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Abstract 
Neonatal calf diarrhoea (NCD) is a major problem faced by the livestock farmers world-wide and calves 

below one month of age are especially prone to this condition. The condition can be caused by infectious 

agents such as bacteria, viruses and protozoa. A study was conducted to phylogroup Escherichia coli 

isolates obtained from cases of NCD and to detect the presence of fimbrial genes in them. For this, a total 

of 120 faecal samples were collected from diarrhoeic calves below 3 months of age. E. coli was isolated 

from 101 (84.17%) samples. The isolates were phylogrouped on the basis of results of quadruplex 

polymerase chain reaction (PCR). All the phylogroups except B2 were detected during the analysis. The 

maximum number of E. coli isolates (27.72%) belonged to the B1 phylogroup which normally contained 

strains of low virulence. Isolates belonging to Group A (18.81%), Group C (4.95%), Group D(14.85%), 

Group E(11.88%), Group F(0.9%) and Clade I (0.9%) were also obtained. When the presence of fimbrial 

genes F5/F41/F17 was tested by PCR, it was observed that 10 out of 62 isolates (16.13%) were positive 

for F17 gene. None of the samples were positive for F5 or F41 genes. All the isolates in which F17 genes 

were detected were from animals above one week of age. The results of the study give valuable 

information about the type of E. coli and fimbria associated with NCD. 

 

Keywords: Escherichia coli, neonatal calf diarrhoea, phylogroup, F17 fimbria 

 

Introduction 

Diarrhoea caused by Escherichia coli is the cause of huge economic losses for farmers. 

Neonates are mostly affected and calves are no exception. Pathogenic E. coli can be divided 

into six pathogroups based on virulence traits and symptoms they cause in the host: 

enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), Shiga toxin-producing E. 

coli (STEC), enterohemorrhagic E. coli (EHEC), enteroaggressive E. coli (EAEC), and EIEC 

enteroinvasive E. coli (Kaper et al., 2004) [15]. ETEC is the cause of most cases of newborn 

diarrhoea (Nataro and Kaper, 1998; Osman et al., 2012) [18, 20]. ETEC use their enterotoxins 

and fimbrial adhesins to infect the host animal. Fimbrial adhesions are extracellular proteins 

that aid in the attachment of bacteria to the small intestinal epithelial cells. The two types of 

toxins it creates after attachment are heat labile (LT) and heat stable (STa and STb) toxins. 

These toxins induce the intestinal epithelial cells to discharge fluids and electrolytes, which 

ultimately results in diarrhoea (Mercado et al., 2003) [17]. ETEC primarily produces the 

fimbrial adhesions F4 (K88), F5 (K99), F6 (987P), F42, F41, F165, F18, and F17 (Deb Roy 

and Maddox, 2001) [9]. Among these F5 were mostly found in diarrhoeal calves, along with 

F41 and F17. Various types of fimbriae appear to be connected with ETEC induced diarrhoea 

at various ages (Vu-Khac et al., 2004) [29]. F5 and F41 are primarily found in neonatal calves 

that are around a week old, and as the calves’ age, their chance of being found declines. F17 is 

found in animals that have septicemia or diarrhoea and its prevalence is more in older calves 

(Ryu et al., 2020) [23]. It has a stronger relationship with the invasion of E. coli inside the 

intestinal villi of calves than F5 and F41. The heterogenicity of F17 fimbriae is determined by 

receptor specificities. Based on antigenic specificities it can be classified into several subtypes 

such as F17a, F17b, F17c and F17d (Van Bost et al., 2001) [28]. 

Organisms can be grouped into different phylogroups based on differences in their phenotypic 

and genotypic features, ecological niche, life history and susceptibility to transmit disease 

(Tenaillon et al., 2010; Alm et al., 2011) [27, 2]. The source from which the E. coli isolates are 

obtained is important in the phylogrouping process since there is a close relationship between 
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the phylogroups and the source. Although multilocus 

sequence typing (MLST) is helpful for classifying E. coli, it 

was difficult to divide E. coli into phylogroups using this data. 

Therefore, based on the genes chuA and yjaA and a DNA 

fragment TspE4.C2, Clermont et al. (2000) [6] devised a 

triplex PCR method to categorise E. coli into distinct 

phylogroups A, B1, B2, or D. Later, by including the gene 

arpA, responsible for group E and making use of the MLST 

information, a quadruplex PCR, was developed by Clermont 

et al. (2013) [7] that divided the bacteria into seven groups A, 

B1, B2, D, C, E, F, and clade I. The present study was carried 

out to identify the phylogroups and fimbrial genes of E. coli 

associated with neonatal calf diarrhoea in Kerala.  

 

Materials and Methods 

Collection of samples 

Diarrhoeic faecal samples were collected from 120 calves of 

less than three months of age during the period from October 

2019 to September 2022. The samples were collected from 

calves reared in different farms located in Thrissur and 

Wayanad districts in Kerala. Rectal swabs or freshly voided 

faecal samples were collected and transported on ice to the 

Department of Veterinary Microbiology at the College of 

Veterinary and Animal Sciences, Mannuthy (in Thrissur 

district) or Pookode (in Wayanad district) and inoculated on 

suitable culture media for the isolation of E. coli. 

 

Isolation and identification of E. coli 

All samples were initially inoculated on Brain Heart Infusion 

Agar (BHIA) and incubated aerobically at 37 ℃ overnight. 

Suspected colonies were stained by Gram’s method and 

colonies of Gram negative bacilli were further inoculated on 

MacConkey (MAC) agar and Eosin methylene blue (EMB) 

agar. Lactose fermenting pink colonies with green metallic 

sheen were further confirmed as E. coli by stand biochemical 

tests as described by Quinn et al. (1994) [22]. After 

confirmation, these colonies were inoculated on nutrient agar 

slants and stored at 4 ℃ for molecular analysis. 

 

Phylogrouping of E. coli 

The DNA of E. coli was extracted from cultures using phenol-

chloroform method as described by Sambrook and Russell 

(2001) and used as the template for the polymerase chain 

reaction (PCR). Phylogrouping was done as per the 

quadruplex PCR phylogrouping method developed by 

Clermont et al. (2013) [7] with slight modifications Table 1. It 

is a two-step procedure, on which an initial quadruplex PCR 

was conducted and based on the results of these a second PCR 

was conducted to differentiate group C and/or group E. The 

primers are given in Table 2. 
 

Table 1: Quadruplex genotypes and steps required for assigning E. coli isolates to phylogroups (Clermont et al. 2013) [7] 
 

Quadruplex genotyping 

Phylogroup Next step arpA 

(400bp) 

chuA 

(288bp) 

yjaA 

(211bp) 

TspE4.C2 

(152bp) 

+ - - - A  

+ - - + B1  

- + - - F  

- + + - B2  

- + + + B2  

- + - + B2  

+ - + - A/C Screen using C-specific primers. If C+ then C, else A 

+ + - - D/E Screen using E-specific primers. If E+ then E, else D 

+ + - + D/E Screen using E-specific primers. If E+ then E, else D 

+ + + - E/clade I Screen using E-specific primers. If E- then clade I, confirm using cryptic clade primers 

- - + - Clade I or II Confirm using cryptic clade primers 

- (476 bp) - - Clade III, IV or V Confirm using cryptic clade primers 

- - - + Unknown Perform MLST 

- - + + Unknown Perform MLST 

+ - + + Unknown Perform MLST 

+ + + + Unknown Perform MLST 

- - - - Unknown 
Confirm Escherichia identification using uidA orgadA/B, if positive screen using 

cryptic clade primers and/or perform MLST 

 

Table 2: Details of primers used for phylogrouping of E. coli 
 

PCR reaction Primer name Primer sequences (5’- 3’direction) Target gene Product size (bp) 

Quadruplex 

chuA.1b ATGGTACCGGACGAACCAAC 
chuA 288 

chuA.2 TGCCGCCAGTACCAAAGACA 

yjaA.1b CAAACGTGAAGTGTCAGGAG 
yjaA 211 

yjaA.2b AATGCGTTCCTCAACCTGTG 

TspE4C2.1b CACTATTCGTAAGGTCATCC 
TspE4.C2 152 

TspE4C2.2b AGTTTATCGCTGCGGGTCGC 

AceK.f AACGCTATTCGCCAGCTTGC 
arpA 400 

ArpA1.r TCTCCCCATACCGTACGCTA 

Group E 
ArpAgpE.f GATTCCATCTTGTCAAAATATGCC 

arpA 301 
ArpAgpE.r GAAAAGAAAAAGAATTCCCAAGAG 

Group C 
trpAgpC1 AGTTTTATGCCCAGTGCGAG 

trpA 219 
trpAgpC2 TCTGCGCCGGTCACGCCC 

Internal control 
trpBA.f CGGCGATAAAGACATCTTCAC 

trpA 489 
trpBA.r GCAACGCGGCCTGGCGGAAG 
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Detection of fimbrial genes 

The isolates that were characterized as belonging to the 

virulent phylogroup (n=62; other than a and the unknown 

phylogroups) were further used for the detection of fimbrial 

genes F5, F41 and F17 by PCR (Table 3). 

 
Table 3: Details of primers used for detection of fimbrial genes 

 

Sl. No. Primer name Primer sequences (5’- 3’direction) Target gene Product size Reference 

1. 
F5-F TAT TAT CTTGGTGG TAT GG 

F5 314 Franck et al., 1998 [10] 
F5-R GGT ATC CTT TAG CAG CAG TAT TTC 

2. 
F41-F GCATCAGCGGCAGTATCT 

F41 380 Shams et al., 2010 [25] 
F41-R GTCCCTAGCTCAGTATTATCACCT 

3. 
F17-F GGGCTGACAGAGGAGGTGGGGC 

F17 411 Nguyen et al., 2011 [19] 
F17-R CCCGGCGACAACTTCATCACCGG 

 

Results 

Prevalence of E. coli 

Of the 120 diarrhoeic samples tested, 101 (84.17per cent) 

were found to be positive for E. coli. Of these samples, 96 

were collected from animals below 30 days of age.  

 

Phylogrouping of E. coli isolates 

All E. coli phylogroups, with the exception of B2, were 

detected in the samples tested. Twenty eight isolates belonged 

to group B1, 15 under group D, 12 under Group E and 5 

under Group C. One isolate each belonged to group F and 

Clade I. Nineteen isolates were grouped as commensals 

(Group A), while 20 samples were classified as unknown (U) 

(Table 4). 

 

Detection of fimbrial genes 

The presence of F17 gene was detected in ten isolates. Of the 

10 isolates, five belonged to the B1 phylogroup, three 

belonged to group C and one each belonged to groups D and 

E. None of the isolates tested were positive for the fimbrial 

genes F5 or F41 by PCR (Table 4). All the animals from F17 

gene positive isolates were obtained were collected from 

animals above 1week of age. 

 
Table 4: Results of phylogrouping of E. coli isolates and detection of fimbrial genes 

 

Sl. No. 
Sample 

No. 
Age 

Result of quadruplex PCR 
Quadruplex 

up 

Group C 

(219bp) 

Group E 

(301bp) 
Phylogroup 

Fimbrial gene 

detected 
arpA 

(400bp) 

chuA 

(288bp) 

yjaA 

(211bp) 

TspE4.C2 

(152bp) 

1. 1 2 months + - + + U   U  

2. 5 3 months + + - + D/E   D  

3. 6 45 days + - - + B1   B1  

4. 7 3 weeks + - + + U   U  

5. 9 10 days + - + + U   U  

6. 10 5 days + - + + U   U  

7. 11 3 days + - + + U   U  

8. 12 23 days + - + - A/C +  C F17 

9. 13 1 week + - + + U   U  

10. 14 5 days + + - + D/E   D  

11. 15 3 days + - + + U   U  

12. 16 5 days + + - + D/E  + E  

13. 17 10 days + + + + U   U  

14. 18 1 month + - - + B1   B1  

15. 19 3 months + + - + D/E   D  

16. 20 20 days + + - + D/E   D  

17. 21 37 days + + - - D/E   D  

18. 22 45 days + + + + U   U  

19. 23 1 month + + - + D/E  + E  

20. 25 45 days + + - + D/E   D  

21. 26 45 days + + - + D/E   D  

22. 28 45 days + + - + D/E   D  

23. 29 45 days + + - - D/E  + E  

24. 31 1 week + - + - A/C   A  

25. 32 14 days + - + - A/C   A  

26. 34 10 days + - + - A/C   A  

27. 35 20 days + - + - A/C +  C F17 

28. 36 14 days + - - + B1   B1  

29. 37 25 days + + - + D/E   D  

30 38 17 days + - + - A/C +  C  

31. 39 3 days - + - - F   F  

32. 40 4 days + - - + B1   B1  

33. 41 14 days + - - - A/C   A  

34. 42 14 days + + - + D/E   D  

35. 43 3 days + + + - E/clade I  + E  
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36. 44 1 month + - - + B1   B1  

37. 49 7 days + - - - A   A  

38. 50 22 days + - - + B1   B1  

39. 51 10 days + - - + B1   B1  

40. 52 5 days + + + + U   U  

41. 53 12 days + + + + U   U  

42. 54 15 days + - - - A   A  

43. 55 20 days + - - - A   A  

44. 56 1 month + - + - A/C   A  

45. 57 22 days + - - + B1   B1  

46. 58 10 days + - + - A/C   A  

47. 59 15 days + - - + B1   B1  

48. 60 24 days + - + - A/C   A  

49. 61 1 month + + + + U   U  

50. 62 12 days + + + - E/clade1  + E  

51. 63 10 days + + + + U   U  

52. 64 17 days + - - + B1   B1  

53. 65 20 days + + + - E/clade I  Clade I Clade I  

54. 66 1 month + + + + U   U  

55. 67 1 month + - - + B1   B1  

56. 68 20 days + - - + B1   B1  

57. 69 35 days + - - + B1   B1  

58. 70 27 days + - - + B1   B1  

59. 71 32 days + - - + B1   B1  

60. 72 40 days + + - + D/E   D  

61. 73 25 days + + + + U   U  

62. 74 14 days + + - + D/E   D  

63. 75 20 days + + - - D/E   D F17 

64. 76 7 days + + - - D/E   D  

65. 77 15 days + - + - A/C +  C F17 

66. 78 1 month + - - + B1   B1  

67. 79 45 days + + - - D/E   D  

68. 80 36 days + + + + U   U  

69. 81 30 days + + + + U   U  

70. 82 44 days + + + + U   U  

71. 83 45 days + + + + U   U  

72. 84 46 days + + - + D/E  + E  

73. 85 32 days + - + - A/C   A  

74. 86 45 days + - - + B1   B1 F17 

75. 87 1 month + - - + B1   B1 F17 

76. 88 33 days + + + + U   U  

77. 91 10 days + - + - A/C   A  

78. 92 3 months + - + - A/C   A  

79. 93 75 days + - - - A   A  

80. 94 14 days + + - - D/E  + E  

81. 95 22 days + + - - D/E  + E  

82. 96 16 days + + - - D/E  + E  

83. 97 1 month + - - + B1   B1 F17 

84. 98 24 days + - - + B1   B1  

85. 99 15 days + - - - A   A  

86. 101 5 days + + - - D/E  + E  

87. 102 12 days + + - - D/E  + E F17 

88. 104 23 days + - - + B1   B1  

89. 105 3 days + - + - A/C +  C  

90. 106 16 days + - - + B1   B1  

91. 109 14 days + - - + B1   B1 F17 

92. 110 17 days + + - - D/E  + E  

93. 111 6 days + - - - A   A  

94. 112 12 days + - - + B1   B1  

95. 113 20 days + - - + B1   B1  

96. 114 10 days + - - + B1   B1  

97. 116 1 month + - - - A   A  

98. 117 16 days + - - + B1   B1 F17 

99. 118 20 days + - - - A   A  

100. 119 7 days + - - + B1   B1  

101. 120 17 days + - - - A   A  

 

https://www.thepharmajournal.com/


 
 

~ 1275 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Discussion 

Newborn calves are susceptible to a number of disease 

conditions. Around 50 per cent of neonatal calf mortality is 

caused by diarrhoea. Calves are more susceptible to diarrhoea 

during the first month of life due to their immature immune 

system, lack of specific antibodies, stress caused by weaning, 

and laxity in colostrum feeding. Bacteria are the main disease-

causing agents, though parasitic and viral agents are also 

implicated. Diarrhea has become a serious problem even with 

improved treatment strategies. In order to lower the incidence 

rate of diarrhoea, substantial research has to be carried out in 

this area (Hemashenpagam et al., 2009; Wu et al., 2010; 

Pereira et al., 2011; Abdullah et al., 2013) [12, 31, 21, 1]. 

Most of the studies conducted earlier have shown that E. coli 

was the major bacterial cause of diarrhoea. In the present 

study, 84.17 per cent of the diarrhoeic samples examined 

yielded E. coli isolates. A similar prevalence rate (88.57 per 

cent) was reported by Begum et al. (2014) [4] from Assam. 

However, Srivani et al. (2017) [26] reported a lower prevalence 

(4.51 per cent) of E. coli in diarrhoeic calves in the states of 

Andhra Pradesh and Telangana. Variations in the prevalence 

rates of E. coli in diarrhoeal calves may be caused by 

geographic variables, different management practices and 

hygienic measures that affect the susceptibility of calves to 

infection (Cho and Yoon, 2014) [5]. Also, the infection may be 

caused by protozoal or viral agents. 

Among the pathotypes of E. coli that cause diarrhea in calves, 

the ETEC strains are the most important ones and strains 

expressing F5 and/or F41 and producing STa toxin are the 

most common. However, strains with F17 fimbriae have also 

been isolated. In a study conducted on calf diarrhoea, Wieler 

et al. (1992) [30] detected 19.3 per cent isolates with F17 

fimbriae. In their study they could observe that 31.3 per cent 

of the isolates carried genes for one of the fimbriae tested (F5, 

F17 and F41). Van Bost et al. (2001) [28] reported that 55 (16 

per cent) of 345 E. coli isolates from diseased calves carried 

genes for F17 fimbriae. In the present study, ten out of the 

62(16.13 per cent) E. coli isolates carried genes for F17, while 

none of them had genes for F5/F41. This may be due to the 

variation in the colonization of intestinal epithelial cells by 

ETEC and F5 are primarily detected in calves of 1-7 days of 

age. Of the 120 samples collected, only 18 samples come 

under below 7 days in this study and this may be the reason 

why F5/F41 were not detected. The F17 fimbrial gene was 

detected in E. coli isolated from calves above 7 days of age. 

The detected of F17 fimbrial gene in older calves has been 

reported previously (Ryu et al., 2020) [23]. Previous research 

on F17 demonstrated that it could be found in both humans 

and calves. There is therefore a possibility of cross-infection 

which highlights the need for proper management practices of 

the calves and handling of their manure. It has been 

demonstrated that spreading fresh or slurry manure over a 

surface can spread pathogenic E. coli to neighbouring food 

crops and surface water, infecting nearby humans (Meng and 

Schroeder, 2007) [16]. 

According to Clermont et al. (2011), phylogroups A/B1/E are 

the main cause of intestinal infections, while phylogroup C, 

which is closely connected to phylogroup B1. Phylogroups A 

and B1 strains were less virulent than those from phylogroups 

B2 and D (Johnson et al., 2001; Bashir et al., 2012) [14, 3]. In 

the phylogrouping scheme of E. coli, commensals are 

categorised in group A, while extra intestinal E. coli are 

categorised in groups B2 and D. They were found to be more 

virulent than the other phylogroups. B1 strains were found to 

be less virulent and intra-intestinal. Group F was found to be 

sub group within the D group (Bashir et al., 2012; Coura et 

al., 2019) [3, 8]. Group A strains are more prevalent in humans 

(40.5 per cent) than B2 strains (25.5 per cent), whereas B1 

and D strains (17 per cent each) are less frequently 

encountered. A majority of B1 strains (41 per cent) 

predominate in animals, followed by A (22 per cent), B2 (21 

per cent) and, to a lesser extent, D (16 per cent) (Jaureguy et 

al., 2008; Tenaillon et al., 2010) [13, 27]. In the present study, 

B1 strains were found to be the most prevalent in (27.72 per 

cent) followed by group A (18.81 per cent) and group D 

strains (14.85 per cent). This is in concurrence with the results 

obtained by Bashir et al. (2012) [3] and Coura et al. (2019) [8] 

where the most predominant group detected was B1. 

E. coli strains that cannot be assigned to a phylogroup may 

also exist because of the phylogroup's extremely low 

frequency, the result of extensive recombination involving 

two different phylogroups, or the highly variable genome 

content of E. coli brought on by gene gain and loss. Using the 

MLST data, this can be marked as unknown and identified as 

E. coli Clermont et al. (2013) [7]. Quadruplex PCR and the 

MLST data can indicate an 80-95 per cent similarity with 

phylogrouping. Therefore the quadruplex phylogrouping may 

be beneficial for the study of genetic diversity of E. coli 

(Gordon et al., 2008) [11]. 

Neonatal calf diarrhoea is one of the most important 

conditions seen in calves. In the present study, E. coli was 

isolated from cases of NCD. When the isolated bacteria were 

phylogrouped and it was seen that the majority of the isolates 

were of the B1 phylogroup which are regarded to be of low 

virulence. However, isolates belonging to phylogroup D, that 

contains virulent strains, were also detected but to a lesser 

extent. Among the fimbrial genes F5, F17 and F41, only F17 

was detected in calves older than 1 week. The results of the 

study give valuable insight into the type of E. coli, and 

fimbria associated with NCD. 
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