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ABSTRAK

Diare pada Macaca fascicularis sangat mengganggu proses penangkaran, diare
mengurangi kualitas hidup kera, E. coli sering dilaporkan sebagai penyebab utama diare pada
beberapa primata non-manusia. Tujuan dari penelitian ini adalah untuk mendeteksi faktor
virulensi seperti hemolisin, pola hemaglutinin, dan hidrofobisitas permukaan sel. Penelitian ini
menggunakan 30 isolat E. coli dari koleksi pusat penelitian primata IPB University yang
diisolasi dari kera ekor panjang yang menderita diare. Faktor virulensi seperti hemolisin,
hemaglutinasi, dan agregasi garam dideteksi sesuai protokol standar. Sebanyak 30 isolat M.
fascicularis yang menderita diare diuji kemampuannya menyebabkan lisis pada eritrosit, di
antara 24 (80%) sampel E. coli menunjukkan a -hemolisin pada agar darah dan 2 (6,67%)
sampel menunjukkan y-hemolisis. Sebanyak 21 (70%) sampel E. coli mampu
menghemaglutinasi eritrosit sapi dan 27 (90%) sampel mampu menghemaglutinasi eritrosit
kelinci. Sebanyak 30 sampel E. coli tidak mampu menghemaglutinasi eritrosit ayam, kucing,
anjing, dan manusia. Sebanyak 2 (6,67%) sampel menunjukkan hasil positif pada uji agregasi
garam di antara 30 sampel E. coli dari M. fascicularis dan sisanya 28 (93,33%) sampel tidak
menunjukkan hasil positif pada uji agregasi garam. Kesimpulan penelitian adalah Sebanyak 30
isolat E. coli menunjukkan variasi faktor virulensi yang berperan dalam mekanisme diare pada
Macaca fascicularis. Terdapat 24 isolat (80%) yang menunjukkan a-hemolisin, 2 isolat
(6,67%) menunjukkan y-hemolisin, dan 4 isolat lainnya (13,33%) tidak menunjukkan aktivitas
hemolisis. Selain itu, 29 isolat (96,7%) menunjukkan hemaglutinasi terhadap eritrosit sapi
dan/atau kelinci, sedangkan 2 isolat (6,7%) bersifat hidrofobik berdasarkan uji salt aggregation.
Kata Kunci: Diare, E.coli, Faktor Virulensi, Macaca fascicularis
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INTRODUCTION

Escherichia coli, is a rod-shaped
bacteria in the gram-negative group which
is member of the Enterobacteriaceae
family, which was first isolated and
characterized by Theodor Escherich in
1885, a few hours after the birth, E. coli
colonized and inhabited the baby's
digestive tract. Generally, E. coli is a
bacteria that has commensal benefits in
balancing the digestive environment
(Cobo-Simon and  Ochman, 2023).
However, commensal E. coli can change to
caused disease in humans and animals,
when the gastrointestinal barrier is
damaged or the host in immunocompromise
condition. Some E. coli also mediated
various intestinal and extraintestinal
diseases in humans and animals worldwide
(Ramos et al. 2020).

Diarrhea in M. fascicularis is very
disruptive in the captive breeding process,
diarrhea reduced the quality of life of
macaques, caused death in infant-juvenile,
malnutrition, and allows infection with

other diseases. Escherichia coli is often
reported as the main cause of diarrhea in
several non-human primates (Abdallah et al
2020), in rhesus monkeys (Wu et al. 2024),
P. anubis (Waititu et al. 2022), M.
fascicularis (loe et al. 2021), however, the
cause of diarrhea in E. coli is still unclear.
It is important to detected virulence factors
in order to determined the disease's
pathogenicity and developed a therapeutic
plan to overcame the disease (Pabkin et al.
2021)

The novelty of this study lies in the
identification and characterization of E. coli
virulence factors specifically circulating in
captive Macaca fascicularis, which has not
been comprehensively reported in previous
research. This study provides new insights
into the pathogenic potential of E. coli in
this species and contributes essential
baseline data for developing targeted
diagnostic and therapeutic strategies in
captive primate management.

MATERIALS AND METHODS

Ethical approval and informed consent
The study was conducted according
to the princi ples of the animal welfare. The
protocol was approved by the animal ethics
committee, School of Veterinary Medicine
and Biomedical Science, IPB University.
The ethical approval number is:
260/KEH/SKE/X/2024.

Research design

This study used 30 E. coli isolates
from the primate research center IPB
University collection which was isolated
from long-tailed macaques suffered from
diarrhea by Loe et al (2021). Escherichia
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coli isolates were re-identified again using
EMB agar media, gram staining, and
observation with a microscope. Confirmed
E. coli isolates were cultured on TSA
media.

Haemolisin

The cytolytic protein toxin secreted
by hemolytic E. coli isolates is alpha-
hemolysin, beta-hemolysin and gamma-
hemolysin. Haemolysin was detected by
inoculating the strains on 5% sheep blood
agar plates and kept for overnight
incubation at 37 °C. The test is hemolytic
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when a zone of lysis is seen around each
colony on blood agar plates.

Hemaglutination pattern
Hemagglutination assay used 30
isolates of E. coli cultured in BHI at 37 °C
for 24 hours, Fimbriated E. coli produces
hemagglutination, which can be detected by
showing the presence of clumping of
erythrocytes. The blood is washed three
times with normal saline, and a 1%
erythrocyte suspension is then prepared
with phosphate buffer saline (pH 7.4). E.
coli grown on BHI is inoculated into 5 ml
of phosphate buffer saline pH 7.4. The
procedure is carried out on a microplate.
Each of 40 pl of bacterial suspension was
mixed with 40 pl of human, cow, rabbit,
chicken, cat, and dog blood. The slide is
then gently shaken, and the
hemagglutination reaction is recorded.
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Salt Aggregation Test (SAT)

The hydrophobic characteristic of
the Dbacterial strains was determined
according to the method reported by
Jonsson P. and Wadstrom T., (1984).
Samples were grown in 10 mL of BHI broth
at 37 °C for 18 h. Bacterial cells were
harvested by centrifugation (3000 g for 15
min), washed twice with phosphate-
buffered saline (PBS) pH 7, and suspended
in PBS at a concentration of 107 cells/mL.
Bacterial cell suspensions (25 pL) were
mixed with equal volumes of ammonium
sulfate of various molarities
(0.2,0.4,0.5,0.8,16 and 3.6 mol/L) on
microscopic glass slides. The lowest
concentration of ammonium sulfate giving
a visible aggregation was scored as the SAT
hydrophobicity value.

RESULT AND DISCUSSION

Total of 30 isolates of M. fascicularis
suffered from diarrhea were tested for their
ability to cause lysis in erythrocytes, among
24 (80%) E. coli samples showed a-
hemolysin on blood agar and 2 (6.67%)
samples showed y -hemolysis (Figure 1).
Total of 21 (70%) E. coli samples could
hemagglutinated bovine erythrocytes and
27 (90%) samples could hemagglutinated
rabbit erythrocytes (Figure 2). Total of 30
E. coli samples were wunable to
hemagglutinated chicken, cat, dog, and
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human erythrocytes. The distribution of
hemagglutinin patterns tested on E. coli
isolates in this study is tabulated in Table 1.

Total of 2 (6.67) samples were positive
for salt aggregation test among 30 samples
of E. coli from M. fascicularis and rest 28
(93.33%) do not showed positive result in
salt aggregation test (Figure 3). The
distribution of the virulence factor tested
among E. coli isolates in this study are
tabulated in Table 2.
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Figure 1. Hemolysis on blood agar (y) isolate with gamma hemolysin, (a) isolate with alpha
hemolysin

Figure 2. Hemagglutination test results (+) agglutination reaction of 1% of rabbit erythrocytes
added to E. coli suspension, (-) no agglutination reaction occurred of 1% of rabbit
erythrocytes added to E. coli suspension.

Figure 3. Results of bacterial suspension added with 0.8M Ammonium sulfate, (Right) Positive
SAT result, (left) Negative salt agregation test result.
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Table 1. Distribution of hemagglutination pattern of E. coli isolates from

several animal’s erythrocyte

Erythrocyte group
Total positive Human Cow Cat Dog Rabit ~ Chiken
hemaglutination 0 21 0 0 27 0
Table 2. Distribution of virulence factors among E. coli isolates
Virulence factors Number
Isolates having all three virulence factors 2
Isolates have Two Virulence
factors Haemolysin and haemagglutination 23
Haemolysin and salt aggregation 0
Haemaglutination and salt
aggregation 0
Isolates have One Virulence
factor Haemolysin 1
Haemagglutination 4
Salt aggregation 0
Total 30
Based on the research results, 30 significantly  altered  the  cellular

samples of E. coli isolated from M.
fascicularis suffered diarrhea, overall had
virulence factors. In 2 (6.67%) samples had
three virulence factors, 23 (76.67%)
samples had two virulence factors, and 5
(16.67%) other samples only had one
virulence factor.

Escherichia coli produces three
types of hemolysin, namely o, f and y. Most
E. coli produce alpha hemolysis compared
to beta hemolysis and a small portion of
gamma hemolysis (Schwidder et al. 2019;
Walton and Smith,1969). Cytolytic protein
toxins secreted by most isolated hemolytic
E. coli are alpha-hemolysin and gamma-
hemolysin.  Escherichia  coli  alpha-
hemolysin and gamma-hemolysin are
exotoxins that are considered significant
virulence factors in several clinical
infections. Hemolysins are known to be
toxic to a wide range of mammalian cells,
and their production within host cells can
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environment and local inflammation.
Detection of hemagglutinin in E.
coli ~ phenotypically  usually  used
haemagglutination test using erythrocytes.
Hemagglutinin is an important virulence
factor as a marker of E. coli pathogenicity
(Rajkumar et al., 2016). Detection of
hemagglutinin in E. coli phenotypically
usually used a haemagglutination test using
erythrocytes. Bacteria agglutinated several
different species of red blood cells such as
humans, rabbits, guinea pigs, poultry,
sheep, mice, etc. Haemagglutination of red
blood cells by microbes is used as an
epidemiological marker along with others.
Several types of erythrocytes have been
used in the haemagglutination test on E.
coli. Rajkumar et al. (2016) used
erythrocytes from various human blood
groups, Khusnan and Purnomo, (2022) used
erythrocytes from rabbits and humans
Gupta et al. (1958) used erythrocytes from
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humans, guinea pigs, and rabbits, and
sheep, Mythreyi et al. (2011) used
erythrocytes from cows and humans. In this
research, the haemagglutination test used
human, cow, dog, cat, rabbit, and chicken
erythrocytes. Among the E. coli isolates
examined, 21 (70%) exhibited
hemagglutination of cow erythrocytes and
27 (90%) exhibited hemagglutination of
rabbit erythrocytes, whereas none of the 30
isolates (100%) hemagglutinated human,
dog, cat, or chicken erythrocytes. E. coli
isolates that have hemagglutinin will be
able to agglutinated erythrocytes,
erythrocyte haemagglutination can occur
when there is a bond between
hemagglutinin on surfaced by E. coli and
the hemagglutinin receptor on erythrocytes.
Hemagglutination will not occur because of
the differences in receptors on erythrocytes
with the surface of bacteria. Based on
research done by Evans et al., (1980) and
Hogan et al. (1990) reported the receptor
differences on the surface of human, sheep,
and chicken erythrocytes, cows with guinea
pigs.

Cell surface hydrophobicity (CSH)
is a biophysical measure of a cell's affinity
for a hydrophobic versus hydrophilic
environment. Cells with higher CSH
prefered a hydrophobic environment while
cells with lower CSH prefered an aqueous
environment (Krasowska and Sigler, 2014).
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Salt aggregation test is a conventional
method that is easy and often used to detect
bacterial hydrophobicity (Ramesh et al.
2023). Based on the results of this study, 2
(6.67%) E. coli samples isolated from M.
fascicularis suffered diarrhea cases were
hydrophobic. The hydrophobicity of
microbial surfaces plays an important role
in bacterial adhesion to the host cell surface
(Goswami et al. 2017), CSH is a cellular
property that has broad effects on many
aspects of microbial physiology. Bacterial
adhesion to host cells and the ability to
invaded cells are considered important
steps in the infection process. Surface
adhesion and subsequent biofilm formation
are critical as they can lead to drug
resistance (Mirani et al. 2018; Danchik and
Casadevall, 2021). Rapid changes in
environmental conditions forced adaptive
modifications in microorganisms that
enhanced their ability to survived
(Krasowska and Sigler, 2014). The ability
to formed biofilms may enhanced the
survival of microorganisms, as cells
growing in biofilms are highly resistant to
components of the human immune system
and many antimicrobial agents. Bacterial
cell adhesins can be ranked based on their
hydrophobicity, with pathogenic E. coli
known to exhibited greater surface
hydrophobicity than nonpathogenic E. coli
(Nigudgi et al. 2023).

CONCLUSION
A total of 30 E. coli isolates isolates (96.7%) exhibited
expressed  various virulence factors hemagglutination toward bovine and/or

responsible for the diarrheal mechanism in
Macaca fascicularis. Among these isolates,
24 isolates (80%) exhibited a-hemolysin, 2
isolates (6.67%) showed y-hemolysin, and
the remaining 4 isolates (13.33%) showed
no hemolytic activity. In addition, 29
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rabbit erythrocytes, while 2 isolates (6.7%)
showed positive hydrophobicity based on
the salt aggregation test



Rizal et al

Jurnal Kajian Veteriner

ACKNOWLEDGEMENTS

We would like to express our
sincere gratitude to Primate Research
Center IPB University and PT.
Biomol Nusantara Mandiri for their
generous to provide Research
Laboratorium to support through the
Doctoral Dissertation. We would also

like to extend our appreciation for
invaluable help and support from all
stakeholders involved in this study.
The manuscript has not been
published or submitted to other
journals.

REFERENCES

Abdallah, S. M., Khalil, S. A., Hagag,
Y. N., Hosawi, O. M., &
Sleim, A.S. A. (2020). The
prevalence of E. coli
isolated from primates in
Alexandria Zoo. Alexandria

Journal  for  Veterinary
Sciences, 66(2), 55-61.
Cobo-Simén, M., Hart, R.,, &
Ochman, H. (2023).

Escherichia coli: what is and
which are? Molecular
Biology and  Evolution;
40(1), 1-11.

Danchik, C., & Casadevall, A.
(2021). Role of cell surface
hydrophobicity in the
pathogenesis of medically-
significant fungi. Frontiers in
Cellular and Infection
Microbiology, 10, 1-7.

Goswami, R. R., Pohare, S. D., Raut,
J.S.,, & Karuppayil, S. M.
(2017). Cell surface
hydrophobicity as a virulence
factor in Candida
albicans. Biosciences
Biotechnology Research
Asia, ; 14(4), 1503.

153

Gupta, N. P., Gupta, S. P., & Barua,
D. (1958).
Haemagglutination by strains
of Escherichia coli
isolated from cases  of
urinary infection.  Indian
Journal Medical Research. 46
(2), 147-151.

Heilmann, C. (2011). Adhesion
mechanisms of

Staphylococci. Advances in
Experimental Medicine and
Biology, 715, 105-123.
Hogan JS, Todhunter DA, Smith KL,
Schoenberger. (1990).
Hemagglutination and
hemolysis by Escherichia coli

isolated from bovine
intramammary infections.
Journal Dairy  Scimce.

1990,73(11):3126-31.
Krasowska, A., & Sigler, K. (2014).
How microorganisms  use
hydrophobicity and
what does this mean for
human needs? Frontiers in
cellular and infection
microbiology. 4, 112, 1-7.
Loe, F. R., Tomongo, S., Saepuloh,
D.S. U, Sajuthi, D., &


https://www.google.com/search?q=Advances+in+Experimental+Medicine+and+Biology&oq=Adv+Exp+Med+Biol.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzc0M2owajmoAgCwAgE&sourceid=chrome&ie=UTF-8&mstk=AUtExfCgFatRqXNHD7bviusY7kLtJNhRp3Jb208FzPrfuZs_jtNgF2L5tdtI9rYy68EG4_DfzxwvMmV7iPgkkioFnJssOYOOmsUmnbJNlX8g2wXI3BtMpbn0hZ6XcEttnlS4P85IYuySlTTMBA9DURmrUcv90N27S8SgqaVCHCpWtIFM_QvU7g-pHEAx70OA3BhodPbw07WI9X1S1_6CYbmJheG1vSE5vS-eNuSm7ldz4lDcWh9cQg9Te56jYa1Vn-RMRb7nAuGZnvNSyn-XVeoV84vU&csui=3&ved=2ahUKEwiPzcaYiIWRAxXH1jgGHbI_HUkQgK4QegQIAhAC
https://www.google.com/search?q=Advances+in+Experimental+Medicine+and+Biology&oq=Adv+Exp+Med+Biol.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzc0M2owajmoAgCwAgE&sourceid=chrome&ie=UTF-8&mstk=AUtExfCgFatRqXNHD7bviusY7kLtJNhRp3Jb208FzPrfuZs_jtNgF2L5tdtI9rYy68EG4_DfzxwvMmV7iPgkkioFnJssOYOOmsUmnbJNlX8g2wXI3BtMpbn0hZ6XcEttnlS4P85IYuySlTTMBA9DURmrUcv90N27S8SgqaVCHCpWtIFM_QvU7g-pHEAx70OA3BhodPbw07WI9X1S1_6CYbmJheG1vSE5vS-eNuSm7ldz4lDcWh9cQg9Te56jYa1Vn-RMRb7nAuGZnvNSyn-XVeoV84vU&csui=3&ved=2ahUKEwiPzcaYiIWRAxXH1jgGHbI_HUkQgK4QegQIAhAC
https://www.google.com/search?q=Advances+in+Experimental+Medicine+and+Biology&oq=Adv+Exp+Med+Biol.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzc0M2owajmoAgCwAgE&sourceid=chrome&ie=UTF-8&mstk=AUtExfCgFatRqXNHD7bviusY7kLtJNhRp3Jb208FzPrfuZs_jtNgF2L5tdtI9rYy68EG4_DfzxwvMmV7iPgkkioFnJssOYOOmsUmnbJNlX8g2wXI3BtMpbn0hZ6XcEttnlS4P85IYuySlTTMBA9DURmrUcv90N27S8SgqaVCHCpWtIFM_QvU7g-pHEAx70OA3BhodPbw07WI9X1S1_6CYbmJheG1vSE5vS-eNuSm7ldz4lDcWh9cQg9Te56jYa1Vn-RMRb7nAuGZnvNSyn-XVeoV84vU&csui=3&ved=2ahUKEwiPzcaYiIWRAxXH1jgGHbI_HUkQgK4QegQIAhAC

Rizal et al

Suparto, l. (2021).
Prevalence and sensitivity of
enteropathogenic bacteria in

diarrheagenic long-tail
macaque in  the Dbreeding
facilities of IPB

University —at  Dramaga,
Bogor. Jurnal Veteriner, 22
(4).523-530.

Mare, A., Man, A., Toma, F., Ciurea,

C.N., Coseriu, R. L., Vintila,
C., & Maier, A. C. (2020).
Hemolysin-producing strains
among diarrheagenic
Escherichia coli  isolated
from children under 2 years
old with diarrheal
disease. Pathogens, 9(12),1-
10.

Mirani, Z. A., Fatima, A., Urooj, S.,

Aziz, M., Khan, M. N., &
Abbas. (2003). Relationship
of cell surface
hydrophobicity with biofilm
formation and growth rate: A
study on Pseudomonas
aeruginosa, Staphylococcus
aureus, and  Escherichia
coli. Iranian  journal  of
basic medical sciences, 2018;
21(7), 760.

Mythreyi, N., Rathina Kumar, S.,

Sriram, K., Pavithra,
M., & Asit, R. G. (2011). Salt
Aggregation Test and
Hemagglutination Assay for

Understanding Bacterial
Adherence. Journal of
Pharmacy

Research, 4(11), 4055-4056.

Nigudgi, A., Hajare, V., Biradar, S.,

& Anandkumar, H.

Jurnal Kajian Veteriner

(2023). Evaluation of cell
surface hydrophobicity and
biofilm formation as
pathogenic  determinants
among ESBL producing
uropathogenic Escherichia
coli. Indian ~ Journal of
Microbiology Research,8(4),
263-267.

Pakbin, B., Briick, W. M., & Rossen,

J. W. (2021). Virulence
factors of enteric
pathogenic Escherichia coli:
A review. International
journal of molecular
sciences, 2021; 22(18),1-18.

Purnomo, A. (2022). Detection of

Phenotypical Virulance
Factors in Escherichia
coli Raw Milk Isolates. Jurnal
Veteriner, 23(1). 42-54.

Ramesh A, Anandam S, Sateesh K,

Khelgi A. (2023).
Characterisation of
uropathogenic E. coli

bdetecting the virulence
factors and its  drug
resistance pattern in a tertiary
care  hospital in India.
Indian Journal Microbiology
Research,10(1):33-38.

Rajkumar, H. R. V., Devaki, R., &

Kandi, V. (2016).
Comparison of
hemagglutination and

hemolytic activity of various
bacterial clinical isolates
against different human blood
groups. Cureus, 8(2),1-9.

Ramos, S., Silva, V., Dapkevicius, M.

D.L.E., Caniga, M.,
Tejedor-Junco, M. T.,



Rizal et al

Igrejas, G., & Poeta. (2020).
Escherichia coli as
commensal and pathogenic
bacteria among  food-
producing animals: Health
implications of extended
spectrum  B-lactamase
(ESBL)production. Animals,
2020; 10(12), 1-15.

Schwidder, M., Heinisch, L., &

Schmidt, (2019). Genetics,
toxicity, and distribution
of enterohemorrhagic
Escherichia  coli
hemolysin. Toxins,
502,1-13.

11(9).

Waititu, K. K., Ngetich, R., & Obiero.

J. A. (2022). Molecular

Characterisation of
Diarrhoeagenic  Escherichia
coli  Isolated from Captive
and Free- Ranging Olive

155

Jurnal Kajian Veteriner

Baboons (Papio
Faecal Samples.
Medical Journal.

anubis)
European

Walton JR, Smith DH. (1969). New

hemolysin (gamma)
produced by Escherichia
coli. Journal

Bacteriology.,98(1):304-5.

Wu, J., Zhou, Q., Qi, H., Lan, W.,

Yang, S., Yang, S., &
Zhang, A. (2024).
Antimicrobial resistance
spectrum and virulence
characterization of
Escherichia coli, Klebsiella
pneumoniae and  Proteus
mirabilis isolated from
asymptomatic and
diarrheal rhesus

monkeys. Microbiological
Research, 2024; 282,1-9.



