ §◊Õ Cq. ochracea §‘¥‡ªìπ√âÕ¬≈–

21.09 Cq. crassipes §‘¥‡ªìπ√âÕ¬≈– 18.29 Cx. gelidus §‘¥‡ªìπ√âÕ¬≈– 4.20 ·≈– Ma. bonneae §‘¥‡ªìπ√âÕ¬≈– 3.71 μ“¡≈”¥—∫

º≈¢Õß°“√»÷°…“π’È “¡“√∂π”‰ª„™âª√–‚¬™πå„π°“√§«∫§ÿ¡¬ÿßæ“À–π”‚√§„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õß

π√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  Õ’°∑—Èß¬—ß„™â‡ªìπ∞“π¢âÕ¡Ÿ≈„Àâ·°àª√–™“™π√—∫√Ÿâ∂÷ß‚Õ°“ ‡ ’Ë¬ß¢Õß‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿßμàÕ‰ª

§” ”§—≠ : §«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå ¬ÿßæ“À–π”‚√§ ®—ßÀ«—¥π√“∏‘«“ 
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∫∑π”

¬ÿß‡ªìπ·¡≈ß∫‘π‰¥â¢π“¥‡≈Á°∑’Ë “¡“√∂æ∫‰¥â∑—Ë«‚≈° ‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß„πæ◊Èπ∑’Ë‡¢μ√âÕπ·≈–‡¢μÕ∫Õÿàπ (Simonetti 1996)

ªí®®ÿ∫—π¡’¬ÿß∑’Ë¡’™◊ËÕÕ¬à“ß‡ªìπ∑“ß°“√ ®”π«πª√–¡“≥ 3,617

™π‘¥ (Harbach 2022)  à«π„πª√–‡∑»‰∑¬æ∫«à“¡’¬ÿß ®”π«π

ª√–¡“≥ 450 ™π‘¥∑’Ë°√–®“¬μ—«Õ¬Ÿà„πæ◊Èπ∑’Ëμà“ß Ê ‚¥¬¬ÿß®—¥

‡ªìπ·¡≈ß∑’ËÕ¬Ÿà„πÕ—π¥—∫ Diptera «ß»å Culicidae ¬ÿßÀ≈“¬™π‘¥

‡ªìπæ“À–π”‡™◊ÈÕ°àÕ‚√§∑’Ë ”§—≠À≈“¬™π‘¥¡“ Ÿà¡πÿ…¬å·≈– —μ«å

®“°°“√°—¥¥Ÿ¥‡≈◊Õ¥¢Õß¬ÿß‡æ»‡¡’¬ ‡æ◊ËÕπ”‚ª√μ’π·≈– “√

 ”§—≠„π‡≈◊Õ¥‰ª„™â„π°“√ √â“ß‰¢à ‚¥¬¬ÿß∑’Ë¡’§«“¡ ”§—≠

∑“ß°“√·æ∑¬å·≈–∑“ß —μ«·æ∑¬å  à«π„À≠à‡ªìπ¬ÿß„π °ÿ≈

Aedes, Anopheles, Culex, ·≈– Mansonia (Simonetti 1996)

μ—«Õ¬à“ß‡™◊ÈÕ°àÕ‚√§∑’Ë √â“ßªí≠À“·°à¡πÿ…¬å ‡™àπ ‰«√— 

°àÕ‚√§ ‰¥â·°à Japanese encephalitis virus ∑’Ë‡ªìπ “‡Àμÿ

¢Õß‚√§‰¢â ¡ÕßÕ—°‡ ∫‡®Õ’ (Japanese encephalitis) (Auerswald

et al., 2021) dengue virus ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§‰¢â‡≈◊Õ¥ÕÕ°

(dengue hemorrhagic fever) ·≈– chikungunya virus ∑’Ë‡ªìπ

 “‡Àμÿ¢Õß‚√§‰¢âª«¥¢âÕ¬ÿß≈“¬ (chikungunya) (Paixão

et al., 2018) ‚ª√‚μ´—«°àÕ‚√§ ‰¥â·°à Plasmodium falciparum,

P. vivax, P. malariae, P. ovale, ·≈– P. knowlesi ∑’Ë‡ªìπ

 “‡Àμÿ¢Õß‚√§¡“≈“‡√’¬ (malaria) (Saifi et al., 2016) ·≈–

ÀπÕπæ¬“∏‘°àÕ‚√§ ‰¥â·°à Wuchereria bancrofti ·≈– Brugia

malayi ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§‡∑â“™â“ß (lymphatic filariasis)

(Famakinde 2018)

¢≥–∑’Ë‡™◊ÈÕ°àÕ‚√§∑’Ë √â“ßªí≠À“·°à —μ«å ‡™àπ ‰«√— °àÕ‚√§

‰¥â·°à canarypox virus, fowlpox virus, pigeonpox virus ·≈–

turkeypox virus ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§Ωï¥“…π° (Yeo et al.,

2019) bovine ephemeral fever virus ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§

‰¢â¢“·¢ÁßÀ√◊Õ‚√§‰¢â “¡«—π„π·æ– ·°– «—« §«“¬ (Stokes

et al., 2020) ‚ª√‚μ´—«°àÕ‚√§ ‰¥â·°à Trypanosoma evansi

∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§ Trypanosomiasis À√◊Õ‡´Õ√à“ (surra) „π

‚§·≈–°√–∫◊Õ (Chansiri et al., 2002) Plasmodium spp. ∑’Ë

‡ªìπ “‡Àμÿ¢Õß‚√§¡“≈“‡√’¬„π —μ«å (Rivero and Gandon 2018)

ÀπÕπæ¬“∏‘°àÕ‚√§ ‰¥â·°à Dirofilaria immitis ∑’Ë‡ªìπ “‡Àμÿ

¢Õß‚√§æ¬“∏‘ÀπÕπÀ—«„®·≈– D. repens ∑’Ë‡ªìπ “‡Àμÿ¢Õß

ÀπÕπæ¬“∏‘„π™—Èπ„μâº‘«Àπ—ß¢Õß ÿπ—¢·≈–·¡« (Genchi et al.,

2019)

Õ¬à“ß‰√°Áμ“¡¬ÿßæ“À–·μà≈–™π‘¥ ¡’§«“¡ “¡“√∂

·μ°μà“ß°—π„π°“√π”‡™◊ÈÕ°àÕ‚√§μà“ß Ê ´÷Ëß¡’ “‡Àμÿ¡“®“°

¿Ÿ¡‘§ÿâ¡°—π„π√à“ß°“¬¢Õß¬ÿß·μà≈–™π‘¥∑’Ë¬Õ¡√—∫μàÕ‡™◊ÈÕ™π‘¥

π—Èπ (Clayton et al., 2014) √«¡∑—Èßæƒμ‘°√√¡μà“ß Ê ¢Õßæ«°

¡—π ‡™àπ æƒμ‘°√√¡§«“¡™Õ∫„π°“√‡¢â“°—¥‡À¬◊ËÕ (host

preference) ≈â«π‡°’Ë¬«¢âÕßμàÕ°“√·æ√à°√–®“¬∑—Èß ‘Èπ

(Sumruayphol et al., 2020) ¬ÿß¡’§«“¡À≈“°À≈“¬∑“ß

™’«¿“æ¡“°∑’Ë ÿ¥„π ¿“æ·«¥≈âÕ¡·∫∫ªÉ“‡¢μ√âÕπ ‡π◊ËÕß®“°

¬ÿßÀ≈“¬™π‘¥ “¡“√∂æ—≤π“‰¥âÕ¬à“ß√«¥‡√Á« Õ¬Ÿà√Õ¥‰¥â¥’ ·≈–

¢¬“¬æ—π∏ÿå‰¥â‡ªìπ®”π«π¡“° (Srisuka et al., 2022) πÕ°®“°

π’È¬ÿßÀ≈“¬™π‘¥¬—ß¡’Õ“≥“‡¢μ°“√°√–®“¬μ—«∑’Ë®”‡æ“–μàÕ ¿“æ

 ‘Ëß·«¥≈âÕ¡ ‡™àπ ¬ÿß°âπª≈àÕß An. epiroticus ∑’Ë “¡“√∂æ∫‰¥â

‡æ’¬ß∫√‘‡«≥æ◊Èπ∑’Ë™“¬Ωíòß∑–‡≈ ‡π◊ËÕß®“°¬ÿß™π‘¥π’È¡’·À≈àß‡æ“–

æ—π∏ÿå‡ªìπ·À≈àßπÈ”°√àÕ¬ (Sumruayphol et al., 2010) ¥—ßπ—Èπ

°“√«“ß·ºπ§«∫§ÿ¡‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß ¬àÕ¡μâÕßÕ“»—¬

¢âÕ¡Ÿ≈§«“¡À≈“°™π‘¥¢Õßæ“À–π”‚√§„πæ◊Èπ∑’Ë‡ΩÑ“√–«—ß ®÷ß®–

¥”‡π‘π°“√§«∫§ÿ¡‰¥âÕ¬à“ß‡À¡“– ¡·≈–¡’ª√– ‘∑∏‘¿“æ

π√“∏‘«“ ‡ªìπ®—ßÀ«—¥™“¬·¥π∑’Ëμ—ÈßÕ¬Ÿà∫√‘ ‡«≥∑“ß

μÕπ„μâ¢Õßª√–‡∑»‰∑¬ ¡’Õ“≥“‡¢μμ‘¥ª√–‡∑»¡“‡≈‡ ’́¬ ¡’

 ¿“æ¿Ÿ¡‘ª√–‡∑» à«π„À≠à‡ªìπªÉ“∑÷∫·≈–¿Ÿ‡¢“Àπ“·πàπ ‚¥¬

§‘¥‡ªìπ®”π«π 2 „π 3  à«π¢Õßæ◊Èπ∑’Ë„π®—ßÀ«—¥∑—ÈßÀ¡¥ ¢≥–

∑’Ëæ◊Èπ∑’Ë√“∫ à«π„À≠àÕ¬Ÿàμ‘¥°—∫Õà“«‰∑¬ ¡’™“¬Ωíòß∑–‡≈¬“«

ª√–¡“≥ 59 °‘‚≈‡¡μ√  ¿“æÕ“°“»¢Õßπ√“∏‘«“ ¡’Õÿ≥À¿Ÿ¡‘

‡©≈’Ë¬μ≈Õ¥∑—Èßªïª√–¡“≥ 27.2 Õß»“‡´≈‡ ’́¬  ‚¥¬¡’Õÿ≥À¿Ÿ¡‘

 Ÿß ÿ¥‡©≈’Ë¬μ≈Õ¥∑—Èßªïª√–¡“≥ 31.8 Õß»“‡´≈‡´’¬  ·≈–

Õÿ≥À¿Ÿ¡‘μË” ÿ¥‡©≈’Ë¬μ≈Õ¥∑—Èßªïª√–¡“≥ 23.3 Õß»“‡´≈‡´’¬ 

(°√¡Õÿμÿπ‘¬¡«‘∑¬“ 2565) ª√–™“™π à«π„À≠àπ—∫∂◊Õ»“ π“

Õ‘ ≈“¡ πÕ°®“°π’Èª√–™“™π„π®—ßÀ«—¥ à«π„À≠àª√–°Õ∫

Õ“™’æ°“√‡°…μ√ ·≈–Õÿμ “À°√√¡ ∑”„Àâ¡’‚Õ°“ ‡ ’Ë¬ß¡“°

¢÷Èπ„π°“√∂Ÿ°¬ÿß°—¥®“°°“√∑”°“√‡°…μ√ ‡™àπ √–À«à“ß°“√°√’¥

¬“ßæ“√“  ”À√—∫‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß„πæ◊Èπ∑’Ëπ√“∏‘«“  æ∫

À≈“¬‚√§∑—Èß„π¡πÿ…¬å·≈– —μ«å ‡™àπ ‚√§‰¢â‡≈◊Õ¥ÕÕ° ‚√§‰¢â

ª«¥¢âÕ¬ÿß≈“¬ ·≈–¡“≈“‡√’¬„π¡πÿ…¬å (Boonklong and
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Bhumiratana 2016; Rojanapanus et al., 2019) ·≈–‚√§

æ¬“∏‘ÀπÕπÀ—«„®„π·¡« (Wongkamchai et al., 2014) ®“°

¢âÕ¡Ÿ≈¢Õß°Õß‚√§μ‘¥μàÕπ”‚¥¬·¡≈ß °√–∑√«ß “∏“√≥ ÿ¢ ‰¥â

√“¬ß“π®”π«πºŸâªÉ«¬‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß¢Õß®—ßÀ«—¥π√“∏‘«“ 

„πªï 2565 (¡°√“§¡-æƒ»®‘°“¬π) ª√–°Õ∫¥â«¬ ‚√§‰¢â

‡≈◊Õ¥ÕÕ° ®”π«π 523 √“¬ ¡“≈“‡√’¬ ®”π«π 14 √“¬ ·≈–

‚√§‰¢âª«¥¢âÕ¬ÿß≈“¬ ®”π«π 1 √“¬ (°Õß‚√§μ‘¥μàÕπ”‚¥¬·¡≈ß

2565) ‚¥¬æ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õß

π√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  ‡ªìπÕ’°æ◊Èπ∑’ËÀπ÷Ëß∑’Ë§«√®—∫μ“

‡π◊ËÕß®“°‡ªìπæ◊Èπ∑’Ë∑’Ë¡’¡πÿ…¬åÕ“»—¬Õ¬ŸàÀπ“·πàπ¡“°¢÷Èπ √«¡∑—Èß

¡’°“√‡≈’È¬ß —μ«å ‡™àπ «—« ́ ÷Ëßæ∫‡ÀÁπ‰¥â∑—Ë«‰ª Õ’°∑—Èß¬—ß¡’¬ÿß™ÿ°™ÿ¡

´÷Ëß √â“ßªí≠À“§«“¡√”§“≠„Àâ·°àª√–™“™π„πæ◊Èπ∑’Ë Õ¬à“ß‰√

°Áμ“¡¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßæ“À–π”‚√§

·≈–§«“¡ ¡Ë”‡ ¡Õ¬—ß§ß¢“¥·§≈π ·≈–§«√¥”‡π‘π°“√Õ¬à“ß

‡√àß¥à«π ‡æ◊ËÕπ”¡“„™â„π°“√ª√–‡¡‘π√–¥—∫§«“¡À≈“°À≈“¬

∑“ß™π‘¥æ—π∏ÿå·≈–§«“¡ ¡Ë”‡ ¡Õ¢Õß¬ÿß„πæ◊Èπ∑’Ë«à“Õ¬Ÿà√–¥—∫„¥

·≈–∑”„Àâ∑√“∫«à“‡¡◊ËÕ¡’°“√§«∫§ÿ¡¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß‰√

´÷Ëß®–∑”„Àâ°“√§«∫§ÿ¡ª√–™“°√¬ÿß„πÕπ“§μ¡’ª√– ‘∑∏‘¿“æ

¡“°¢÷Èπ

®“°ªí≠À“∑—ÈßÀ¡¥§≥–ºŸâ«‘®—¬®÷ß‰¥â¥”‡π‘π ”√«®§«“¡

À≈“°™π‘¥¢Õß¬ÿßæ“À–π”‚√§„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈

°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈

æ◊Èπ∞“π ”§—≠∑’Ë„™â„π°“√‡ΩÑ“√–«—ß·≈–§«∫§ÿ¡ª√–™“°√¬ÿß

æ“À–π”‚√§„π®—ßÀ«—¥π√“∏‘«“ „Àâ¡’ª√– ‘∑∏‘¿“æμàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

®√‘¬∏√√¡°“√«‘®—¬„π —μ«å‡æ◊ËÕß“π∑“ß«‘∑¬“»“ μ√å

°“√»÷°…“§√—Èßπ’È¥”‡π‘π°“√Õ¬à“ß‡§√àß§√—¥μ“¡·π«∑“ß

°“√¥Ÿ·≈·≈–°“√„™â —μ«å‡æ◊ËÕß“π«‘®—¬∑“ß«‘∑¬“»“ μ√å¢Õß

¡À“«‘∑¬“≈—¬√“™¿—Ø «π ÿπ—π∑“  ”À√—∫¢—ÈπμÕπ°“√‡°Á∫

√«∫√«¡·≈–°“√°√–∑”μà“ß Ê °—∫μ—«Õ¬à“ß‰¥â√—∫°“√æ‘®“√≥“

·≈–Õπÿ¡—μ‘ ‚¥¬§≥–°√√¡°“√°“√¥Ÿ·≈·≈–°“√„™â —μ«å‡æ◊ËÕß“π

«‘®—¬∑“ß«‘∑¬“»“ μ√å¢Õß¡À“«‘∑¬“≈—¬√“™¿—Ø «π ÿπ—π∑“

(À¡“¬‡≈¢®√‘¬∏√√¡„π —μ«å‡æ◊ËÕß“π«‘®—¬∑“ß«‘∑¬“»“ μ√å:

IACUC 64-004/2021)

°“√√«∫√«¡¬ÿßæ“À–„π¿“§ π“¡

æ◊Èπ∑’Ë»÷°…“„πß“π«‘®—¬§√—Èßπ’È‰¥â‡≈◊Õ°æ◊Èπ∑’Ë‡®“–®ß §◊Õ

∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥

π√“∏‘«“  (6o21'19.1"N, 101o53'41.8"E)  ¿“æ·«¥≈âÕ¡

¢Õß∫â“π°Ÿ·∫ “≈Õ‡ªìπæ◊Èπ∑’Ë™π∫∑ Õ¬Ÿà„°≈â°—∫æ◊Èπ∑’Ë‡¢μ‡¡◊Õß

·≈–Àà“ß®“°™“¬Ωíòß∑–‡≈ ª√–¡“≥ 2-3 °‘‚≈‡¡μ√ ‚¥¬„π‡¢μ

æ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ¬—ß§ß¡’μâπ‰¡â ªÉ“∑’Ë ¡∫Ÿ√≥å ∫÷ß·≈–ÀπÕß

πÈ” °√–®“¬μ—«Õ¬Ÿà∑—Ë«‰ª„πæ◊Èπ∑’Ë ∫â“π‡√◊Õπ¢Õßª√–™“™π¡’

Õ“≥“‡¢μÕ¬ŸàÀà“ß°—π„π·μà≈–À≈—ß§“‡√◊Õπ ·≈–·μà≈–À≈—ß¡—°¡’

°“√‡≈’È¬ß«—«·≈–·æ– ‡æ◊ËÕπ”‰ª¢“¬‡¡◊ËÕ‚μ‡μÁ¡∑’Ë (¿“æ∑’Ë 1,

¿“æ∑’Ë 2A ·≈– 2B) πÕ°®“°π’È¬—ß‡ªìπæ◊Èπ∑’Ë°“√æ∫ºŸâªÉ«¬‚√§

μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß„πæ◊Èπ∑’Ë

°“√√«∫√«¡¬ÿßæ“À–„π¿“§ π“¡„π°“√»÷°…“§√—Èßπ’È

°—∫¥—°¬ÿß BG-Pro CDC-style trap (BioGents, Regensburg,

Germany) ®”π«π 8 °—∫¥—° ∂Ÿ°π”¡“„™â§Ÿà°—∫μ≈—∫°≈‘Ëπ≈àÕ¬ÿß

BG-lure cartridge (BioGents, Regensburg, Germany) ·≈–

πÈ”·¢Áß·Àâß (solid carbon dioxide) ‡æ◊ËÕ„™â„π°“√¥÷ß¥Ÿ¥¬ÿß„Àâ

‡¢â“¡“À“°—∫¥—° (¿“æ∑’Ë 2C) ´÷Ëß°—∫¥—°™π‘¥π’È‡ªìπ°—∫¥—°„π°“√

«‘®—¬∑’Ë∂Ÿ°ÕÕ°·∫∫¡“„™â„πß“π¿“§ π“¡ æ°æ“‰¥âßà“¬„π

æ◊Èπ∑’ËÀà“ß‰°≈

∫â“π®”π«π 4 À≈—ß ∂Ÿ°§—¥‡≈◊Õ°ÕÕ°¡“ºà“π°“√ ÿà¡

·≈–μ‘¥μ—Èß°—∫¥—°À≈—ß≈– 2 ‡§√◊ËÕß„πæ◊Èπ∑’Ë∫â“π  ”À√—∫‡°≥±å

°“√§—¥‡≈◊Õ°∫√‘‡«≥∑’Ëμ‘¥μ—Èß°—∫¥—° ª√–°Õ∫¥â«¬ (1) μâÕß‡ªìπ

∫√‘‡«≥æ◊Èπ∑’Ë∑’Ë‰¡à‚¥πΩπÀ√◊Õ‚¥π‡æ’¬ß‡≈Á°πâÕ¬ ‡æ◊ËÕªÑÕß°—π

°—∫¥—°∑’ËÕ“®‰¥â√—∫§«“¡‡ ’¬À“¬„π√–À«à“ß°“√√«∫√«¡ ·≈– (2)

μâÕß‰¡à‡ªìπ ∂“π∑’Ë∑’Ëºà“π°“√©’¥æàπ “√‡§¡’¶à“·¡≈ß„π™à«ß 1

Õ“∑‘μ¬å∑’Ëºà“π¡“ ‚¥¬°—∫¥—°∑—ÈßÀ¡¥∂Ÿ°μ‘¥μ—Èß„πæ◊Èπ∑’Ë∫â“π

°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“ 

„π™à«ß‡¥◊Õπ‡¡…“¬π ∂÷ß æƒ…¿“§¡ 2565 ÷́Ëß‡ªìπ™à«ßª≈“¬

ƒ¥Ÿ√âÕπ·≈–μâπƒ¥ŸΩπ √«¡∑—Èß‡ªìπ™à«ß∑’Ë‡√‘Ë¡¡’°“√√–∫“¥¢Õß

‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß‡°‘¥¢÷Èπ (°Õß‚√§μ‘¥μàÕπ”‚¥¬·¡≈ß,

2565) °“√√«∫√«¡¬ÿßæ“À–¥”‡π‘π°“√‡ªìπ√–¬–‡«≈“√«¡∑—Èß ‘Èπ

25 «—π ∑”°“√¥—°®—∫„π‡«≈“°≈“ß§◊π μ—Èß·μà‡«≈“ 18.00 ∂÷ß

‡«≈“ 06.00 √«¡∑—ÈßÀ¡¥ 12 ™—Ë«‚¡ß ‚¥¬¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬¢Õß

™à«ß‡«≈“∑’Ë‡°Á∫μ—«Õ¬à“ß §◊Õ 29.93 Õß»“‡´≈‡´’¬  ·≈–
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§«“¡™◊Èπ„πÕ“°“»‡©≈’Ë¬ §◊Õ 73.62% ‡¡◊ËÕ§√∫°”Àπ¥ ∑”

°“√‡°Á∫μ—«Õ¬à“ß®“°°—∫¥—°„π∑ÿ° Ê ‡™â“ ·≈â«π”∂ÿß‰ª·™à‡¬Áπ∑’Ë

Õÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡ ’́¬≈ ‡ªìπ‡«≈“ 30 π“∑’ ‡æ◊ËÕ¶à“

μ—«Õ¬à“ß¬ÿß∑’Ë¬—ß§ß¡’™’«‘μ ·≈â«∑”°“√∫—π∑÷°¢âÕ¡Ÿ≈¢Õß∂ÿß‡°Á∫

ª√–°Õ∫¥â«¬ À¡“¬‡≈¢°—∫¥—° «—π∑’Ë ‡¥◊Õπ ®“°π—Èπμ—«Õ¬à“ß

∂Ÿ°π” àß¡“∑’ËÀâÕßªØ‘∫—μ‘°“√™’««‘∑¬“ «‘∑¬“≈—¬ À‡«™»“ μ√å

¡À“«‘∑¬“≈—¬√“™¿—Ø «π ÿπ—π∑“ ‡æ◊ËÕ¥”‡π‘π°“√®”·π°™π‘¥

∑“ß —≥∞“π«‘∑¬“μàÕ‰ª

¿“æ∑’Ë 1 æ◊Èπ∑’Ë°“√»÷°…“ ∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  ·ºπ∑’Ëπ”¡“®“° Google Earth
Pro v 7.1.8 (https://earth.google.com)

¿“æ∑’Ë 2   ¿“ææ◊Èπ∑’Ë∑’Ëμ‘¥μ—Èß°—∫¥—° (A ·≈– B) ·≈–°—∫¥—°∑’Ë„™â„π°“√√«∫√«¡¬ÿßμ—«Õ¬à“ß (C)
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°“√®”·π°¬ÿß¥â«¬«‘∏’¡“μ√∞“π∑“ß —≥∞“π«‘∑¬“

‡¡◊ËÕμ—«Õ¬à“ß¬ÿß¡“∂÷ßÀâÕßªØ‘∫—μ‘°“√ §≥–ºŸâ«‘®—¬‰¥â

¥”‡π‘π°“√®”·π°¬ÿß¥â«¬«‘∏’¡“μ√∞“π∑“ß —≥∞“π«‘∑¬“∑—π∑’

‡√‘Ë¡®“°§—¥·¬°‡æ»¢Õß¬ÿß ‚¥¬°“√»÷°…“§√—Èßπ’È„™â¬ÿß‡æ»‡¡’¬

‡∑à“π—Èπ ‡π◊ËÕß®“°‡æ»ºŸâ‰¡à∂Ÿ°®—¥«à“‡ªìπæ“À–π”‚√§ À≈—ß®“°

π—Èπ ¬ÿß‡æ»‡¡’¬∑—ÈßÀ¡¥‰¥â∂Ÿ°¡“®”·π°™π‘¥Õ¬à“ß√–¡—¥√–«—ß

‚¥¬°“√μ√«® Õ∫‡Õ°≈—°…≥å·≈–Õ«—¬«– ”§—≠¿“¬„μâ°≈âÕß

®ÿ≈∑√√»πå ‡μÕ√‘‚Õ‡∑’¬∫°—∫§Ÿà¡◊Õ∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß

„πª√–‡∑»‰∑¬ ®”π«π 6 ‡≈à¡

§Ÿà¡◊Õ∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„πª√–‡∑»‰∑¬ ∑’Ë„™â„π

°“√»÷°…“§√—Èßπ’È ª√–°Õ∫¥â«¬

1. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π

ª√–‡∑»‰∑¬‡∫◊ÈÕßμâπ (Rattanarithikul et al., 2005b)

2. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π

 °ÿ≈ Culex ·≈– Lutzia „πª√–‡∑»‰∑¬(Rattanarithikul et al.,

2005a)

3. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π °ÿ≈

Aedeomyia, Ficalbia, Mimomyia, Hodgesia, Coquillettidia,

Mansonia ·≈– Uranotaenia „πª√–‡∑»‰∑¬ (Rattanarithikul

et al., 2006b)

4. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π °ÿ≈

Anopheles „πª√–‡∑»‰∑¬ (Rattanarithikul et al., 2006a)

5. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π

 °ÿ≈ Orthopodomyia, Kimia,Malaya, Topomyia, Tripteroides

·≈– Toxorhynchites „πª√–‡∑»‰∑¬ (Rattanarithikul et al.,

2007)

6. §Ÿà¡◊Õ®”·π°™π‘¥¬ÿß∑“ß —≥∞“π«‘∑¬“¢Õß¬ÿß„π

‡ºà“ Aedini „πª√–‡∑»‰∑¬ (Rattanarithikul et al., 2010)

°“√«‘‡§√“–Àå

§”π«≥§à“√âÕ¬≈–¢Õß¬ÿß·μà≈–™π‘¥∑’Ë√«∫√«¡¡“‰¥â

√«¡∑—Èß§”π«≥§à“¥—™π’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå (species

diversity index) ‚¥¬„™â√Ÿª·∫∫°“√ª√–‡¡‘π Shannon-Wiener

diversity index μ“¡«‘∏’¢Õß Washington (Washington 1984)

·≈–§”π«≥§à“§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿå (species evenness)

μ“¡«‘∏’¢Õß Nolan and Callahan (2006) ́ ÷Ëß¡’ Ÿμ√°“√§”π«≥

¥—ßπ’È

 Ÿμ√§”π«≥§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå (Shannon-

Wiener diversity index)

s

  H'  =  - Σ (Pi)(lnPi)

i = 1

·∑π§à“

H' §◊Õ §à“¥—™π’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå

(species diversity index)

S §◊Õ ®”π«π™π‘¥ (number of species)

Pi §◊Õ  —¥ à«π√–À«à“ß®”π«π¬ÿß¢Õß™π‘¥æ—π∏ÿåπ—Èπ Ê

μàÕ®”π«π¬ÿß¢Õß∑ÿ°™π‘¥æ—π∏ÿå√«¡°—π

 Ÿμ√§”π«≥§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿå (species

evenness)

J' = H'/ln S

·∑π§à“

J' §◊Õ §«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿå (species

evenness)

H' §◊Õ §à“¥—™π’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå

(species diversity index)

S §◊Õ  ®”π«π™π‘¥ (number of species)

º≈°“√«‘®—¬

º≈°“√ ”√«®¬ÿß„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ

Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  „π™à«ß‡¥◊Õπ‡¡…“¬π

∂÷ß æƒ…¿“§¡ 2565 ®”π«π 25 «—π ‚¥¬¬ÿß∑’Ë√«∫√«¡‰¥â¡’

∑—Èß ‘Èπ 1,214 μ—« ®”·π°ÕÕ°‡ªìπ 26 ™π‘¥ (species) „π 10

 °ÿ≈ (genus) ÷́Ëß∑—Èß 10  °ÿ≈∑’Ëæ∫ ª√–°Õ∫¥â«¬ Aedes,

Aedeomyia, Anopheles, Armigeres, Coquillettidia, Culex,

Mansonia, Mimomyia, Neomelanion, ·≈– Uranoteania

„π°“√ ”√«®§√—Èßπ’È ∑“ß§≥–ºŸâ«‘®—¬√«∫√«¡¬ÿß„π °ÿ≈

Coquillettidia ‰¥â¡“°∑’Ë ÿ¥ ®”π«π 497 μ—« (§‘¥‡ªìπ√âÕ¬≈–

40.94 ¢Õß®”π«π¬ÿß∑—ÈßÀ¡¥) √Õß≈ß¡“ §◊Õ ¬ÿß„π °ÿ≈
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Anopheles ®”π«π 472 μ—« (§‘¥‡ªìπ√âÕ¬≈– 38.88) ¬ÿß„π

 °ÿ≈ Culex ®”π«π 86 μ—« (§‘¥‡ªìπ√âÕ¬≈– 7.08) ¬ÿß„π °ÿ≈

Mansonia ®”π«π 65 μ—« (§‘¥‡ªìπ√âÕ¬≈– 5.35) ¬ÿß„π °ÿ≈

Neomelaniconion ®”π«π 40 μ—« (§‘¥‡ªìπ√âÕ¬≈– 3.29) ¬ÿß

„π °ÿ≈ Aedes ®”π«π 29 μ—« (§‘¥‡ªìπ√âÕ¬≈– 2.39) ¬ÿß„π

 °ÿ≈ Armigeres ®”π«π 11 μ—« (§‘¥‡ªìπ√âÕ¬≈– 0.91) ¬ÿß„π

 °ÿ≈ Uranotaenia ®”π«π 6 μ—« (§‘¥‡ªìπ√âÕ¬≈– 0.49) ¬ÿß

„π °ÿ≈ Mimomyia ®”π«π 5 μ—« (§‘¥‡ªìπ√âÕ¬≈– 0.41) ·≈–

¬ÿß„π °ÿ≈ Aedeomyia ®”π«π 3 μ—« (§‘¥‡ªìπ√âÕ¬≈– 0.25)

μ“¡≈”¥—∫ (¿“æ∑’Ë 3)

¿“æ∑’Ë 3   —¥ à«π¢Õß¬ÿß„π °ÿ≈μà“ß Ê ∑’Ë√«∫√«¡‰¥â„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“ 

®“°°“√§”π«≥§à“¥—™π’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå

¢Õß¬ÿß æ∫«à“∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“ 

®—ßÀ«—¥π√“∏‘«“  ¡’§à“Õ¬Ÿà∑’Ë 2.139 ·≈–¡’§à“§«“¡ ¡Ë”‡ ¡Õ

¢Õß™π‘¥æ—π∏ÿå Õ¬Ÿà∑’Ë 0.657 ‚¥¬¬ÿß™π‘¥∑’Ëæ∫¡“°∑’Ë ÿ¥„π°“√

 ”√«®§√—Èßπ’È ‰¥â·°à ¬ÿß°âπª≈àÕß An. sundaicus s.l. ®”π«π

388 μ—« (§‘¥‡ªìπ√âÕ¬≈– 31.96) √Õß≈ß¡“ §◊Õ Cq. ochracea

®”π«π 256 μ—« (§‘¥‡ªìπ√âÕ¬≈– 21.09) Cq. crassipes

®”π«π 222 μ—« (§‘¥‡ªìπ√âÕ¬≈– 18.29) Cx. gelidus

®”π«π 51 μ—« (§‘¥‡ªìπ√âÕ¬≈– 4.20) ·≈– Ma. bonneae

®”π«π 45 μ—« (§‘¥‡ªìπ√âÕ¬≈– 3.71) μ“¡≈”¥—∫ (μ“√“ß∑’Ë 1)
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Genus: Aedes

Ae. albopictus 5 0.41 Dengue/chikungunya/ Zika Dirofilariasis

Ae. vexans 24 1.98 ‰¡à¡’√“¬ß“π Dirofilariasis

Genus: Aedeomyia

Ad. catasticta 3 0.25 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

Genus: Anopheles

An. annularis 5 0.41 Malaria ‰¡à¡’√“¬ß“π

An. barbirostris group 10 0.82 Malaria/JE Monkey malaria/

Lymphatic filariasis/

Buffalo malaria

An. sundaicus s.l. 388 31.96 Malaria ‰¡à¡’√“¬ß“π

An. jamesii 3 0.25 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

An. nivipes 3 0.25 Malaria ‰¡à¡’√“¬ß“π

An. tessellatus 40 3.29 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

An. kochi 6 0.49 Malaria ‰¡à¡’√“¬ß“π

An. pollicaris 7 0.58 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

An. umbrosus group 10 0.82 Malaria ‰¡à¡’√“¬ß“π

Genus: Armigeres

Ar. subalbatus 11 0.91 Lymphatic filariasis Dirofilariasis/

Lymphatic filariasis

Genus: Coquillettidia

Cq. crassipes 222 18.29 Lymphatic filariasis Cardiofilaria/ Dirofilariasis

Cq. ochracea 256 21.09 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

Cq. nigrosignata 19 1.57 ‰¡à¡’√“¬ß“π Dirofilariasis

Genus: Culex

Cx. gelidus 51 4.20 JE Dirofilariasis

Cx. nigropunctatus 8 0.66 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

Cx. quinquefasciatus 12 0.99 Lymphatic filariasis/JE Dirofilariasis

Cx. vishnui subgroup 15 1.23 JE Dirofilariasis/

Lymphatic filariasis

μ“√“ß∑’Ë 1 §«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß∑’Ë√«∫√«¡‰¥â„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“ 

®—ßÀ«—¥π√“∏‘«“ 

™π‘¥¢Õß¬ÿß

(Species)

®”π«π

(μ—«)
√âÕ¬≈–

§«“¡ ”§—≠∑“ß°“√·æ∑¬å

(æ“À–π”‚√§)

§«“¡ ”§—≠∑“ß —μ«·æ∑¬å

(æ“À–π”‚√§)
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μ“√“ß∑’Ë 1 §«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß∑’Ë√«∫√«¡‰¥â„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“ 

®—ßÀ«—¥π√“∏‘«“  (μàÕ)

™π‘¥¢Õß¬ÿß

(Species)

®”π«π

(μ—«)
√âÕ¬≈–

§«“¡ ”§—≠∑“ß°“√·æ∑¬å

(æ“À–π”‚√§)

§«“¡ ”§—≠∑“ß —μ«·æ∑¬å

(æ“À–π”‚√§)

Genus: Mansonia

Ma. bonneae 45 3.71 Lymphatic filariasis Dirofilariasis

Ma. indiana 12 0.99 Lymphatic filariasis Dirofilariasis

Ma. uniformis 8 0.66 Lymphatic filariasis Cardiofilaria/

Dirofilariasis/

Lymphatic filariasis

Genus: Mimomyia

Mi. aurea 5 0.41 ‰¡à¡’√“¬ß“π ‰¡à¡’√“¬ß“π

Genus: Neomelaniconion

Ne. lineatopenne 40 3.29 ‰¡à¡’√“¬ß“π Rift Valley fever

Genus: Uranotaenia

Uranoteania spp. 6 0.49 ‰¡à¡’√“¬ß“π Avian malaria

√«¡∑—ÈßÀ¡¥ 1,214 100

Species diversity index 2.139

Species Evenness 0.657
*§«“¡ ”§—≠∑“ß°“√·æ∑¬å Õâ“ßÕ‘ßμ“¡√“¬ß“π¢Õß Rattanarithikul et al. (2005b) ·≈– Lai et al. (2020) ¢≥–∑’Ë§«“¡ ”§—≠
∑“ß —μ«·æ∑¬å Õâ“ßÕ‘ßμ“¡√“¬ß“π¢Õß Hendrix et al. (1980), Klinkaewnarong et al. (1985), Atmosoedjono et al. (1993),
Azari-Hamidian et al. (2019), Muslim et al. (2013), Vinnie-Siow et al. (2022) ·≈– Nugraheni et al. (2022)

Õ¿‘ª√“¬º≈

°“√»÷°…“§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßæ“À–

π”‚√§„π∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“ 

®—ßÀ«—¥π√“∏‘«“  „π§√—Èßπ’È æ∫¬ÿß∑—Èß ‘Èπ 1,214 μ—« ®”·π°

ÕÕ°‡ªìπ 26 ™π‘¥ „π 10  °ÿ≈ ‚¥¬¬ÿßæ“À–π”‚√§∑’Ëæ∫

¡“°∑’Ë ÿ¥ 5 ≈”¥—∫·√° ‰¥â·°à An. sundaicus s.l., Cq. ochracea,

Cq. crassipes, Cx. gelidus ·≈– Ma. bonneae

¬ÿß°âπª≈àÕß An. sundaicus s.l. ‡ªìπ™π‘¥æ—π∏ÿå∑’Ë∂Ÿ°æ∫

¡“°∑’Ë ÿ¥„π°“√»÷°…“π’È ·¡â«à“„πª√–‡∑»‰∑¬¡’°“√√“¬ß“π¬ÿß

„π°≈ÿà¡ Sundaicus complex ‡æ’¬ß™π‘¥‡¥’¬« §◊Õ An. epiroticus

·μàª√–«—μ‘¢Õßª√–™“°√„πæ◊Èπ∑’Ëπ’È¬—ß‰¡à ‡§¬¡’°“√¬◊π¬—π

™π‘¥¥â«¬‡∑§π‘§Õ≥Ÿ™’««‘∑¬“ ¥—ßπ—Èπ§≥–ºŸâ«‘®—¬®÷ß√–∫ÿ‡ªìπ

An. sundaicus s.l. ∑¥·∑π ‚¥¬¬ÿß™π‘¥π’È‡ªìπæ“À–√Õß¢Õß

‚√§¡“≈“‡√’¬ ®“°°“√ ”√«®„πæ◊Èπ∑’Ë®—ßÀ«—¥√–¬Õß∑’Ëºà“π¡“

¢Õß Sumruayphol et al. (2010) æ∫°“√μ‘¥‡™◊ÈÕ¡“≈“‡√’¬„π

¬ÿß°âπª≈àÕß An. epiroticus ®”π«π 9 μ—«®“° 926 μ—« (§‘¥

‡ªìπ√âÕ¬≈– 0.97) ‚¥¬æ∫«à“ 6 μ—«‡ªìπ°“√μ‘¥‡™◊ÈÕ P. falciparum

·≈– 3 μ—«‡ªìπ°“√μ‘¥‡™◊ÈÕ P. vivax πÕ°®“°π’È¬ÿß™π‘¥π’È¡’§«“¡

 —¡æ—π∏åμàÕ ¿“æ·«¥≈âÕ¡∑’Ë®”‡æ“– æ∫‰¥â∑—Ë«‰ªμ“¡æ◊Èπ∑’Ë

™“¬Ωíòß∑–‡≈ ‡π◊ËÕß®“°¡’·À≈àß‡æ“–æ—π∏ÿå‡ªìπ·À≈àßπÈ”°√àÕ¬

(Chaiphongpachara and Sumruayphol 2017) ´÷Ëß Õ¥§≈âÕß

°—∫º≈°“√»÷°…“π’È„πæ◊Èπ∑’Ë¢Õß∫â“π°Ÿ·∫ “≈Õ ÷́ËßÕ¬Ÿà„°≈â°—∫

™“¬Ωíòß∑–‡≈ ª√–¡“≥ 2-3 °‘‚≈‡¡μ√  ”À√—∫°“√§«∫§ÿ¡¬ÿß

™π‘¥π’È∑”‰¥â¬“° ‡π◊ËÕß®“°¡’·À≈àß‡æ“–æ—π∏ÿå„π∏√√¡™“μ‘∑’Ë¬“°
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μàÕ°“√‡¢â“‰ª®—¥°“√ Õ¬à“ß‰√°Áμ“¡ ª√–™“™π “¡“√∂ªÑÕß°—π

μ—«‡Õß‰¥â ‚¥¬°“√∑“¬“°—π¬ÿßÀ√◊Õ„™â¡ÿâß™ÿ∫ “√‡§¡’

¬ÿß Cq. ochracea ·≈– Cq. crassipes ‡ªìπ¬ÿß∑’Ëæ∫

¡“°‡ªìπÕ—π¥—∫ 2 ·≈– 3 „πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ ¬ÿß„π °ÿ≈

Coquillettidia ¡’‡Õ°≈—°…≥å∑“ß —≥∞“π«‘∑¬“∑’Ë·μ°μà“ß¬ÿß™π‘¥

Õ◊Ëπ Ê Õ¬à“ß™—¥‡®π ‚¥¬‡ªìπ¬ÿß¢π“¥°≈“ß·≈–¡’ ’‡À≈◊Õß∑Õß

™’««‘∑¬“§≈â“¬§≈÷ß°—∫¬ÿß„π °ÿ≈ Mansonia (¬ÿß‡ ◊Õ) ∑’Ë„π√–¬–

μ—«ÕàÕπμâÕß‡®“–æ◊™πÈ”‡æ◊ËÕÀ“¬„® (Chiang et al., 1986) ª°μ‘

·≈â«¬ÿß„π°≈ÿà¡π’È¡—°æ∫‡ÀÁπ‰¥â¬“° ·μà°“√»÷°…“π’È §≥–ºŸâ«‘®—¬

‰¥âæ∫¬ÿß Coquillettidia ‡ªìπ®”π«π¡“° ÷́ËßÕ“®‡π◊ËÕß®“°

 ¿“æ ‘Ëß·«¥≈âÕ¡∑’Ë‡Õ◊ÈÕμàÕ°“√¥”√ß™’«‘μ ‡™àπ ¡’æ◊™πÈ”∑’Ë

®”‡æ“–°√–®“¬μ—«Õ¬Ÿà¡“°„πæ◊Èπ∑’Ë À√◊Õªí®®—¬§ÿ≥¿“æ¢Õß

·À≈àßπÈ”∑’Ë‡Õ◊ÈÕμàÕ°“√¥”√ß™’«‘μ Õ¬à“ß‰√°Áμ“¡μâÕß¡’°“√»÷°…“

μàÕ‰ª‡æ◊ËÕ √ÿª∂÷ß ‘Ëßπ’È ®“°°“√»÷°…“°àÕπÀπâ“π’Èæ∫«à“ Cq.

crassipes ‡ªìπæ“À–¢Õßæ¬“∏‘øî≈“‡√’¬À≈“¬™π‘¥∑’Ë°àÕ‚√§„π

¡πÿ…¬å·≈– —μ«å (Klinkaewnarong et al., 1985; Chiang et al.,

1986; Azari-Hamidian et al., 2019) ·μ°μà“ß®“° Cq. ochracea

∑’Ë¬—ß‰¡à¡’°“√√“¬ß“π  ”À√—∫°“√§«∫§ÿ¡¬ÿß„π°≈ÿà¡π’È “¡“√∂

¥”‡π‘π°“√‰¥â ‚¥¬°“√§«∫§ÿ¡·À≈àß‡æ“–æ—π∏ÿå‰¡à„Àâ‡À¡“– ¡

μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õß≈Ÿ°πÈ” ‚¥¬‡©æ“–·À≈àß∑’Ë¡’æ◊™πÈ” ‡™àπ

°“√°≈∫∂¡·≈–∑”≈“¬«—™æ◊™ √«¡∑—Èß°“√≈¥°“√ —¡º— 

√–À«à“ß§π·≈–¬ÿß ‡™àπ °“√„ à‡ ◊ÈÕºâ“„Àâ¡‘¥™‘¥ ‚¥¬‡ ◊ÈÕºâ“∑’Ë

„ à§«√‡π◊ÈÕÀπ“ ‡¡◊ËÕ®”‡ªìπ∑’ËμâÕß‡¢â“‰ª„πæ◊Èπ∑’Ë‡ ’Ë¬ß ‡™àπ æ◊Èπ∑’Ë

 «π (Rattanarithikul et al., 2005a)

¢≥–∑’Ë¬ÿß√”§“≠ Cx. gelidus ∑’Ëæ∫‡ªìπÕ—π¥—∫ 4 ‰¥â

√—∫°“√¬Õ¡√—∫«à“ ‡ªìπæ“À–π”‚√§‰¢â ¡ÕßÕ—°‡ ∫‡®Õ’

(Japanese encephalitis vectors) ¡“ Ÿà¡πÿ…¬å √«¡∑—Èß¡’ —μ«å‡ªìπ

·À≈àß√—ß‚√§ (Ramesh et al., 2015) πÕ°®“°π’È¬—ß‡ªìπæ“À–

μâÕß ß —¬¢Õßæ¬“∏‘ D. immitis ́ ÷Ëß‡ªìπ “‡Àμÿ¢Õß Dirofilariasis

„π —μ«å‡≈’È¬ß ‚¥¬¬ÿß™π‘¥π’È¡’·À≈àß‡æ“–æ—π∏ÿå ‡ªìπ·À≈àßπÈ”√Õ∫

§Õ° —μ«å∑’Ë¡’¡Ÿ≈ —μ«åª–ªπ π“¢â“« §ŸπÈ” ∑ÿàßÀ≠â“√Õ∫π“¢â“«

·≈–§Õ° —μ«å ¥—ßπ—Èπ°“√§«∫§ÿ¡¬ÿß™π‘¥π’È  “¡“√∂∑”‰¥â‚¥¬

°“√ª√—∫ ¿“æ·«¥≈âÕ¡‰¡à„Àâ‡ªìπ·À≈àß‡æ“–æ—π∏ÿå ‡™àπ °“√

∑”≈“¬·À≈àß‡æ“–æ—π∏ÿå ‚¥¬°“√°≈∫∂¡À≈ÿ¡¥‘πÀ√◊Õ°“√‡√àß

√–∫“¬πÈ”ÕÕ°®“°∫√‘‡«≥√Õ∫§Õ° —μ«å (Rattanarithikul et al.,

2005a)

¬ÿß‡ ◊Õ Ma. bonneae ¡’√“¬ß“π°“√æ∫¡“°„π¿“§„μâ

¢Õßª√–‡∑»‰∑¬ ‡π◊ËÕß®“°¡’§«“¡‡°’Ë¬«¢âÕß°—∫·À≈àßπÈ”∑’Ë¡’

 ¿“æ‡ªìπ°√¥ ∑”„Àâæ∫‰¥â‡æ’¬ß∫“ßæ◊Èπ∑’Ë (Apiwathnasorn et

al., 2006) ¬ÿß™π‘¥π’È¡’√“¬ß“π«à“‡ªìπæ“À–¢Õßæ¬“∏‘ lymphatic

filariasis À≈“°À≈“¬™π‘¥ ´÷Ëß∑”„Àâ‡°‘¥Õ—πμ√“¬‰¥â∑—Èß¡πÿ…¬å

·≈– —μ«å ‡™àπ æ¬“∏‘ Brugia malayi ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§

filariasis „π¡πÿ…¬å ·≈–æ¬“∏‘ D. immitis, Brugia pahangi

·≈– Cardiofilaria spp. ∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§ filariasis „π —μ«å

(Atmosoedjono et al., 1993)  ”À√—∫°“√§«∫§ÿ¡¬ÿß‡ ◊Õ §≈â“¬

°—∫°“√§«∫§ÿ¡ª√–™“°√¬ÿß„π °ÿ≈ Coquillettidia §◊Õ °“√

ª√—∫·À≈àß‡æ“–æ—π∏ÿå‰¡à„Àâ‡À¡“– ¡μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õß

≈Ÿ°πÈ” ‚¥¬°“√°”®—¥æ◊™πÈ” (Rattanarithikul et al., 2005a)

°“√»÷°…“„π§√—Èßπ’È‰¥âª√–‡¡‘π§à“¥—™π’§«“¡À≈“°À≈“¬

·≈–§à“§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿå ‚¥¬º≈°“√§”π«≥ §◊Õ

2.139 ·≈– 0.657 μ“¡≈”¥—∫ ‚¥¬º≈°“√§”π«≥‡À≈à“π’È∂Ÿ°

π”‰ª‡∑’¬∫°—∫‡°≥±å¢Õß Shannon-Weiner Index μ“¡°“√

»÷°…“°àÕπÀπâ“π’È¢Õß Ario et al. (2020) ∑’Ë√–∫ÿ‰«â«à“ §à“

§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå„πæ◊Èπ∑’Ë πâÕ¬°«à“ 1 · ¥ß«à“

§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫μË” §à“Õ¬Ÿà„π™à«ß

1-2.9 · ¥ß«à“§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫

ª“π°≈“ß ·≈–∂â“¡’§à“¡“°°«à“ 3 · ¥ß«à“§«“¡À≈“°À≈“¬

∑“ß™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫ Ÿß ¢≥–∑’Ë§à“§«“¡ ¡Ë”‡ ¡Õ¢Õß

™π‘¥æ—π∏ÿå„πæ◊Èπ∑’Ë πâÕ¬°«à“ 0.4 · ¥ß«à“§«“¡ ¡Ë”‡ ¡Õ¢Õß

™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫μË” §à“Õ¬Ÿà„π™à«ß 0.4-0.59 · ¥ß«à“

§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫ª“π°≈“ß ·≈–∂â“¡’

§à“¡“°°«à“ 0.6 · ¥ß«à“§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿåÕ¬Ÿà„π

√–¥—∫ Ÿß ¥—ßπ—Èπ®÷ß √ÿªº≈°“√ ”√«®§√—Èßπ’È„π‡∫◊ÈÕßμâπ‰¥â«à“

∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥

π√“∏‘«“  ¡’§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßÕ¬Ÿà„π√–¥—∫

ª“π°≈“ß·≈–¡’§«“¡ ¡Ë”‡ ¡Õ¢Õß™π‘¥æ—π∏ÿåÕ¬Ÿà„π√–¥—∫ Ÿß

‚¥¬§à“‡À≈à“π’È “¡“√∂π”‰ª„™â„π°“√μ‘¥μ“¡°“√‡ª≈’Ë¬π·ª≈ß

¢Õßª√–™“°√¬ÿßæ“À–π”‚√§‡¡◊ËÕ¥”‡π‘π¡“μ√°“√°“√§«∫§ÿ¡

æ“À–

πÕ°®“°π’È ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“¥—™π’§«“¡À≈“°À≈“¬

∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßæ“À–„πæ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ
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Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  °—∫æ◊Èπ∑’ËÕ◊Ëπ Ê ¢Õß

ª√–‡∑»‰∑¬∑’Ë¡’√“¬ß“π æ∫«à“ æ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ ¡’§«“¡

À≈“°À≈“¬¡“°°«à“æ◊Èπ∑’Ë™“¬Ωíòß∑–‡≈„π®—ßÀ«—¥ ¡ÿ∑√ ß§√“¡

(¥—™π’§«“¡À≈“°À≈“¬ = 0.94) (Chaiphongpachara and

Sumruayphol 2017) ·≈–æ◊Èπ∑’ËªÉ“ æ◊Èπ∑’ËÀ¬àÕ¡¢ÕßªÉ“¢π“¥

‡≈Á° æ◊Èπ∑’Ëπ“¢â“« æ◊Èπ∑’Ë™“π‡¡◊Õß ·≈–æ◊Èπ∑’Ë‡¡◊Õß„π®—ßÀ«—¥

π§√π“¬° (¥—™π’§«“¡À≈“°À≈“¬ = 1.47, 1.59, 1.21, 1.80,

·≈– 2.00 μ“¡≈”¥—∫æ◊Èπ∑’Ë) (Thongsripong et al., 2013) ´÷Ëß

 –∑âÕπ„Àâ‡ÀÁπ«à“æ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ ®—ßÀ«—¥π√“∏‘«“  ¡’

 ¿“ææ◊Èπ∑’Ë‡À¡“–°—∫°“√¡’Õ¬Ÿà¢Õß¬ÿßÀ≈“¬™π‘¥ Õ“®‡π◊ËÕß

¡“®“° ¿“æ·«¥≈âÕ¡∑’Ë¡’§«“¡À≈“°À≈“¬‡¡◊ËÕ‡∑’¬∫°—∫æ◊Èπ∑’Ë

Õ◊Ëπ Ê ∑’Ë°≈à“«¡“ ∑—Èß√–∫∫π‘‡«»™“¬Ωíòß∑–‡≈ √–∫∫π‘‡«»ªÉ“ ·≈–

√–∫∫π‘‡«»°÷Ëß™ÿ¡™π  Õ¥§≈âÕß°—∫º≈°“√«‘®—¬„πæ◊Èπ∑’ËÕÿ∑¬“π

·Ààß™“μ‘¥Õ¬Õ‘π∑ππ∑å „π®—ßÀ«—¥‡™’¬ß„À¡à (¥—™π’§«“¡

À≈“°À≈“¬ = 3.81) (Srisuka et al., 2022) ·≈–æ◊Èπ∑’Ë

™π∫∑„π®—ßÀ«—¥π§√π“¬° (¥—™π’§«“¡À≈“°À≈“¬ = 2.30)

(Thongsripong et al., 2013) ∑’Ë¡’ ¿“æ·«¥≈âÕ¡∑’ËÀ≈“°

À≈“¬·≈–§«“¡ ¡∫Ÿ√≥å¢Õßæ◊Èπ∑’ËªÉ“‰¡â ÷́Ëßæ∫«à“¡’§à“§«“¡

À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß Ÿß°«à“æ◊Èπ∑’Ë∫â“π°Ÿ·∫ “≈Õ

®—ßÀ«—¥π√“∏‘«“ 

 √ÿª

§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß‡ªìπ¢âÕ¡Ÿ≈∑’Ë

 ”§—≠„π°“√π”‰ª„™â§«∫§ÿ¡·≈–‡ΩÑ“√–«—ß‚√§μ‘¥μàÕ∑’Ëπ”

‚¥¬¬ÿß Õ¬à“ß‰√°Áμ“¡¢âÕ¡Ÿ≈‡À≈à“π’È ¡—°∂Ÿ°≈–‡≈¬·≈–‰¡à‰¥â„Àâ

§«“¡ ”§—≠ ∑”„Àâ‡¡◊ËÕ‡°‘¥°“√√–∫“¥¢Õß‚√§ ®÷ß¡—°°√–∑”

°“√§«∫§ÿ¡‚√§‰¥âÕ¬à“ß≈à“™â“ °“√»÷°…“π’È‰¥â∑”°“√ ”√«®¬ÿß

™π‘¥æ—π∏ÿåμà“ß Ê „π∫â“π°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õß

π√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“  ·≈–æ∫«à“§«“¡À≈“°À≈“¬∑“ß

™π‘¥æ—π∏ÿå¢Õß¬ÿßÕ¬Ÿà„π√–¥—∫ª“π°≈“ß ‚¥¬¡’¬ÿßÀ≈“¬™π‘¥∑’Ë¡’

√“¬ß“π«à“‡ªìπæ“À–π”‚√§¡“ Ÿà¡πÿ…¬å·≈– —μ«åÀ≈“¬™π‘¥

°√–®“¬μ—«Õ¬Ÿà„πæ◊Èπ∑’Ë ¥—ßπ—Èπº≈¢Õß°“√»÷°…“π’È “¡“√∂π”‰ª

„™âª√–‚¬™πå„π°“√§«∫§ÿ¡¬ÿßæ“À–π”‚√§„πæ◊Èπ∑’Ë∫â“π

°Ÿ·∫ “≈Õ μ”∫≈°–≈ÿ«Õ Õ”‡¿Õ‡¡◊Õßπ√“∏‘«“  ®—ßÀ«—¥π√“∏‘«“ 

Õ’°∑—Èß¬—ß„™â‡ªìπ∞“π¢âÕ¡Ÿ≈„Àâ·°àª√–™“™π√—∫√Ÿâ∂÷ß‚Õ°“ ‡ ’Ë¬ß

∑’Ë ‡°’Ë¬«¢âÕß°—∫‚√§μ‘¥μàÕ∑’Ëπ”‚¥¬¬ÿß  ”À√—∫ª√–™“™π

 “¡“√∂≈¥§«“¡‡ ’Ë¬ß¢Õß‚√§‡À≈à“π’È ‚¥¬‡√‘Ë¡®“°°“√ª√—∫

 ¿“æ·«¥≈âÕ¡„πæ◊Èπ∑’Ë‡¢μ∫â“π¢Õßμπ ‰¡à„Àâ¡’·À≈àß‡æ“–

æ—π∏ÿå¢Õß¬ÿß À√◊Õ°àÕπ®–‡¢â“æ◊Èπ∑’Ë «πÀ√◊ÕªÉ“ §«√„ à‡ ◊ÈÕºâ“

„Àâ¡‘¥™‘¥ À√◊Õ∑“‚≈™—ËπªÑÕß°—π¬ÿß ©’¥ ‡ª√¬å°àÕπ∑ÿ°§√—Èß ‡æ◊ËÕ

ªÑÕß°—πμ—«‡Õß®“°°“√‡¢â“¡“°—¥¢Õß¬ÿß √«¡∑—Èß§«√¡’°“√

ªÑÕß°—π —μ«å‡≈’È¬ß¢Õßμπ ‡™àπ °“√®—¥°“√ø“√å¡ ‚¥¬μ‘¥μ—Èß

À≈Õ¥‰ø‰≈à·¡≈ß À√◊Õ „™â¡ÿâßªÑÕß°—π

¢âÕ‡ πÕ·π–

 ”À√—∫°“√»÷°…“§√—ÈßÀπâ“ §«√¡’°“√‡æ‘Ë¡™à«ß‡«≈“„π

°“√‡°Á∫·≈–·∫àß‡ªìπ™à«ßƒ¥Ÿ°“≈ À√◊Õ∑ÿ°‡¥◊Õπ ‚¥¬Õ“®«“ß·ºπ

„π°“√«“ß°—∫¥—°‡ªìπ 1  —ª¥“ÀåμàÕ‡¥◊Õπ ‡æ◊ËÕ„Àâ‡ÀÁπ§«“¡

À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿßæ“À–π”‚√§μ“¡ƒ¥Ÿ°“≈

Õ’°∑—Èß°“√»÷°…“„π§√—Èßπ’È‰¥â¥—°®—∫„π™à«ß‡«≈“ 18.00-6.00 π.

∑”„Àâ‰¥â‡æ’¬ß¬ÿß∑’ËÕÕ°À“°‘π„π‡«≈“°≈“ß§◊π ®÷ß§«√¡’°“√

¥—°®—∫‡æ‘Ë¡‡μ‘¡„π™à«ß‡«≈“°≈“ß«—π πÕ°®“°π’È°“√»÷°…“¥â“π

§«“¡À≈“°À≈“¬∑“ß™π‘¥æ—π∏ÿå¢Õß¬ÿß„πÕπ“§μ §«√¡’°“√π”

‡∑§π‘§ ¡—¬„À¡à·≈–¡’ª√– ‘∑∏‘¿“æ‡¢â“¡“™à«¬„π°“√®”·π°

¬ÿß„πæ◊Èπ∑’ËÕ◊Ëπ Ê μàÕ‰ª§«∫§Ÿà°—∫°“√®”·π°¥â«¬«‘∏’∑“ß

 —≥∞“π«‘∑¬“ ‡æ◊ËÕ„Àâ¢âÕ¡Ÿ≈™π‘¥æ—π∏ÿå¢Õß¬ÿß‡À≈à“π—Èπ·¡àπ¬”

·≈–™—¥‡®π¡“°¬‘Ëß¢÷Èπ μ—«Õ¬à“ß‡™àπ „π°“√»÷°…“π’È §≥–ºŸâ«‘®—¬

æ∫¬ÿßÀ≈“¬™π‘¥∑’Ë®”·π°‰¥â¬“°·≈–¡—°º‘¥æ≈“¥‰¥âßà“¬

¥—ßπ—Èπ‡æ◊ËÕªÑÕß°—π§«“¡º‘¥æ≈“¥¢Õßº≈°“√»÷°…“ §≥–ºŸâ«‘®—¬

®÷ß®”·π°¬ÿß‡À≈à“π—Èπ ‰«â‡ªìπ°≈ÿà¡·∑π ‡™àπ An. sundaicus s.l.,

An. barbirostris group, An. umbrosus group, Cx. vishnui

subgroup ·≈– Uranoteania spp.

°‘μμ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ «‘∑¬“≈—¬ À‡«™»“ μ√å

¡À“«‘∑¬“≈—¬√“™¿—Ø «π ÿπ—π∑“∑’Ë π—∫ πÿπ¥â“π°“√»÷°…“

·≈–‚Õ°“ „π°“√¥”‡π‘π°“√«‘®—¬§√—Èßπ’È
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Abstract

Metabolic bone disease is an important bone disease in elephant calves. This study investigates the effect of

the duration of weaning on osteocalcin and C-terminal telopeptide of type-1 collagen with the radiographic

diagnosis of limbs of elephants. Ten elephant calves were set into two groups by their duration of weaning. The

early-weaned group was weaned before 2 years old, and the normal-weaned group was weaned after 2 years old.

Blood was collected from these two groups to measure bone makers and bone-related parameters. Meanwhile, a

radiographic diagnosis was performed to evaluate the elephant bone. A statistically significant difference was

found in the osteocalcin of the two groups. The Osteocalcin of the early-weaned group was higher than the

normal-weaned group (P = 0.028). Other parameters were not significantly different. All radiographic diagnosis

images of elephant bone were normal, with no lesion found. The significantly higher osteocalcin in early weaned

elephant calves may indicate the high bone turnover in these elephants. This elevated bone turnover was not

seen by radiographic diagnosis. Further investigations and adequate management should be carried out to

confirm and prevent metabolic bone disease in early weaned elephant calves.

Keywords:  elephant, bone marker, metabolic bone disease, radiographic diagnosis
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Introduction

Metabolic bone disease is a prominent bone

disease in elephant calves (Emanuelson 2006). Metabolic

bone disease is caused by the imbalance of minerals which

are essential for bone metabolism. The clinical signs of

metabolic bone disease in elephant calves are disoriented

limbs, varus-valgus, abnormal gait, etc. These signs

usually present when elephant calves are 8-9 months old.

Most of the elephant calves that presented with the

clinical signs often died despite appropriate treatment

(Emanuelson 2006). Early diagnosis and treatment prior

to the presence of clinical signs are important ways to

reduce the mortality rate.

Most of metabolic bone disease cases in elephant

calf are related to nutritional etiology. Elephant calve

may not showed clinical sign of metabolic bone disease

immediately, but in several years later they may develop

the abnormal gait, other signs of metabolic bone disease,

and die (Krajaysri et al., 2003). It is believed that early

weaning may related to the metabolic bone disease.

There is a study in neonate rats shows that three days early

weaning neonate rats have lower bone mass, serum

parathyroid hormone, osteocalcin and CTx but higher

serum 25(OH)D compared to rat that have free excess to

the milk. This indicate breastfeeding is important to

bone development and the underlying mechanism

might involve alteration of parathyroid hormone and

25(OH)D activities. Normally, wild elephant is weaned

at 3 to 5 years old, but in captive elephant, they usually

wean at 2.5-3 years old. However, there are several

reasons than elephant calves were early separated from

their mother. For example, 1) the mother died 2) the

owners want to sale the calf for money, etc.

There are multiple ways to diagnose bone diseases,

for example, radiographic diagnosis including bone x-ray,

computer tomography (CT) and magnetic resonance

imaging (MRI) (West 2006; McIlwraith 2005; Greco

et al., 2023). However, there are limitations of using

radiographic diagnosis in elephants due to their sizeable

skeletons. The radiographic diagnosis can only be used in

a few parts of long bones, for example, the tibia, fibula,

radius, and ulna (West 2006).  Another limitation is the

difficulties in the early diagnosis of bone disease. Bone

lesions are often present in the severe stage of disease

progression. Bone markers diagnosis is another method of

bone diagnosis which has the advantage of early diagnosis

of the imbalance of bone metabolism. Moreover, it can

diagnose abnormalities of bone prior to the clinical signs

developing (Kilgallon et al., 2008; Udomtanakunchai

et al., 2019; Takehana et al., 2020).

Bone marker indicates bone metabolism. Bone

metabolism has two major processes; bone synthesis and

bone degradation where osteoblast and osteoclast play an

important role in these two processes. Abnormalities in

bone metabolism cause changes in bone markers.

Osteocalcin, the bone synthesis marker, is used in some

species such as horses (McIlwraith 2005; Kamr et al.,

2020). C-terminal telopeptide of type-1 collagen (CTx),

on the other hand, is a bone degradation marker that is

used in human (Glendenning et al., 2018).

The study of bone markers in Asian elephants is

not widely distributed. There are only a few studies on

normal middle-aged elephants (Kilgallon et al., 2008) and

variation in healthy at different age (Arya et al., 2015;

Takehana et al., 2018). To date, the study about bone

markers in early weaned elephant calves which are the

risk group for metabolic bone disease is limited. We

hypothesized that osteocalcin, CTx, and bone radiographic
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images were different between early-weaned calves and

normal ones.

Materials and Methods

Animals

Ten healthy Asian elephant calves at the age of

4-10 years were comprised in this study. The elephants

were divided into two groups according to their age of

weaning. Group A was a normal weaned and all of them

were weaned at the age of more than two years old. Group

B included elephant calves that were weaned before two

years of age. All elephants were kept under the same

condition, environment, and feed in the National

Elephant Institute (NEI), Lampang Province, Thailand.

All elephants consume mainly grasses (80-90% of daily

diet) and supplement with fruits such as bananas, sugar

cane, and concentrate food. Gait and posture were

evaluated by the veterinarian at the NEI. All elephants

showed normal range of movement, walking stride, and

no abnormality of limbs, including asymmetry, swelling,

and atrophy noted. Elephant demographic data are shown

in the Table 1. This study was approved by the Animal

Care and Use Committee (Protocol No. MUVS-2013-19)

of the Faculty of Veterinary Science, Mahidol University,

Nakhon Pathom, Thailand.

Table 1.  Elephants demographic data.

No Group*              Age Sex Body         Leg (cm.)          Foot (cm.)

Year Month weight Circumference Width Circumference Width

(Kg)

1     A     8     9 F 1720 105 18 69 14

2     A     5    11 M 1410 99 19 77 14

3     A     8     8 F 1710 109 17 72 15

4     A     3    10 F 935 85 14 66 12

5     A     5    11 M 895 86 16 61 12

6     B     3     0 M 480 75 15 51 11

7     B     3     0 M 430 76 14 54 11

8     B     5     0 F 345 ** 13 47 12

9     B     3     0 F 850 84 16 63 12

10     B     6     0 F 1390 97 18 65 14

* group A is normal weaned elephant calves; group B is early weaned elephant calves.

** the leg of the calf number 8 is swollen and painful, the circumference and width cannot be measured at that time.
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Radiographic diagnosis

Radiographic diagnostic procedures were

undertaken following the assessment of gait and posture

by a mobile x-ray machine (Hitachi® Sirius Star Mobile,

Japan). The Centre of foreleg circumferences and the size

of the foot were measured. Two planes of the radiographic

image were taken in each elephant. The first plane was a

lateromedial view of the left hind limb to assess the long

bone. The other plane was dorsoplamar views of the

phalange to evaluate growth plate adjustment. kV and mAs

for the radiographic technique depended on the thickness

of the limbs of each elephant.

All radiographic images were interpreted by

Dr. Somkiet Huaijantug and Dr. Petchroi Petchrieng, for

abnormal alignments of bones, pathological lesion of soft

tissue, cartilage, bone parenchyma and ratio of cortex to

bone diameter (CD ratio). The CD ratio was measured

manually on computer software (eFilm Workstation® 3.4,

Merge Healthcare, Hartland, WI 53029)

Blood parameters

Five millilitres of blood were collected from the

auricular vein of each elephant into Plain tube for

biochemistry profiles, EDTA tube for N-MID osteocalcin

and CTx and heparin tube for haematological parameters.

Blood samples were centrifuged at 2000 rpm for 10

minutes and plasma/serum was separated from blood cells

and stored at -20oc. for analysis. All elephant blood samples

were collected on the same day in the late morning time.

N-terminal mid-fragment osteocalcin (N-MID

osteocalcin) and C-terminal telopeptide of type-1

collagen were measured by electrochemiluminescence

immunoassay (ECLIA). Calcium, phosphorus, and ALP,

CBC, total protein, BUN, and creatinine were measured

using automate machine. Hematology and blood

biochemistry were analyzed with in 24 hours after blood

collection. N-MID Osteocalcin and NTx were sending to

the lab and analysis with in a week after blood collection.

Statistical analysis

Comparison of N-MID osteocalcin, CTx, calcium,

phosphorus, calcium to phosphorus ratio, ALP, BUN,

creatine, total protein, WBC counts, hematocrit, age, CD

ratio, and leg circumference of the two groups were

undertaken by Mann-Whitney U test. Correlates between

all parameters are tested by the Spearman rank test.

All statistical analysis was obtained by computerized

statistical software, SPSS statistics version 17.0.

Probabilities <0.05 were considered significant.

Results

Elephants

All elephants were bright, alert, and responsive

from observation and physical examination. There were 3

males and 2 females in each group. The postures and gaits

of every elephant were normal. The range of age of the

two groups was 4-10 years. There was no significantly

difference in age between the two groups (P = 0.07,

Table 2).

Radiographic diagnosis

There was neither lesion nor abnormal bone

alignment found from the tibia and fibula radiographic

images (Figure 1). Cartilages and joints on the phalange

images were normal and no lesion was found. There was

no difference between the tibia CD ratios of the two

groups as shown in Table 2 (P = 0.92).
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Table 2.  Comparisons of age, osteocalcin, CTx, calcium, phosphorus, ALP, BUN, creatinine, total protein, WBC counts,

hematocrit, CD ratio, and leg circumference between group A (normal weaned elephant calves) and group B (early waned

elephant calves). Statistical differences between groups were tested by Mann-Whitney U test. (Reference from Fowler and

Mikota 2006).

Variable 25th percentile Median 75th percentile p-value Reference range

Age Group A 5.50 7.00 9.00 0.07 -

(year) Group B 3.50 3.50 6.50

Osteocalcin Group A 15.50 16.88 24.04 0.03 n/a

(ng/ml) Group B 25.39 31.03 39.21

CTx Group A 2.61 4.11 4.58 0.35 n/a

(ng/ml) Group B 2.13 2.69 3.93

ALP Group A 190 266 291 0.99 60-450

(U/L) Group B 218 229 234

Calcium Group A 10.45 11.00 12.75 0.53 9-12

(mg/dl) Group B 10.45 10.60 11.10

Phosphorus Group A 5.60 6.20 22.10 0.75 4-6

(mg/dl) Group B 6.15 6.50 6.75

BUN Group A 5.50 7.00 9.00 0.14 5-20

(mg/dl) Group B 3.50 3.50 6.50

Creatinine Group A 1.15 1.40 1.55 0.24 1-2

(mg/dl) Group B 0.80 1/20 1.50

Total protein Group A 7.30 8.40 11.55 0.35 6-12

(g/d) Group B 6.50 7.60 7.90

Haematocrit Group A 34.75 37.30 40.15 0.18 30-40

(%) Group B 38.60 33.50 39.45

WBC Group A 15.65 20.20 25.20 0.60 10-18

(x 109/L) Group B 16.90 18.70 21.25

CD ratio Group A 0.32 0.43 0.72 0.92

Group B 0.35 0.42 0.54

Leg Group A 63.50 69.00 74.50 0.05

circumference Group B 51.75 58.50 64.50

(cm.)
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Haematology and serum biochemistry

WBC count, hematocrit, BUN, creatinine, total

protein, ALP, calcium and phosphorus, of all elephants

were mostly within normal range. There was no

significant difference in these variables between the

two groups (Table 2).

Bone markers

N-MID Osteocalcin of group B (early weaned)

was significantly higher than group A (normal weaned)

(P =0.028). The data of the early-weaned group was all

assembled in the same range as well as the normal group.

However, one elephant from group A had an N-MID

osteocalcin outlier high level (elephant number 2; N-MID

osteocalcin = 30.46 mg/dl).

Correlations between parameters

The correlation between all parameters of 10

elephants was shown in the table 3. The correlations

between age and leg circumference, total protein and

BUN, total protein and creatinine, and phosphorus and

calcium to phosphorus ratio, are naturally found. The strong

correlation between age and creatinine (0.73; P = 0.03)

along with creatinine and leg circumference (0.77; P = 0.02)

was explained by the higher muscular mass of the elephant.

The higher muscle mass can elevate creatinine levels.

There was a strong reverse correlation between N-MID

osteocalcin and BUN (-0.82; P = 0.03).

Figure 1.  Radiographic images of tibia (A) and phalanges (B) of elephants. There was neither lesion nor abnormal bone

alignment found from all radiographic images. In (A), the line indicates tibia cortex and two head arrow indicate

diameter for the tibia.
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Discussion

Osteocalcin is a non-collagenous protein and is

mainly secreted by osteoblasts. It is also secreted by

megakaryocytes and adipocytes and excreted by the

kidney. It has been reported to be an osteoblast-specific

product (Allen 2003). The alteration of osteocalcin can be

induced by many factors, including high bone turnover,

absence from clearance, administration of some

therapeutic agents, and collected time (circadian variation)

etc. (Arya et al., 2015; Lee et al., 2000). In the present

study, plasma N-MID osteocalcin was higher in early

weaned elephant calves. This may indicate that higher bone

turnover was likely to be involved with the elevation of

plasma N-MID osteocalcin in these early-weaned elephant

calves, since all elephants in our study were kept under the

same environment and health condition. There are many

metabolic bone diseases those cause the abnormality in

bone turnover. Indeed, high bone turnover caused thinner

bone in some bone diseases such as osteomalacia, rickets

in children, and osteoporosis. These diseases were known

to have higher osteocalcin from previous studies (Oginni

et al., 1996; Brown et al., 2022). Further investigations

are required to diagnose these diseases in early weaned

elephant calves.

Generally, wild elephant calves are weaned

gradually at 2-5 years old, whereas captive elephants are

normally weaned at 2-2.5 years old (Emanuelson 2006).

Therefore, we used two years old as the cut-point value to

differentiate normal-weaned from early weaned elephant

calves.  The claves in the normal weaned group were mostly

weaned at 2.5 years old, in accordance with the training

program of Thai Elephant Conservation Center. All the

early-weaned calves in the present study were confiscated

from illegal properties and weaned at less than two years

of age. The findings in the present study implied that the

early-weaned calves require an adequate management

as they may develop the bone turn over higher than

the normal calves. The management to prevent the

development of the thinner bone could be carried out

appropriately, for example, adequate milk replacement,

calcium supplements, proper exercise, and regular

physical examination.

It is interesting to note that an elephant in the

normal-weaned group had the highest bone CD ratio and

higher than the normal range. This could be caused by some

diseases such as osteopetrosis or scatter interference

(Haugeberg 2008). The higher kV and mAs used in

radiographic diagnosis of these calves were carried out

because of their large limbs. The higher of kV yielded

scatter to the images that may be less accuracy in

diagnostic interpretation (Voges 2018). The cause of the

bone CD ratio in this case is more likely to be from

effects of scatter.

There was only one elephant in the normal

weaned group that had higher level of N-MID osteocalcin

(30.46 ng/ml). Moreover, his bone CD ratio was lower

than others (CD ratio = 0.26; median CD ratio in this group

= 0.43). Although there was no correlation between the

bone CD ratio and N-MID osteocalcin, this elephant

had shown negative correlation between them. More

interestingly, he was classified into the normal wean

elephant calf, but his history was different from others in

the group. He was born from artificial insemination and

rejected by her mother after calving. However, he had a

stepmother and fed him milk until 2.5 years old.

Alkaline phosphatase (ALP) was also measured in

this study. There were no significant different between two

groups. Still, ALP has many sources including intestine,

liver and not specific to the bone. Bone-specific alkaline

phosphatase (BLAP) should be an appropriate test to
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measure. Takehana et al. (2020) compared three bone

markers, t-APL, ALP3, and TRAP5b, between a hand

reared Asian elephant calf and two mother-reared elephant

calves during 3-12 month-old. Their data suggested that

although there is no different in weight gain and growth,

lower bone markers in hand-reared elephant calf indicate

abnormal bone metabolism. However, this data is from the

study of three to twelfth month-old elephant and this

present study evaluate the value of alkaline phosphatase

in older elephant calves (2-10 year-old), and there could

be other factors affect the bone metabolism markers

CTx of two elephant groups was not significantly

different. CTx is the degradation product from type I

collagen, which is the main component in bone

(Glendenning et al., 2018). There are many factors

affecting serum CTx, including fasting state, circadian

variation, and some hormones. These variations are

difficult to measure and interpret. The knowledge about

serum CTx in elephants are limited and there is no

reference interval to compare. Although, there is a study

of CTx in osteoarthritis elephant (Chusyd et al., 2023),

the level of CTx is lower than reported in this study.

It could be the effect of age, as CTx decrease when

human become an adult (Diemar et al., 2021). Further

investigation is warrant. The experiment of more

samples should be done to investigate or confirm these

correlations.

Further plan of the study is to include more

elephants, multiple bone markers, and bone-related

parameters, for example bone alkaline phosphatase, and

parathyroid hormone. In addition, the final diagnosis

should be confirmed the bone diseases.

Conclusion

The present study showed that N-MID osteocalcin

was significantly higher in early weaned elephant calves,

which may indicate the high bone turnover in these

elephants. This elevated bone turnover was not seen

by radiographic diagnosis. Further investigations and

appropriate management should be carried out to confirm

and prevent metabolic bone disease in early weaned

elephant calves.
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Abstract

A 10-year-old, spayed, female poodle was presented at Prasuarthon Animal Hospital, Faculty of

Veterinary Science, Mahidol University for further investigation on abdominal enlargement, anorexia and

frequent vomiting for 1 week. Upon an abdominal palpation, a firm abdominal mass was noted in the cranial

abdomen. Hematology and blood chemistry values were within normal limits, except elevated symmetric

dimethylarginine (SDMA). Ultrasonography reported a large oval shaped mass at the left retroperitoneal area

of unknown origin. The computed tomography (CT) result revealed that the left kidney was severely enlarged

with an irregular shape. The dog was diagnosed with a renal mass.  An exploratory laparotomy and nephrectomy

were performed for diagnosis and treatment. The renal mass was submitted for a histopathological examination

and was reported to be a clear cell renal cell carcinoma (ccRCC). The patient was clinically healthy and was under

follow up for 24 weeks without any sign of metastasis.

Keywords:  clear cell renal cell carcinoma, renal carcinoma, dog, histopathology

Journal of Applied Animal Science 2022; 15(2): 51-64.

Case Report
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Introduction

Renal cell carcinoma (RCC) is the most common

canine primary renal tumor, which is accounted for

approximately 60% (Meuten and Meuten 2016).

Additionally, the incidence of this tumor is 0.5 - 1.5% in

dog (Baskin and De Paoli 1977). The tumor typically

affects middle aged dogs (mean = 7.1 years, range = 3 - 15

years) (Lucke and Kelly 1976), and it is usually unilateral

(Bryan et al., 2006). The gender distribution of RCC has

been demonstrated as 1.3-1.8 : 1 in male to female (Bryan

et al., 2006). Breed predilection for RCC has been

reported in German shepherds, Labrador retrievers, Golden

retrievers and Boxers (Edmondson et al., 2015; Meuten

and Meuten 2016). Common clinical signs of RCC in dogs

are hematuria, palpable abdominal mass and non-specific

signs including anorexia, depression and weight loss

(Lucke and Kelly 1976; Collicutt et al., 2013).

In dogs with RCC, hematologic abnormalities

may be demonstrated including neutrophilic leukocytosis,

mild anemia, mild thrombocytopenia and polycythemia

associated with an increase of erythropoietin (Meuten and

Meuten 2016). Urinalysis may show hematuria, proteinuria,

pyuria or inactive sediment in dogs with primary renal

tumor (Klausner and Caywood 1995). Urine cytology with

Giemsaís staining may demonstrate transitional epithelial

cells and large clusters of markedly pleomorphic cells

(Birdane et al., 2004). Hepatic enzymes were found to be

elevated in 10-25% of dogs due to secondary liver

disease (Meuten and Meuten 2016). Only 16% and 19%

of the dogs had increased levels of creatinine and urea,

respectively, while mild hypoalbuminemia was observed

in just 13%; no other specific biochemical abnormalities

were identified (Carvalho et al., 2017). Radiography and

ultrasonography are effective and accessible for the

diagnosis of renal tumors, however, there are limitations

for the identification of tumor metastasis by these

techniques (Collicutt et al., 2013). To aid in the

visualization of renal tumor and tumor metastasis to

other structures, computed tomography (CT) is a useful

diagnostic tool (Noh et al., 2022). Pulmonary metastasis

is reported in dogs with RCC of 16-26.7% (Noh et al.,

2022). The common sites of tumor metastasis in dogs are

lungs, lymph nodes, bones, skin and liver (Herthel et al.,

2011). The histopathological findings of RCC demonstrate

a highly cellular nature with numerous cohesive sheets

of round to polygonal epithelial cells with ill-defined

cytoplasmic borders (Collicutt et al., 2013). The cells are

usually closely packed and the cytoplasm is abundant,

dense and non-vacuolated (Nielsen et al., 1976).  RCC is

classified into three types based on histological

patterns: solid, papillary, and tubular (Nielsen et al., 1976).

Furthermore, this histocytological pattern of RCC can be

divided into three subtypes: chromophobic, eosiophillic and

clear cell variants (Gil da Costa et al., 2010). Cytologic

criteria for clear cell RCC are solid tumors with extensive

areas of numerous carcinoma cells, clear, vacuolated

cytoplasm and an extensive network of small caliber blood

vessels (Edmondson et al., 2015). Canine clear cell RCC

is rare in dogs, with only 9% observed compared to 77%

in humans (Keegan et al., 2012; Carvalho et al., 2017).

For therapeutic options, nephrectomy may extend

survival time in dogs with primary renal tumors (Bryan et

al., 2006). Survival time has been reported from 8 to 24

months with a median of 16 months in dogs with RCC

after nephrectomy (Meuten and Meuten, 2016). The

Fuhrmann grading system, histological subtype and

mitotic count (MC) are all prognostic factors for RCC

(Avallone et al., 2021). Moreover, the COX-2 immuno-

histochemical score (IHS) and the mitotic index (MI)

predict individual outcomes (Carvalho et al., 2017).
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Adjunctive therapy using tyrosine kinase inhibitors to

prolong the survival time of a dog with metastatic RCC

after nephrectomy was recently reported (Damian and

Di Bella 2022). Only a few case reports on clear cell RCC

in dogs have been published in the veterinary medicine

literature. The purpose of this case report is to demonstrate

the character of the clinical signs, laboratory findings,

diagnostic imaging, histopathologic diagnosis and effect

of treatment on survival time in a dog with clear cell RCC.

Case description

History

A 10-year-old, spayed, female Poodle dog was

presented at Prasuarthon Animal Hospital, Faculty of

Veterinary Science, Mahidol University for further

investigation on abdominal enlargement. The dog was

suspected of having an abdominal mass of unknown

origin.

The dog previously had intermittent vomiting and

decreased appetite for a week. Antiemetics such as

ondansetron and metoclopramide were administered

from a private clinic without any improvement. The dog

was indoor living and its vaccination status was current.

Physical examination and laboratory findings

      For the physical examination, the dog was quiet, alert

and responsive. The patient’s vital signs were assessed

and found to be within normal limits: the heart rate was

108 beats/minute, respiratory rate was 24 breaths/minute,

rectal temperature was 101.4 ?F, capillary refill time was

normal, cardiothoracic auscultation revealed no abnormal

sounds, and the femoral pulse was normal. The mucous

membrane was pale-pink. The dog was slightly obese,

with a body condition score of 6/9. Upon an abdominal

palpation, the dog was uncomfortable and a large

abdominal mass was anticipated.

At the first visit to the referral center, laboratory

findings including complete blood count (CBC) and

biochemistry profile were performed. The CBC showed

leukocytosis and mild anemia (Table 1). The biochemical

findings revealed elevation of plasma symmetric

dimethylarginine (SDMA) concentration with normal

blood urea nitrogen (BUN), creatinine (Cr), total protein,

albumin, alanine transaminase (ALT) and alkaline

phosphatase (ALP) concentrations (Table 1).

Diagnostic imaging

      To further assess the abdominal mass and its

metastasis, thoracic and abdominal radiography,

abdominal ultrasonography and CT scan were performed.

Thoracic and abdominal radiographs were taken in 2

views, lateral and ventrodorsal. Thoracic radiographs

showed a bronchial lung pattern without evidence of

pulmonary metastasis (Figure 1).  Abdominal radiographs

demonstrated a caudal abdominal mass with ill-defined

margins and loss of serosal detail, and loss of peritoneal

space (Figure 2). Abdominal ultrasonography revealed a

large oval-shaped mass at the left retroperitoneal area with

an unknown origin. The mass was approximately 10 x 15

centimeters in dimension and appeared to be the left

kidney with heterogeneous parenchyma and irregular

contour (Figure 3). No urolith was detected. Other

abdominal organs had unremarkable findings. Based on

these findings, a presumptive diagnosis of unilateral renal

mass was made. Subsequently, thoracic and abdominal CT

scans were performed. The thoracic CT scan showed

normal lungs and heart. The left kidney was markedly

enlarged with irregular shaped and had heterogeneous

contrast enhancement. Vessel enhancement was found in

the cortico-medullary phase of post contrast. The regional

lymph nodes near the left kidney were slightly prominent
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Parameters References D0 Parameters References D0

(Absolute)

Wbc (/uL) 6000-17,000 25,580 Alb (g/dL) 2.7-3.8 2.9

Monocyte 150-1,530 1,535 Alp (U/L) 23-212 173

Neutrophil 3,000-11,500 19,952 Alt (U/L) 10-100 19

Lymphocyte 1,000-4,800 4,093 Bun (mg/dL) 7-27 23

Eosiophil 100-1,250 0 Crea (mg/dL) 0.5-1.8 1.37

Basiophil <100 0 Glu (mg/dL) 77-125 84

RBC (106/uL) 5-9 5.08 Total prot (g/dL) 5.2-8.2 6.3

HB (g/dL) 10-18 9.6 SDMA (ug/dL) 0-14 19

Hct % 35-55 29.8 Plt (103/uL) 200-500 556

Hct: hematocrit, PLT: platelet, RBC: red blood cell, Hb: hemoglobin, BUN: blood urea nitrogen, ALT: alanine

aminotransferase, ALP: alkaline phosphatase, SDMA: symmetric dimethylarginine

Table 1.  Hematological report from the first visit.

Figure 1. Lateral (A) and ventral-dorsal (B) views of plain thoracic radiographs revealed the absence of pulmonary me-

tastasis at first visit.

A B
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Figure 2. Lateral (A) and ventral-dorsal (B) views of plain abdominal radiographs revealed a soft tissue density mass at

the caudal part of the abdomen (asterisk).

Figure 3. Abdominal ultrasonography showed an unlocated mass (asterisk) which was adjacent to the urinary bladder

(UB) (US mode: B-mode, frequency 10 Megahertz, transducer C3 -10).

A B

*

*
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with inhomogeneous contrast enhancement. Based on these

results, the dog was diagnosed as having a left renal mass

with regional lymph nodes involvement (Figure 4).

Treatment and monitoring

After the diagnostic imaging, the treatment plan

was to implement a surgical removal of renal mass or

nephrectomy. Thus, an exploratory laparotomy and

unilateral nephrectomy were performed. During the

laparotomy, the mass was 15x10 centimeters in dimension,

had irregular form with contour, was covered with

omentum and was proven to be the left kidney. After the

left nephrectomy, the mass was sent for histopathological

examination. During visual inspection and palpation, no

gross abnormalities were found on the right kidney, liver,

gall bladder, intestine and urinary bladder.

After surgery, the dog was hospitalized for 3 days

at the intensive care unit for monitoring and post-

operative care. During hospitalization, the dog was treated

by intravenous fluid, amoxycillin/clavulanic acid (20 mg/

kg; Clavamox®, Zoetis Thailand Ltd., Bangkok, Thailand)

for 10 days and analgesics. Analgesics included a

constant rate infusion (CRI) of fentanyl (4 ug/kg;

fentanyl-hameln®, Siam Bioscience Co. Ltd., Nonthaburi,

Thailand) for 24 hours, combined with a fentanyl patch

(25ug/kg; Sandoz®, Hexal AG, Holzkirchen, Germany) for

48 hours, and robenacoxib (1 mg/kg; Onsior®, Novartis

Animal Health US, Inc., Greensboro, NC 27408, USA)

for 3 days. A veterinarian monitored the patient's vital

signs, including respiratory rate, heart rate, capillary refill

time, mucous membrane color and femoral pulse. Blood

and urine samples were tested at the first and second days

Figure 4. A left renal mass (asterisk) and involved regional lymph node reported from computed tomography.

*
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of hospitalization. The CBC results showed mild anemia

and leukocytosis (Table 2). Biochemical profile revealed

normal concentrations of plasma creatinine and blood

urea nitrogen (BUN) (Table 2). Urinalysis including

physical examination, dipstick and sediment analysis

were normal (Table 2). Also, the dog had normal urine

output (UOP) throughout the hospitalization. After

recovering with a normal appetite, the dog was discharged

from the hospital and prescribed oral antibiotics and

anti-inflammatory medication. Amoxicillin/clavulanic

acid (20mg/kg; MOXCLAVET 62.5®, BIC Chemical Co.,

Ltd. Bangkok, Thailand) for 7 days and robenacoxib

(1 mg/kg; Onsior®, Novartis Animal Health US, Inc.,

Greensboro, NC 27408, USA) for 3 days oral preparation

were prescribed for continuation.  At the 7-days follow-up

after discharge, the dog's vital signs were normal and

Parameters References Post-operative Post-operative Post-operative Post-operative

(Absolute) Day 1 Day 2 Day 7 Day 120

Wbc (/uL) 6000-7,000 26,340 28,750 17,650 9,070

Monocyte 150-1,530 1,580.4 863.5 529.5 544.2

Neutrophil 3,000-11,500 21,072 23,575 1,3414 6,258.3

Lymphocyte 1,000-4,800 3,688.6 3,450 3,353.5 2,176.8

Eosiophil 100-1,250 0 863.5 353 90.7

Basiophil <100 0 0 529.5 544.2

RBC (106/uL) 5-9 4.64 5.08 5.88 7.14

HB (g/dL) 10-18 8.9 9.6 11.2 14.4

Hct % 35-55 27.4 30.4 35.2 43.1

Plt (103/uL) 200-500 532 599 892 396

BUN (mg/dL) 7-27 18 20 26 20

Creatinine (mg/dL) 0.5-1.8 1.24 1.35 1.64 1.83

Glu (mg/dL) 77-125 99 120 122 109

Alb (g/dL) 2.7-3.8 - - 3.1 3.3

Alp (U/L) 23-212 - - 745 135

Alt (U/L) 10-100 - - 144 40

Total protein (g/dL) 5.2-8.2 - - 7.1 6.9

Urinalysis (Cystocentesis)

SG 1.015-1.045 1.017 1.015 1015 1030

pH 5.2-6.8 6 6.5 7.5 6.0

Leu negative - - - -

NIT negative - - - -

PRO negative - 1+ 1+ -

GLU normal - - - -

KET negative - - - -

UBG normal - - - -

BIL negative - - - -

ERY negative 1+ 2+ - -

Hct: hematocrit, PLT: platelet, RBC: red blood cell, Hb: hemoglobin, BUN: blood urea nitrogen, ALT: alanine

aminotransferase, ALP: alkaline phosphatase, SG: specific gravity

Table 2.  Hematology and Urinalysis report from post-operative care Days 1, 2, 7 and 120.
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there was no evidence of vomiting or hematuria. The blood

examination showed thrombocytosis, increased alanine

transaminase (ALT), increased alkaline phosphatase

(ALP), normal BUN, and normal creatinine concentrations

(Table 2). Ultrasonography demonstrated early chronic

kidney disease (CKD) from the right kidney, no evidence

of peritonitis, and unremarkable other abdominal organs.

At the 120 days of follow-up, the dog was

clinically healthy. Blood examination including complete

blood count (CBC), blood biochemistry and urinalysis

were all within references intervals (Table 2). Thoracic

radiographs were performed and showed no pulmonary

metastasis (Figure 6). There was no tumor metastasis

observed from the ultrasonography.

Histopathological findings

Histopathologic examination confirmed the

resected mass as a clear cell renal cell carcinoma. The

specimen displayed a cancerous mass with well-

demarcated, partially encapsulated, densely cellular

appearance. Neoplastic cells were overgrown and

compressing the adjacent normal left kidney parenchyma

(Figure 5). Those cells were typically arranged in compact

nests and sheets with distinct cytoplasmic border. The cells

were large, round to polygonal and contained eosinophilic

cytoplasm which occasionally displayed multiple small

clear vacuoles within the cytoplasm or contained large clear

intracytoplasmic vacuoles (Figure 5). The nuclei were

irregularly round with finely granular chromatin. There

was moderate cellular and nuclear pleomorphism and

the rate of mitosis was low. The single cell necrosis and

small amounts of multifocally scattered hemorrhages

were found throughout the neoplasm. Multifocal

aggregates of few lymphocytes, plasma cells and

macrophages were observed within the adjacent cortical

stroma and mild multifocal interstitial fibrosis was also

presented.

A B

➡

Figure 5. (A) The specimen shows cancer cells with a well-defined, partially encapsulated, tightly cellular appearance

(asterisk). Neoplastic cells are hyperproliferative and compress the adjacent normal left renal parenchyma (H&E,

40x). (B) Tumor cells are large, round to polygonal cells with clear intracytoplasmic vacuoles and some

neoplastic cells contain small amount of eosinophilic cytoplasm. The nuclei are irregularly round with finely

granular chromatin (H&E, 400x) (arrow).
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Discussion

Primary renal tumors including cancers such as

RCC, transitional cell carcinoma, sarcoma and

nephroblastoma are found in many species such as horses,

sheep, dogs and cats (Bryan et al., 2006; Paca and Lazar

2013; Meuten and Meuten 2016). Actually, RCC commonly

affects a unilateral kidney. Nevertheless, bilateral

involvement is rarely found (Lucke and Kelly 1976). In

this case report, unilateral RCC was demonstrated.

Breed predilection includes German shepherds and other

large sized canine families (Edmondson et al., 2015;

Meuten and Meuten 2016). The proportion of male dogs

having renal cell carcinoma is higher than females (Gil da

Costa et al., 2010), similar to cases reported in humans

(Hayes and Fraumeni 1977). Nonetheless, this case report

was found in a female Poodle.  The age of dogs with RCC

in this report was 8 years, in accordance with the age range

3-15 years reported in a previous study  (Lucke and Kelly

1976). Dogs with RCC can express clinical signs such as

anorexia, weight loss, hematuria and palpable abdominal

mass (Birdane et al., 2004) which was also observed in

this case report, except without hematuria.

Laboratory findings in RCC hematologic

abnormalities include anemia (33%) leukocytosis (20%),

lymphopenia (9%), thrombocytopenia (9%), monocytosis

(6%) and rarely polycytemia (Bryan et al., 2006). Several

paraneoplastic syndromes are found in dogs with primary

renal tumor such as mild anemia, mild thrombocytopenia,

neutrophilic leukocytosis, and secondary polycythaemia

related with increased erythropoietin production by a

tumor (Meuten and Meuten 2016). Urinalysis often reveals

macroscopic and microscopic hematuria, aiding in the

differentiation between urinary inflammation and

neoplasia (Wycislo and Piech 2019). Urine sediment

cytology often demonstrates large clusters of pleomorphic

cells and mitotic figures (Birdane et al., 2004). Never-

theless, urinalysis was unable to be performed in this

case during the diagnostic process because the bladder

was empty during the examination at the hospital. Several

studies have suggested that radiography is imperative for

Figure 6. Lateral (A) and ventral-dorsal (B) views of plain thoracic radiograph revealed the absence of pulmonary

metastasis at day 120 after nephrectomy.

A B
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diagnosis (Meuten and Meuten 2016). Abdominal

radiographs often reveal a soft tissue mass with ill-defined

margins and a radiopaque silhouette at the caudal part of

the abdomen (Lee et al., 2005).  Also, ultrasonography helps

to verify an abdominal mass; however, it is difficult to

differentiate the origin of the mass (Noh et al., 2022).

Comparably, the ultrasonography in this case report could

not identify the origin of the tumor. Currently, CT scan is

very helpful for visualizing RCC and its metastasis (Lee

et al., 2011; Tanaka et al., 2019). In this case report, all

recommended imaging techniques were performed to

precisely locate the location, the origin and the metastasis

of the mass.

Renal biopsy in dogs with renal mass is required

for a definitive diagnosis and determination of disease

severity. The techniques include percutaneous methods

with ultrasonographic guidance and biopsy during

laparoscopy or surgery (Vaden 2005). Also, fine-needle

aspiration from the kidney was suggested as a noninvasive

technique to get the samples for cytology (Petterino

et al., 2011). Renal cytology is particularly helpful for

identifying inflammation, neoplasia, abscesses, infection

and metastasis neoplasia (Borjesson 2003). Surgery is the

most effective treatment for dogs with unilateral renal

neoplasia (Araujo et al., 2021). Thus, unilateral

nephrectomy was performed in this case. The renal mass

subsequently underwent histopathological examination.

Histopathology for RCC revealed a tubular cell

origin containing solid, tubular and papillary patterns

(Baskin and De Paoli 1977). One study reported histologic

types of RCC which are indicated in dogs as 34 % for

solid, papillary 24 % and tubular 4%, but tubular is the

most common type in other animals (Meuten and Meuten

2016). Nonetheless, tubular cell type was a result in this

study. Clear cell RCC or ccRCC is a type of kidney cancer.

In humans, ccRCC is the most common type of kidney

cancer, accounting for approximately 80% of all cases of

renal cell carcinoma. In contrast, ccRCC in dogs was

observed in only 9% of cases (Edmondson et al., 2015).

Clear cell RCC arises from the epithelium of the

proximal convoluted tubules and exhibits a predominantly

expansive growth pattern. Grossly, it is a firm to solid,

yellowish lesion with varying degrees of internal necrosis,

hemorrhage and cystic degeneration. Such findings are

most frequently observed in large, rapidly growing tumors.

Histologically, such lesions have clear cells due to their

lipid- and glycogen-rich cytoplasmic content. Such tumors

often also contain cells with eosinophilic granular

cytoplasm (Athanazio et al., 2021).

After nephrectomy, adjunctive therapy such as

chemotherapy and anti-inflammatory drugs have been

used in dogs with RCC in some case studies, resulting in

similar survival time when comparing treatment or no

treatment (Watanabe et al., 2008; Carvalho et al., 2017).

Cyclooxygenase-2 (COX-2) is an inflammatory enzyme,

which plays a role in modulation of neoplastic cell

growth (Khan et al., 2001). In addition, the use of target

chemotherapy medication of tyrosine kinase inhibitor

(Toceranib phosphate) was reported in a dachshund dog

to reduce the size of a lung mass from metastasis of RCC

and prolong survival time  (Damian and Di Bella 2022).

Dogs diagnosed with clear cell RCC had

significantly shorter survival times (Edmondson et al.,

2015). The survival times for RCC after surgery were

reported as 8 ñ 24 months (median 16 months) (Meuten

and Meuten 2016). The combination between nephrectomy

and chemotherapy with tyrosine kinase inhibitor (Toceranib

phosphate) treatment gave a recorded survival time of 36

months (Damian and Di Bella 2022). The survival time of

the dog in this case report has already been 6 months thus
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far. About 50-70 % of dogs with RCC have tumor

metastasis  (Meuten and Meuten 2016). Metastatic

behavior in RCC is highly spread, and involves a wide

range of organs including liver, bone, skin and especially

lungs and local lymph nodes (Arai et al., 1991; Herthel

et al., 2011). In humans, metastasis of RCC is found in

bone as the most common site, which is different from

animal species (Padala et al., 2020). Human ccRCCs also

have shorter survival times compared to papillary and

chromophobe subtypes, and human ccRCC variants

more frequently cause metastatic disease (Keegan et al.,

2012; Montironi and Cimadamore 2022). No evidence of

metastasis has been observed in the dog in this case

report after 6 months post operation. During monitoring,

RCC dogs that had undergone nephrectomy could develop

chronic renal failure, which subsequently led to systemic

hypertension and proteinuria (McKiernan et al., 2002).

Hence, an angiotensin II receptor blocker such as

telmisatan is an additional medication  that helps to

alleviate  systemic hypertension and proteinuria in RCC

dogs that had undergone nephrectomy  (Kwon et al., 2018).

The guideline recommendations for this case are to

monitor metastasis, clinical assessment, hematology, blood

biochemistry, urinalysis, ultrasonography and chest

radiographs at 3 and 6 months (Dobson and Lascelles

2011). After 6 months monitoring, a 6-month to an annual

follow up should be continued (Biller et al., 2016). Ideally,

CT scan is the most effective tool for close monitoring of

metastasis (Noh et al., 2022). In humans, a CT scan every

6 ñ 12 months is very useful for monitoring metastasis

and prognosis disease (Kassouf et al., 2009), but its use

was limited in this case due to a financial issue.

Conclusion

In this case report, a nephrectomy was effective in

treating renal carcinoma, along with supportive treatment

to minimize the side effects after the surgery. Monitoring

the patient was essential since ccRCC is highly recurrent

in nature. Diagnostic imaging such as radiography,

ultrasonography and CT scan were used in this patient to

monitor for metastasis and blood profile was done

regularly for general health condition observation. The

limitation of this case was the lack of urinalysis from

the first visit, because of having no clinical signs that

can lead to urinary tract disorder such as hematuria,

pollakiuria and stranguria. However, this might not affect

the diagnosis for renal neoplasia. Furthermore, ccRCC in

dogs has been reported in only a few publications, making

it difficult to compare survival time and laboratory tests.

Histopathologic examination of RCC subtypes was

limited because of a low number of specialists. Ultimately

the dog was given a final diagnosis as ccRCC and

nephrectomy was performed. Within 6 months of

observation, the dog had recovered well and was

clinically improved.
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