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Background
Escherichia fergusonii belongs to the family Entero-
bacteriaceae [1, 2], which are common conditionally 
pathogenic bacteria that infect humans and animals. E. 
fergusonii has recently been shown to be responsible for 
wound infections, urinary tract infections, bacteremia, 
diarrhea, and pleural infections. E. fergusonii has been 
reported to cause diarrhea in animals such as in horses 
[3], reindeer [4], and ostriches [5], as well as causing 
respiratory disease and septicemia in pigs and sheep [6, 
7]. However, few cases have been reported of E. ferguso-
nii causing skin abscesses in animals or humans.
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Abstract
Background Escherichia fergusonii is a common conditionally pathogenic bacterium that infects humans and 
animals. E. fergusonii has been reported to cause diarrhea, respiratory disease, and septicemia, but it is rarely reported 
to cause skin infections in animals. E. fergusonii has been isolated from the skin and muscular tissue of Chinese 
pangolin (Manis pentadactyla aurita). To date, there have been no reports of Chinese pangolins with clinical signs of 
skin diseases.

Case presentation This case report describes the clinical case of a subadult (bodyweight: 1.1 kg) female Chinese 
pangolin from wild rescue with pustules and subcutaneous suppurative infection due to E. fergusonii in the 
abdominal skin. Bacterial culture, Biochemical analysis, PCR and histopathology were utilized to identify the bacteria 
in the pustule puncture fluid and infected tissue. To the best of our knowledge, this is the first report of E. fergusonii-
related pustules on a Chinese pangolin.

Conclusion This case report presents the first observed skin infection in a Chinese pangolin. E. fergusonii infection 
should be considered as a possible differential diagnosis of pustules and subcutaneous suppurative skin conditions in 
Chinese pangolins, and we also provide several recommendations for the diagnosis and treatment of this disease.
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Here, we describe the first case of E. fergusonii infec-
tion in Chinese pangolin (Manis pentadactyla aurita).

Case Report
A subadult female Chinese pangolin (bodyweight: 1.1 kg) 
was found on the roadside and transported to Guang-
dong Wildlife Rescue Monitoring Center by local people. 
The pangolin was depressed, and the skin around her 
mouth and nares appeared pale and gray. The ventral 
skin from the mandible to the perineum was covered 
with pustules that ranged from 0.2 to 0.5  mm diameter 
(Fig.  1A). Moreover, there was skin ulceration on the 
right side of the abdominal genitalia, with subcutaneous 
suppurative infection, subcutaneous fat liquefaction, and 
necrosis.

Routine blood biochemical testing (Mindray, BC5000, 
automatic blood cell analyzer, ShenZhen, China) showed 
that the pangolin had a higher Phosphatase (PHOS) 
count and Mean Corpuscular Hemoglobin Concentra-
tion (MCHC) levels but lower amylase, Blood Urea Nitro-
gen (BUN), and Mean Corpuscular Volume (MCV) levels 
than those previously reported for Taiwanese pangolins 
(M. P. pentadactyla) (amylase: 62 U/L, reference interval 
[RI]: 148~538 U/L; BUN: 16  mg/dL, reference interval 

[RI]: 16.5~87 mg/dL; PHOS: 7.6 mg/dL, reference inter-
val [RI]: 4.1~7.3 mg/dL; MCV: 56.4 f L, reference interval 
[RI]: 58.5~83.59 f L; MCHC: 366  g/L, reference interval 
[RI]: 31.3~38.6 g/L)[8, 9]. These test results suggest that 
this pangolin might be dehydrated.

We used gas anesthesia to calm the pangolin for subse-
quent physical examination and treatment. The pangolin 
was manually restrained for mask induction with isoflu-
rane (100% isoflurane; ShangHai Yuyuan Instruments 
Co., Ltd., ShangHai, China) at a vaporizer setting of 4% 
in oxygen, delivered at 2  L/min through a Mapleson D 
nonrebreathing circuit until the animal’s muscle tone 
was relaxed (Superstar Medical Equipment, DM6A, Nan 
Jing, China) [10]. After induction, the animal was placed 
in sternal recumbency and maintained under anesthesia 
with 2% isoflurane delivered in oxygen at 2  L/min by a 
snug-fitting facemask.

The thermistor probe was placed approximately 3  cm 
into the rectum to measure the pangolin’s rectal tem-
perature (Mindray, uMEC12Vet, monitor, ShenZhen, 
China). The body temperature of the pangolin was 
33.0 ~ 33.8℃during anaesthesia (the physiologic rectal 
temperature: 32.2 ~ 35.2℃) [11, 12]. On preliminary gross 
examination, in the center of the left wound, there was a 
2  cm diameter scab (Fig.  2A). After removing the scab, 
there was a 2.5  cm diameter ulcer with inflammatory 
exudate on the skin of the left rear thigh and a 1 cm deep 
necrotic cavity below the scab, and filled with thick pasty 
yellow material (Fig. 2B). There were no additional mac-
roscopic lesions of note. The full-thickness sample from 
the tissue removed was collected, fixed in 10% neutral 
buffered formalin, embedded in paraffin wax, sectioned 
at 4  μm, and stained with hematoxylin and eosin, and 
Giemsa stain for histopathological examination.

Histopathological examination of the tissues confirmed 
the grossly observed changes as necrotic cell debris, sub-
cutaneous fat tissue with severe inflammatory infiltration 

Fig. 2 Clinical presentation of Chinese pangolin with subcutaneous abscesses in the course of treatmentcellulitis during treatment: 1st day (A); the 
removed necrotic connective tissue of 1st day (B); the wound was debrided, 1st day (C); wounds dehiscence with infection, 18th day (D); the wound was 
debrided secondly, 18th day (E); healed wound site, 58th day (F).

 

Fig. 1 Clinical presentation of a bacterial infection of a Chinese pangolin: 
(A) The abdomen is covered with pustules of the various sizes, day 1; (B) 
Pustules disappeared from abdominal skin, day 7.
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by neutrophilic granulocytes, and subcutaneous necrotic 
tissue containing numerous bacterial colonies. Severe 
multifocal areas of necrosis admixed with minimal hem-
orrhage in the subcutaneous tissue and infiltration of 
numerous inflammatory cells in the adipose tissue and 
connective tissue were observed (Fig.  3A-B), numerous 
bacterial colonies were aggregated in the necrotic tissues 
of the dermis and subcutaneous tissue (Fig. 3C-D).

Direct microscopic examination of the puncture fluid 
of the abscess and the pus of the wound showed no obvi-
ous parasites, such as vermiform mites. The Diff-quik 
staining of the pus by direct access showed a large num-
ber of rod-shaped bacterial cells (Fig. 4A). To identify the 

bacterial organisms, bacterial culture and PCR tests [13] 
were utilized to identify the bacteria in the lesions. Sub-
cutaneous pus was collected from the ruptured wound, 
and subcutaneous pus was also collected from the 
abdominal pustules and plated on blood agar plates for 
bacterial culture (All puncture fluid samples were drawn 
from ruptured wound and subcutaneous pus using a 1 cc 
sterile syringe and 22-gauge needle). Pale, translucent 
bacterial colonies grew on blood agar (Fig. 4B).

The culture bacteria was a rod-shaped, gram-negative, 
and generally motile (Fig. 4C). The 16 S rRNA sequence 
amplified from the isolated strain was 99.72% identical to 
that of E. fergusonii. The product of the sequence consists 

Fig. 4 (A) Diff-quik staining revealing rod-shaped bacteria in the suppurative exsudate (10×100). (B) pale, translucent bacterial colonies cultured on blood 
agar. (C) Gram stain: The cultured bacteria was a rod-shaped, gram-negative, and generally motile (10×100)

 

Fig. 3 Histologic section of removed wound tissue (Figue 3-A to C is hematoxilin and eosin): (A) subcutaneous fat tissue with severe inflammatory infiltra-
tion by neutrophilic granulocytes; (B) higher magnification of (A); (C) subcutaneous necrotic tissue containing numerous bacterial colonies; (D) bacterial 
colonies in subcutaneous necrotic tissue seen under Giemsa stain
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of 1409 base-pairs. Nucleotide sequences of PCR prod-
ucts were analysed using Standard Nucleotide BLAST® 
NCBI Genomic Reference Sequences (https://blast.
ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_
TYPE=BlastSearch&LINK_LOC=blasthome). To fur-
ther verify the cultured bacterial cells, we inoculated 
the bacterial cells into selective and differential media 
and biochemical analysis. Biochemical analysis of E. 
fergusonii-like isolates was carried out using the Bacte-
rial biochemical analysis tube (QingDao Hopebio Co., 
Ltd., QingDao, China). All biochemical tests confirmed 
the biochemical characteristics of E. fergusonii. They are 
positive for lysine decarboxylase and ornithine decar-
boxylase. They ferment adonitol, cellobiose, L-rhamnose, 
D-arabinitol, D-mannitol and D-xylose and ferment glu-
cose with gas production. They are negative for growth in 
Dulcitol Semisolid Agar, esculin hydrolysis, fermentation 
of lactose, D-sorbitol, and raffinose. The bacterium was 
identified as E. fergusonii by amplification of conserved 
genes with reference to the primers used for the identi-
fication of E. fergusonii by Lindsey et al. (2017) [13]. The 
details of the primers are shown in the supplementary 
materials (Tables S1–S2).

Forty antibiotics were chosen for testing (Oxoid, Bas-
ingstoke, UK): penicillin G, ampicillin, amoxicillin/cla-
vulanate, ticarcillin/clavulanate, oxacillin, amoxicillin, 
gentamicin, amikacin sulfate, streptomycin, doxycycline, 
tetracycline, azithromycin, erythromycin, chlorampheni-
col, clindamycin, enrofloxacin, marbofloxacin, cipro-
floxacin, norfloxacin, ofloxacin, nitrofurantoin, cefazolin, 
cefalexin, cefuroxime, cefoxitin, ceftiofur, cefotaxime, 
ceftriaxone, cefovecin, cefquinome, cefoperazone/sul-
bactam, sulfanilamide + trimethoprim, meropenem, 
imipenem, aztreonam, vancomycin, polymyxin B, rifam-
picin, lincomycin, and metronidazole. Results were inter-
preted in accordance with CLSI criteria. ATCC35469 was 
used as a control. The results of the drug resistance test 
showed that this strain is resistant to 38 antibiotics and 
only showed intermediately resistant to amikacin sulfate 
and imipenem sulfate. Details of the drugs used and the 
results of the drug sensitivity tests are given in the sup-
plementary material (Tables S3).

On the first day of treatment, simple cleaning and dis-
infection of the abdominal skin were performed to avoid 
pustule rupture and secondary infections. Debride-
ment and irrigation were performed on the wound, and 
a drainage tube was placed for drainage. F10 Germi-
cidal Barrier Ointment (Health and Hygiene (Pty) Ltd., 
Gauteng, South Africa) was wiped on the surface of the 
wound before skin closure with a 3 − 0 monofilament 
nylon suture (Fig.  2C). The pangolin was injected with 
antibiotics (amikacin sulfate 4.4  mg/kg) administered 
subcutaneously twice a day (Jilin Huamu Animal Health 
products Co., Ltd., Changchun, China), and butorphanol 

was used for postoperative analgesia (0.2 mg/kg, once per 
day) (Butormin, Holliday-Sott S.A., BA, Argentina), and 
the wound was wiped with F10 Germicidal Barrier Oint-
ment daily from 1st day to 7th day.

On the 7th day of treatment, most of the skin abscesses 
on the abdomen had disappeared from the pangolin 
(Fig. 1B). However, the suture line on the pangolin’s right 
side of the abdominal wound ruptured. After the pango-
lin was anesthetized again, the wounds were debrided 
and sutured. On the 18th day of treatment, we found 
that the suture line of the wound had ruptured again, and 
there was new subcutaneous hemorrhage and necrosis of 
the skin below the pangolin’s right side of the abdominal 
wound (Fig. 2D).

After the pangolin was anesthetized again, all wounds 
were debrided and sutured (Fig. 2E). On the 28th day of 
treatment, the suture line on both sides of the pangolin’s 
abdominal wound ruptured. The pangolin would scratch 
the wound, causing the stitches to open and the wound to 
tear, which we observed through the monitoring system 
in the nursing room. Drawing on our previous wildlife 
nursing experience, we decided to leave the wound open, 
and we transferred the animal to a wooden box (The box 
size: 60 × 50 × 50cm), which was small, dark, and breath-
able. The wooden box is spread with soft and absorbent 
towels. Amikacin sulfate (4.4  mg/kg) was administered 
subcutaneously twice a day from 28th day to 35th day. 
The wound was washed with chlorhexidine solution 
daily, wiped with sterile gauze, and then covered with 
Bletilla ointment; the bedding materials were replaced in 
a timely fashion to ensure environmental hygiene from 
28th day to 58th day.

At the same time, the feed formula of the pangolin 
was adjusted to provide termites as the main material, 
with the addition of other appropriate insects such as 
silkworm (Bombyx mori ) pupa, mealworms and earth-
worms, as well as complex vitamin B (10U/kg, once per 
day) (Guangdong Hengjian Pharmaceutical Co., Ltd., 
Guangzhou, China), vitamin A (3000IU, once per day) 
(Qingdao Shuangjing Pharmaceutical Co., Ltd., Qin-
gdao, China), vitamin E (100IU, once per day) (Qin-
gdao Shuangjing Pharmaceutical Co., Ltd., Qingdao, 
China), vitamin C (22 mg/kg, once per day) (Guangdong 
Hengjian Pharmaceutical Co., Ltd., Guangzhou, China) 
and zinc (10  mg/kg, once per day) (Shandong Yikang 
Pharmaceutical Co., Ltd. Tengzhou, China) during the 
whole treatment period (The amount of various vitamins 
added is similar to that used by small animals and known 
pangolins) [14–16]. On the 58th day of treatment, the 
wound was fully healed (Fig. 2F).

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
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Discussion and conclusions
At present, our understanding of pangolins’ biological 
characteristics and diseases is still limited [17]. The meth-
ods of body condition examination and disease diagnosis 
refer to the clinical diagnosis and treatment techniques 
developed for other small mammals. The case reports of 
diseases involving pangolins have only been reported in 
traumatic infection [18, 19], vitamin A deficiency [20], 
parasitic infection [21] and canine parvovirus [22, 23] 
infection. Here, we report the diagnosis and treatment of 
severe pustules on the skin of a Chinese pangolin infected 
with E. fergusonii. Our methodologies and results will be 
a great reference for wildlife veterinarians and rehabilita-
tors and will contribute to increasing the successful res-
cue of pangolins.

At present, it has been reported that the main patho-
genic bacteria isolated from pangolins are E. coli, Kleb-
siella pneumoniae, Proteus vulgaris, Streptococcus 
faecalis, and Staphylococcus sp. [24, 25]. The results of 
bacterial culture, and 16 S rDNA sequence amplification, 
and PCR test provided confirmatory evidence that the 
lesions in the skin of this pangolin were associated with 
E. fergusonii.

In 1985, E. fergusonii was proposed as a new species of 
the genus Escherichia in the family Enterobacteriaceae 
[1, 2]. E. fergusonii has been reported to cause diarrhea 
in animals such as horses [3], reindeer [4], and ostriches 
[5], as well as respiratory disease and septicemia in pigs 
and sheep [6, 7]. Reports of skin diseases caused by E. fer-
gusonii are rare in animals, but are described for human 
patients [1, 6, 26]. To our knowledge, this is the first 
reported case of skin pustules and abscesses in the Chi-
nese pangolin caused by E. fergusonii.

Multidrug-resistant E. fergusonii strains and Extended-
Spectrum β-Lactamases (ESBL)  producing isolates have 
been reported repeatedly in human patients [27–29]. 
E. fergusonii were shown to be resistant to many drugs, 
including ciprofloxacin, ceftriaxone, amoxicillin/clavu-
lanate, ampicillin, and polymyxin making susceptibil-
ity testing essential to guide therapy. Out of 40 different 
antibiotics the strain isolated from this pangolin was only 
sensitive to imipenem sulfate and amikacin sulfate. The 
latter was successfully used for treatment.

As the pangolin’s medical history is unknown, we con-
sidered the species’ predation habits, the onset season 
and the age and rescue site of the pangolin. These factors 
combined with the clinical manifestations of the pustular 
infection in the bare leaking skin of the abdomen suggest 
parasitic bites or ant bites, leading to secondary skin bac-
terial infection. Skin Mites infection has been reported 
to cause suppurative dermatitis on the skin of pango-
lins by Khatri-Chhetri et al., which also suggests that we 
should consider mites infection as one of top list differ-
ential diagnoses for such symptoms in pangolins [30, 31]. 

Although microscopic examination of the curetted skin 
revealed no parasites, it did not exclude the possibility 
of ant bites causing skin damage and subsequent infec-
tion by E. fergusonii, but it is difficult to investigate these 
pathogenic causes.

Based on the data from rescued Chinese pango-
lin trauma cases from zoos and wildlife rescue centers 
around the world [18, 19, 32], wound management not 
only requires intensive surgical debridement, topical 
treatment, and bandaging but also requires a reasonable 
nursing management for healing. Such as three traumatic 
cases of pangolin that had the modified Choukroun’s 
platelet-rich fibrin technique (MC-PRF) incorporated 
into the wound care plan in Taiwan [19]. This technique 
provides faster wound healing times than traditional 
wound management practices, and Platelet-rich plasma 
(PRP) might provide early protection against bacterial 
contamination, but detailed clinical trials are needed to 
evaluate the true efficacy of this protocol in pangolins, so 
we did not use of MC-PRF in this case. A series of Taiwan 
pangolins case reports from Taipei Zoo Rescue Center 
demonstrated that precise surgery and careful nursing 
shorten the time of wound healing, thereby reducing 
medical intervention times to increase the success rate 
[19].

In our study, it was observed that the activity frequency 
of injured pangolins is increased due to stress, such as 
wound pain and scratching itself, resulting in wound 
tearing after the first and second operations. There-
fore, a quiet, hygienic, and narrow space was provided 
to reduce the pangolin’s mobility and prevent additional 
wound tearing, which could cause a secondary infection. 
Pangolin wound management not only needs to make a 
reasonable plan for the wound but also needs to make 
appropriate adjustments of the diet. Proper addition of 
vitamin C and other vitamins to the feed could improve 
immunity, reduce the stress response, and speed up 
wound healing [20, 33]. Vitamin A deficiency has been 
reported to cause significant eye symptoms, anorexia, and 
leading to reduced resistance to bacteria in captive pan-
golins [20]. Low levels of vitamin E have been reported 
in chronic wound patients [34, 35]. Appropriate vitamin 
A and E supplements can improve the above symptoms, 
and increases the inflammatory response, angiogenesis, 
and reparative collagen synthesis in incisional wounds 
[34, 36]. Vitamin B complex and Zinc helps to promote 
cell proliferation, maintain healthy skin and muscle tone, 
support and increase metabolic rate [37, 38]. In addition, 
it has been reported that giving certain doses of meloxi-
cam to pangolins can relieve their anxiety caused by pain 
and alleviate inflammation [14]. Considering that this 
pangolin might be dehydrated, butorphanol was used 
for postoperative pain management to reduce the risk 
of nephrotoxicity [39, 40]. This case report describes the 
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first successful treatment of a Chinese pangolin with a 
suppurative skin infection caused by E. fergusonii. Mean-
while, E. fergusonii infestation should be considered as a 
possible differential diagnosis of pustules and subcutane-
ous suppurative skin conditions in Chinese pangolins. 
As an opportunistic pathogen, E. fergusonii has highly 
resistant to the antibiotics used in this case, and future 
research is needed to monitor the antimicrobial resis-
tance in wild rescue pangolins, which will help to estab-
lish strategies for prevention.

Abbreviations
E. fergusonii  Escherichia fergusonii
M. p. pentadactyla  Manis pentadactyla pentadactyla

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12917-023-03622-3.

Supplementary Material 1

Acknowledgements
We thank staff members and postgraduate students from Guangdong Wildlife 
Rescue Monitoring Center, and technicians from the Guangzhou Leader 
Animal Hospital for providing technical assistance, and the Guangdong 
Academy of Forestry for support throughout this study.

Author contributions
HY and AFY designed the experiment; FHH and ZJJ performed the clinical 
examination of the Chinese pangolin. Collection of samples was done by WSC 
and YHM. XXL, XJQ and SS carried out the rescue and care work of animal. 
AFY and WK performed the bacteriology investigations and the molecular. 
AFY interpreted the results. AFY wrote the manuscript. All authors read and 
approved the final manuscript.

Funding
The present study was jointly supported by the National Key Program of 
Research.
and Development, Ministry of Science and Technology (No. 2022YFF1301500) 
and Forestry Science and Technology Innovation of project in Guangdong 
Province (2022KJCX008).

Data availability
The 16 S nucleotide sequences of E. fergusonii generated in the present study 
have been deposited in GenBank database under the accession numbers 
NR_027549.1.

Declarations

Ethics approval and consent to participate
All the animal experiment and sample collection procedures were 
approved by the Guangdong Academy of Forestry (00202120 − 21/5/2021). 
Administration and received support and permission from the Guangdong 
Provincial Wildlife Rescue Monitoring Center (200021 − 1/6/2021).

Conflict of interest
The authors declare no conflict of interest.

Consent for publication
Not applicable.

Received: 12 March 2022 / Accepted: 19 April 2023

References
1. Farmer J 3rd, Fanning G, Davis B, O’hara C, Riddle C, Hickman-Brenner F, et al. 

Escherichia fergusonii and Enterobacter taylorae, two new species of Entero-
bacteriaceae isolated from clinical specimens. J Clin Microbiol. 1985;21(1):77–
81. https://doi.org/10.1128/jcm.21.1.77-81.1985.

2. Simmons K, Rempel H, Block G, Forgetta V, Vaillancourt R, Malouin F, et al. 
Duplex PCR methods for the molecular detection of Escherichia fergusonii 
isolates from broiler chickens. Appl Environ Microbiol. 2014;80(6):1941–8. 
https://doi.org/10.1128/AEM.04169-13.

3. Weiss ATA, Lübke-Becker A, Krenz M, van der Grinten E. Enteritis and septice-
mia in a horse associated with infection by Escherichia fergusonii. J Equi Vet 
Sci. 2011;31(7):361–4. https://doi.org/10.1016/j.jevs.2011.01.005.

4. Foster G, Evans J, Tryland M, Hollamby S, MacArthur I, Gordon E, et al. Use of 
citrate adonitol agar as a selective medium for the isolation of Escherichia fer-
gusonii from a captive reindeer herd. Vet Microbiol. 2010;144:484–6. https://
doi.org/10.1016/j.vetmic.2010.01.014.

5. Herráez P, Rodriguez F, De Espinosa A, Acosta B, et al. Fibrino-necrotic typhlitis 
caused by Escherichia fergusonii in ostriches (Struthio camelus). Avian Dis. 
2005;49(1):167–9. https://doi.org/10.1637/7221-061104r.

6. Wragg P, La Ragione R, Best A, Reichel R, Anjum M, Mafura M, et al. Characteri-
sation of Escherichia fergusonii isolates from farm animals using an Escherichia 
coli virulence gene array and tissue culture adherence assays. Res Vet Sci. 
2009;86(1):27–35. https://doi.org/10.1016/j.rvsc.2008.05.014.

7. Rayamajhi N, Cha SB, Shin SW, Jung BY, Lim SK, Yoo HS. Plasmid typing 
and resistance profiling of Escherichia fergusonii and other Enterobacte-
riaceae isolates from south korean farm animals. Appl Environ Microbiol. 
2011;77(9):3163–6. https://doi.org/10.1128/AEM.02188-10.

8. Chin SC, Lien CY, Chan Y, Chen CL, Yang YC, Yeh LY. Hematologic and serum 
biochemical parameters of apparently healthy rescued formosan pangolins 
(Manis pentadactyla pentadactyla). J Zoo Wildl Med. 2015;68–76. https://doi.
org/10.1638/2013-0104R4.1.

9. Khatri-Chhetri R, Sun CM, Wu HY, Pei KJ. Reference intervals for hematology, 
serum biochemistry, and basic clinical findings in free‐ranging chinese pan-
golin (Manis pentadactyla) from Taiwan. Vet Clin Pathol. 2015;44(3):380–90. 
https://doi.org/10.1111/vcp.12273.

10. Bailey RS, Aitken-Palmer C, Chinnadurai SK. Venous blood gas and selected 
biochemical values from awake and anesthetized white-bellied pango-
lins (Phataginus tricuspis). J Zoo Wildl Med. 2018;49(4):1025–8. https://doi.
org/10.1638/2018-0052.1.

11. Heath ME. Twenty-four-hour variations in activity, core temperature, meta-
bolic rate, and respiratory quotient in captive chinese pangolins. Zoo Biol. 
1987;6(1):1–10. https://doi.org/10.1002/zoo.1430060102.

12. Lin Yu Y, Wu S, Wang W, et al. Body temperatures of Manis pentadactyla and 
Manis javanica. Vet Med Sci. 2021;7(6):2399–403. https://doi.org/10.1002/
vms3.611.

13. Lindsey RL, Garcia-Toledo L, Fasulo D, et al. Multiplex polymerase chain reac-
tion for identification of Escherichia coli, Escherichia albertii and Escherichia 
fergusonii. J microbiol methods. 2017;140:1–4. https://doi.org/10.1016/j.
mimet.2017.06.005.

14. Challender DW, Nash HC, Waterman C. Pangolins: Science, Society and Conser-
vation. 1st ed. London UK: Academic Press; 2020.13. Carpenter JW, Marion CJ. 
Exotic animal formulary. 5th ed. St Louis (Mo): Elsevier; 2018.

15. Carpenter JW, Marion CJ. Exotic animal formulary. 5th ed. St Louis (Mo): 
Elsevier; 2018.

16. Plumb DC. Plumb’s Veterinary Drug Handbook. 6th ed. Ames Iowa: Blackwell 
Publ; 2008.

17. Hua L, Gong S, Wang F, Li W, et al. Captive breeding of pangolins: current 
status, problems and future prospects. ZooKeys. 2015;50799–114. https://doi.
org/10.3897/zookeys.507.6970.

18. Nguyen TV, Clark L, Tran PQ. Management Guidelines for Sunda pangolin 
(Manis javanica). 1st ed. Cuc Phuong National Park: Carnivore and Pangolin 
Conservation Program; 2010.

19. Ting-Yu Chen. Wound management with and without modified chouk-
roun’s platelet-rich fibrin in rescued formosan pangolins (manis penta-
dactyla pentadactyla). J Zoo Wildl Med. 2021;52(2):779–86. https://doi.
org/10.1638/2017-0252.

20. Zhang F, Min Y, Yu Y, Xu N, Wang W, Wu S. Vitamin A deficiency and its treat-
ment in captive Sunda pangolins. Vet Med Sci. 2021;7(2):554–8. https://doi.
org/10.1002/vms3.367.

21. Sist B, Basso W, Hemphill A, Cassidy T, Cassidy R, et al. Case report: intestinal 
perforation and secondary peritonitis due to Acanthocephala infection in a 

http://dx.doi.org/10.1186/s12917-023-03622-3
http://dx.doi.org/10.1186/s12917-023-03622-3
http://dx.doi.org/10.1128/jcm.21.1.77-81.1985
http://dx.doi.org/10.1128/AEM.04169-13
http://dx.doi.org/10.1016/j.jevs.2011.01.005
http://dx.doi.org/10.1016/j.vetmic.2010.01.014
http://dx.doi.org/10.1016/j.vetmic.2010.01.014
http://dx.doi.org/10.1637/7221-061104r
http://dx.doi.org/10.1016/j.rvsc.2008.05.014
http://dx.doi.org/10.1128/AEM.02188-10
http://dx.doi.org/10.1638/2013-0104R4.1
http://dx.doi.org/10.1638/2013-0104R4.1
http://dx.doi.org/10.1111/vcp.12273
http://dx.doi.org/10.1638/2018-0052.1
http://dx.doi.org/10.1638/2018-0052.1
http://dx.doi.org/10.1002/zoo.1430060102
http://dx.doi.org/10.1002/vms3.611
http://dx.doi.org/10.1002/vms3.611
http://dx.doi.org/10.1016/j.mimet.2017.06.005
http://dx.doi.org/10.1016/j.mimet.2017.06.005
http://dx.doi.org/10.3897/zookeys.507.6970
http://dx.doi.org/10.3897/zookeys.507.6970
http://dx.doi.org/10.1638/2017-0252
http://dx.doi.org/10.1638/2017-0252
http://dx.doi.org/10.1002/vms3.367
http://dx.doi.org/10.1002/vms3.367


Page 7 of 7An et al. BMC Veterinary Research           (2023) 19:69 

black-bellied pangolin (Phataginus tetradactyla). Parasitol Int. 2021;80:102182. 
https://doi.org/10.1016/j.parint.2020.102182.

22. Wang SL, Tu YC, Lee MS, Wu LH, Chen TY, Wu CH, et al. Fatal canine parvo-
virus-2 (CPV‐2) infection in a rescued free‐ranging taiwanese pangolin 
(Manis pentadactyla pentadactyla). Transbound Emerg Dis. 2019;67(3):1074–
81. https://doi.org/10.1111/tbed.13469.

23. Chang YC, Lin ZY, Lin YX, Lin KH, Chan FT, Hsiao ST, et al. Canine parvovirus 
infections in taiwanese pangolins (Manis pentadactyla pentadactyla). Vet 
Pathol. 2021;58(4):743–50. https://doi.org/10.1177/03009858211002198.

24. Mohapatra RK, Panda S. Husbandry, behaviour and conservation breeding of 
indian pangolin. Folia Zool. 2014;63(2):73–80. https://doi.org/10.25225/fozo.
v63.i2.a4.2014.

25. Heath ME, Vanderlip SL. Biology, husbandry, and veterinary care of captive 
chinese pangolins (Manis pentadactyla). Zoo Biol. 1988;7(4):293–312. https://
doi.org/10.1002/zoo.1430070402.

26. Brenner DJ, McWhorter AC, Knutson JK, Steigerwalt S AG. 1982;15(6):1133–
1140. https://doi.org/10.1128/jcm.15.6.1133-1140.1982.25. Lagacé-Wiens PR, 
Baudry PJ, Pang P, Hammond G. First description of an extended-spectrum-
β-lactamase-producing multidrug-resistant Escherichia fergusonii strain in 
a patient with cystitis. J Clin Microbiol. 2010;48(6):2301–2302. https://doi.
org/10.1128/JCM.00364-10.

27. Lagacé-Wiens PR, Baudry PJ, Pang P, Hammond G. First description of an 
extended-spectrum-β-lactamase-producing multidrug-resistant Escherichia 
fergusonii strain in a patient with cystitis. J Clin Microbiol. 2010;48(6):2301–2. 
https://doi.org/10.1128/JCM.00364-10.

28. Lai CC, Cheng A, Huang YT, Chung KP, Lee MR, Liao CH, Hsueh PR. Escherichia 
fergusonii bacteremia in a diabetic patient with pancreatic cancer. J Clin 
Microbiol. 2011;49(11):4001–2. https://doi.org/10.1128/JCM.05355-11.

29. Forgetta V, Rempel H, Malouin F, Vaillancourt E Jr, Dewar K, et al. Pathogenic 
and multidrug-resistant Escherichia fergusonii from broiler chicken. Poult Sci. 
2012;91(2):512–25. https://doi.org/10.3382/ps.2011-01738.

30. Khatri-Chhetri R, Wang HC, Chen CC, Shih HC, Liao HC, Sun CM, et al. Surveil-
lance of ticks and associated pathogens in free-ranging formosan pangolins 
(Manis pentadactyla pentadactyla). Ticks Tick Borne Dis. 2016;7(6):1238–44. 
https://doi.org/10.1016/j.ttbdis.2016.07.007.

31. Khatri-Chhetri R, Chang TC, Khatri-Chhetri N, Huang YL, Pei KJ, Wu HY. A retro-
spective study of pathological findings in endangered taiwanese pangolins 

(Manis Pentadactyla Pentadactyla) from Southeastern Taiwan. Taiwan Vet J. 
2017;43(1):55–64. https://doi.org/10.1142/S1682648515500316.

32. Sharma AK, Nayakwadi S, Chandratre GA, Saini M, Das A, Raut SS, et al. 
Prevalence of pathological conditions in zoo/wild animals in India: a retro-
spective study based on necropsy. Proc Natl Acad Sci India Sect B Biol Sci. 
2014;84(4):937–46. https://doi.org/10.1007/s40011-014-0308-9.

33. Mohammed BM, Fisher BJ, Kraskauskas D, Ward S, Wayne JS, Brophy DF, et al. 
Vitamin C promotes wound healing through novel pleiotropic mechanisms. 
Int Wound J. 2015;13(4):572–84. https://doi.org/10.1111/iwj.12484.

34. Brown KL, Phillips TJ. Nutrition and wound healing. Clin Dermatol. 
2010;28(4):432–9. https://doi.org/10.1016/j.clindermatol.2010.03.028.

35. Shukla A, Rasik AM, Pataik GK. Depletion of reduced glutathione, 
ascorbic acid, vitamin E and antioxidant defense enzymes in a heal-
ing cutaneous wound. Free Radic Res. 1997;26:93–101. https://doi.
org/10.3109/10715769709097788.

36. Polcz EM, Barbul A. The role of vitamin A in wound healing. Nutr Clin Pract. 
2019;34(5):695–700. https://doi.org/10.1002/ncp.10376.

37. Ogawa Y, Kawamura T, Shimada S. Zinc and skin biology. Arch Biochem 
Biophys. 2016;611:113–9. https://doi.org/10.1016/j.abb.2016.06.003.

38. Rembe JD, Fromm-Dornieden C, Stuermer EK. Effects of vitamin B complex 
and vitamin C on human skin cells: is the perceived effect measurable? 
Adv Ski wound care. 2018;31(5):225–33. https://doi.org/10.1097/01.
ASW.0000531351.85866.d9.

39. Carpenter JW, Pollock CG, Koch DE, et al. Single and multiple-dose 
pharmacokinetics of meloxicam after oral administration to the rabbit 
(Oryctolagus cuniculus). J Zoo and Wildl Med. 2009;40(4):601–6. https://doi.
org/10.1638/2007-0115.1.

40. Noble S, Balfour JA, Meloxicam. Drugs. 1996;51(3):424–32. https://doi.
org/10.2165/00003495-199651030-00007.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1016/j.parint.2020.102182
http://dx.doi.org/10.1111/tbed.13469
http://dx.doi.org/10.1177/03009858211002198
http://dx.doi.org/10.25225/fozo.v63.i2.a4.2014
http://dx.doi.org/10.25225/fozo.v63.i2.a4.2014
http://dx.doi.org/10.1002/zoo.1430070402
http://dx.doi.org/10.1002/zoo.1430070402
http://dx.doi.org/10.1128/jcm.15.6.1133-1140.1982.25
http://dx.doi.org/10.1128/JCM.00364-10
http://dx.doi.org/10.1128/JCM.05355-11
http://dx.doi.org/10.3382/ps.2011-01738
http://dx.doi.org/10.1016/j.ttbdis.2016.07.007
http://dx.doi.org/10.1142/S1682648515500316
http://dx.doi.org/10.1007/s40011-014-0308-9
http://dx.doi.org/10.1111/iwj.12484
http://dx.doi.org/10.1016/j.clindermatol.2010.03.028
http://dx.doi.org/10.3109/10715769709097788
http://dx.doi.org/10.3109/10715769709097788
http://dx.doi.org/10.1002/ncp.10376
http://dx.doi.org/10.1016/j.abb.2016.06.003
http://dx.doi.org/10.1097/01.ASW.0000531351.85866.d9
http://dx.doi.org/10.1097/01.ASW.0000531351.85866.d9
http://dx.doi.org/10.1638/2007-0115.1
http://dx.doi.org/10.1638/2007-0115.1
http://dx.doi.org/10.2165/00003495-199651030-00007
http://dx.doi.org/10.2165/00003495-199651030-00007

	First case report of pustules associated with Escherichia fergusonii in the chinese pangolin (Manis pentadactyla aurita)
	Abstract
	Background
	Case Report
	Discussion and conclusions
	References


