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Abstract 35 

Background: Little is known about the use of antibiotics and the extent of AAD in 36 

spinal cord injury (SCI) patients.  37 

Aims: Our aim was to (1)record the use of antibiotics; (2)establish the prevalence of 38 

AAD and Clostridium difficile infection (CDI) and; (3)assess if there was any 39 

seasonal variation in antibiotic use and incidence of AAD. 40 

Methods: A retrospective study was conducted in six European SCI centres during 41 

October 2014 to June 2015. We define AAD as 2 or more watery stools type 5, 6 or 7 42 

(Bristol stool scale) over 24-hours. 43 

Findings: One-thousand-two-hundred-and-sixty-seven adults (median age: 54 years, 44 

30.7% female) with SCI (52.7% tetraplegia; 59% complete SCI) were included. Of 45 

215 (17%) patients on antibiotics, the top three indications for antibiotics were 46 

urinary-tract infections, infected pressure ulcers and other skin-infections. Thirty-two 47 

of 215 (14.9%) developed AAD and two of 1267 (0.16%) developed CDI. AAD was 48 

more common in summer season than in spring, autumn and winter. 49 

(30.3%,3.8%,7.4%,16.9%, p<0.01). AAD was associated with adults age above 65-50 

years, tetraplegia, higher body-mass-index, hypoalbuminaemia, polypharmacy, 51 

multiple antibiotic users and high-risk antibiotic use. The summer and winter season 52 

and male gender were identified as independent predictors for AAD.  53 

Conclusion: This study found AAD is common in SCI patients and UTI is the most 54 

common cause of infection. Summer and winter seasons and male gender were unique 55 

predictor for AAD. Both AAD and UTI are potentially preventable, thus further work 56 

should focus on preventing the over-use of antibiotics and strategies in improving 57 

hospital infection control measures.  58 

 59 

 60 

 61 

Keywords: spinal cord injury centres; survey; Clostridium difficile infection;   62 

 63 

 64 

 65 

 66 

 67 

 68 



3 

Introduction 69 

Antibiotic associated diarrhoea (AAD) is a common complication of antibiotic 70 

treatment. The disturbance of normal gut microbiota, especially after antibiotic use, is 71 

thought to predispose patients to pathogenic bacterial colonisation
1,2

  Of bacterial 72 

causes, it is reported that three predominantly opportunistic pathogens including 73 

Clostridium difficile (C. diff), Staphylococcus aureus and Clostridium perfringens are  74 

associated with AAD
3
. AAD is described as unexplained diarrhoea that occurs in 75 

association with antibiotic administration.
3
 Diarrhoea is thought to be clinically 76 

significant if there are more than 3 loose stools per day
4,5

 although a recent survey in 77 

SCI centres found the definition of diarrhoea and diagnostic criteria of C. diff 78 

infection (CDI) vary among spinal cord injury (SCI) centres.
6
 In addition, diarrhoea 79 

after SCI is often complicated by spurious diarrhoea due to underlying constipation.80 

  81 

AAD occurs in about 5-25% of adult patients upon administration of 82 

antibiotics.
4
 CDI occurs most often as a consequence of disruption of the gut 83 

microbiota following broad spectrum antibiotics. CDI accounts for 20-30% of AAD, 84 

although some estimates are more conservative.
3,7

 In the majority of patients, full 85 

recovery is usual, although particularly older and frail patients may suffer loss of 86 

dignity, become seriously ill with dehydration as a consequence of the diarrhoea, and 87 

may progress to develop life threatening pseudomembranous colitis.  88 

 89 

Exposure to antibiotics within the previous three months is thought to be one 90 

of the most important risk factors for developing CDI. Literature reported  risk factors 91 

include age
9,8,10

, recurrent antibiotic use
8,10

, hospitalisation
9
, severity of underlying 92 

illness
9
, use of proton pump inhibitors (PPI)

9,10,11
and malnutrition 

12,13
 Seasonal 93 

variation
12,14,15

 of CDI has been noted, however, this may not be a characteristic that 94 

is shared among all patient groups.
16

 SCI patients are at higher risk of hospital 95 

acquired infections because of longer hospital stay for acute and rehabilitation stay.
16

 96 

Newly-injured SCI patients require anticoagulation therapy to prevent venous 97 

thromboembolism. This increases the risk of gastric ulcers, therefore patients 98 

commonly receive a PPI to protect the stomach against this adverse effect. Literature 99 

reports show that patients on PPIs have a relative risk of 69% of contracting C. diff 100 

against patients who are not taking the medication.
17

  In addition, increased use of 101 

invasive devices such as urinary catheters increase the risks of antibiotic use, thus 102 
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CDIs.
16 ,18 

In SCI, AAD / CDI can contribute to or complicate any pressure ulcer 103 

management as it leads to moisture and bacteria that could potentially contaminate 104 

pressure ulcers. Recurrent diarrhoea also depletes the body of electrolytes which are 105 

key in wound healing such as potassium, or during chronic episode micronutrients 106 

such as magnesium and zinc.
14

 This is through direct loss, but also via malabsorption. 107 

Diarrhoea causes dehydration and malnutrition with further medical consequences.
19

 
 

108 

 109 

The objectives of this study were to (1) record the use of antibiotics (2) 110 

establish the prevalence of AAD and CDI and (3) assess if there is any seasonal 111 

variation in infections and prevalence of AAD in six international SCI centres. 112 

 113 

Methods 114 

This was a one year, retrospective, point-prevalence study. The data was 115 

collected from six European SCI centres on four different dates, during the period 116 

October 2014 to June 2015. In order to analyse the seasonal variation of AAD, CDI 117 

and infections caused, we collected  data from all in-patients on 4 different time 118 

points: (1) 1
st
 October 2014 (Autumn), (2) 1

st
 February 2015(Winter), (3) 6

th
 April 119 

2015 (Spring), and (4) 1
st
 June 2015 (Summer). For those SCI centre with fewer than 120 

25 beds, an additional day in each season was allocated: (1) 15
th

 September 2014 121 

(Autumn), (2) 12
th

 January 2015(Winter),(3) 4
th

 March 2015(Spring), and (4) 6
th

 July 122 

2015 (Summer).  123 

 124 

A 30 item cross-sectional questionnaire was distributed to the SCI centres’ clinicians. 125 

The questionnaire consisted of three sections: the first section collected individual’s 126 

baseline demographics (at the time of data collection), level and cause of SCI, 127 

presence of co-morbidities. Routine blood biochemistry and haematology data were 128 

collected +/- 3 days of study date. The second section collected the number of 129 

medications and whether patients were on antibiotics. The indication for starting 130 

antibiotics, dose, route and frequency of antibiotics, use of proton pump inhibitor, H2 131 

blocker, laxatives and anti-diarrhoeal agents were also collected. The last section was 132 

aimed at determining the occurrence of diarrhoea and C. diff infection.   133 

 134 
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We defined diarrhoea as 2 or more watery stools type 5, 6 or 7 (Bristol stool 135 

scale) over 24 hours.
5
  We defined AAD as 2 or more loose stools (Bristol Stool Scale 136 

type 5,6, 7) up to 7 days after finishing antibiotics.  CDI was confirmed by a positive 137 

C. difficile toxin A and B in stool samples. 138 

 139 

The survey was sent to the six SCIC’s medical lead in four western European 140 

countries with a covering letter addressed to the local SCI medical lead explaining 141 

that our investigation would be used to understand the use of antibiotics in their SCI 142 

centres. We aimed to include one SCIC for each country with 10 to 20 million 143 

inhabitants, and two for countries greater than 20 million inhabitants. Participating 144 

centres were reassured that all data would be treated anonymously.  145 

 146 

Formal ethical permission to conduct the study was not required by the 147 

Institution’s review board as it did not involving active patient participation.
20

 The 148 

questionnaires were approved by the local clinical audit departments. In addition, we 149 

tested the pilot questionnaire on three patients to assess the content and time required 150 

to complete the questionnaire; feedback from this guided the drafting of the final 151 

version of the questionnaire (supplementary information). Completed questionnaires 152 

were anonymised further prior to data input and analysis.  Two reminders were sent 153 

(at eight weeks and twelve weeks after the initial survey distribution). 154 

 155 

The intensity of antibiotic exposure was used to categorise patients into those 156 

on relatively low-risk antibiotics (metronidazole and parenteral aminoglycosides), 157 

those on ‘medium-risk’antibiotics (tetracyclines, sulphonamides, and macrolides) and 158 

those on ‘high-risk’ antibiotics (aminopenicillin, cephalosporins, lincosamides and 159 

quinolones), using the criteria described elsewhere.
21

  160 

 161 

Statistical analysis 162 

The prevalence of AAD and CDI was obtained by dividing the total number of 163 

patients that had developed AAD / CDI by the total number of patients studied during 164 

the study period. Descriptive statistics were used to calculate response frequency. 165 

Data was reported as mean (s.d.) or median (ranges).  Χ
2
 tests were used to compare 166 

differences in the distribution of qualitative variables. Differences in quantitative 167 
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variables, according to their distribution, were analyzed by the parametric t test or the 168 

non-parametric Mann–Whitney test. Univariate linear regression analysis of the 169 

occurrence of AAD was then undertaken. Those which were significant (p<0.05) were 170 

entered into a multivariate analysis to determine which made a significant unique 171 

contribution to AAD. As only a small number of CDI occurred, multiple binary 172 

logistic regression analysis was used to determine significant predictors for AAD, and 173 

effect estimates were presented as the OR and 95% CI. For all tests, a P value of 0·05 174 

or less or when the 95% CI for OR did not exceed 1·0 was considered as significant. 175 

Statistical analysis was performed using the Minitab statistical software (version 15.0; 176 

Minitab, Inc.) and SPSS (version 19; IBM Corporation). 177 

  178 

Approximately 35% of the routine data were missed in the present study 179 

(predominantly demographics, biochemical and hematological variables from those 180 

not on antibiotics) and approximately 10% of data were missed in those with 181 

antibiotics. To reduce the bias implicit in utilizing only complete cases, multiple 182 

imputation using SPSS (version 19; IBM Corporation, Chicago) Markov Chain Monte 183 

Carlo multiple functions were used to produce five imputed datasets. These were each 184 

analyzed as normal; thereafter, standard multiple imputation procedures were used to 185 

combine multiple scalar and multivariate estimate quantities. There was no missing 186 

data in respect of the primary end-points of the study (i.e. AAD). 187 

   188 

Results 189 

All six SCICs we approached responded to the survey. The centres contained a 190 

total of 431 SCI beds (20 in Belgium, 20 in the Netherlands, 210 in Spain and 181 in 191 

the United Kingdom. A total of 1,267 SCI (52.7% tetraplegia; 59.0% complete SCI) 192 

adults (median age: 54 years, 30.7% female) data were included in this study. No 193 

patients were excluded. 215 (17%) patients were on antibiotics; the top five 194 

indications for antibiotics were urinary tract infections (n=82, 36.7%), pressure ulcers 195 

/ wound infections (n=45, 19.9%), other skin infection (n=17, 12.4%), chest infection 196 

(n=21, 9.3%) and osteomyelitis (n=18, 7.5%). (Table I) Urinary tract infections were 197 

found to be more common in the autumn season (55.6%) when compared with winter 198 

(33.9%), spring (35.7%) and summer (33.9%), respectively (p=0.021). (Table I) 199 

 200 
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Thirty-two of 215 patients on antibiotics (14.9%) developed diarrhoea (AAD). 201 

This is significantly higher when compared to those not on antibiotics (6.4% of whom 202 

developed diarrhoea, p<0.01). (Table II) Patients who received antibiotics tended to 203 

take more medication (13 v 10, p<0.01), be paraplegic (57.7% v 45.1%, p<0.01), have 204 

incomplete SCI (57.8% v 34.8%, p<0.01), have a higher c-reactive protein (mg/L: 21 205 

v 12, p<0.01) and be re-admissions (37.7% v 20.1%, p<0.01). (Table II) No 206 

significant difference was found in the number of older adults, serum albumin level, 207 

body mass index, mean white cell counts, proportions of patients using proton pump 208 

inhibitor, H2 blocker, laxatives (single and multiple) and anti-diarrhoeal agents. 209 

(Table II)  210 

 211 

The centres’ antibiotic usage, percentage of antibiotic use, prevalence of AAD 212 

and CDI were varied. Table III. Overall UK SCI centres (apart from centre 5) use 213 

more antibiotics than non-UK centres (21.8% v 17%, p=0.035). There was no 214 

statistical significant difference in the occurrence of AAD in UK and non-UK SCI 215 

patients. However, there was a statistical significant difference on the occurrence of 216 

AAD amongst UK centres (24.2%, 8.7%, 6.5%, p=0.036) and non-UK centres (5.6%, 217 

41.2%, 0%, p<0.01). 218 

 219 

Overall, AAD was not significantly associated with longer duration of 220 

antibiotic therapy (mean duration, 16 days for patients with AAD vs 10 days for those 221 

without AAD, p=0.322). (Table 3) 32.4% patients received multiple antibiotics. 222 

Patients tended to develop AAD if they were on multiple antibiotics (50% in patients 223 

with AAD vs 29.9% for those without AAD, p=0.041). The most frequently used 224 

antibiotics regimens that were associated with AAD were piperacillin / tazobactam, 225 

clindamycin and flucoxacillin. 31.3% of patients that had developed AAD were found 226 

to be on high-risk antibiotics compared to 15.2% of patients on low-risk antibiotics, 227 

p=0.041. (Table IV) 228 

 229 

AAD was more common in the summer season when compared to spring, 230 

autumn and winter. (30.3%, 3.8%, 7.4%, 16.9%, p<0.01). (Table. 1) AAD was 231 

associated with older adults aged 65 years or above (54.8% v 18.1%, p<0.01), 232 

tetraplegia (68.7% v 38.2%, p<0.01) and higher body mass index: 28.2 v 25.7, 233 
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p<0.01). In addition, patients with AAD tended to have a lower serum albumin level 234 

(28g/L v 34g/L, p<0.001), receive more medications (14 v 11, p<0.01), H2 blocker 235 

user (21.9% v 5.4%, p<0.01), multiple antibiotics (50% v 29.9%, p=0.041) and use 236 

high-risk antibiotics (31.4% v 15.2%, p=0.041). 237 

 238 

The binary multivariate logistic regression analysis identified summer season 239 

(OR 7.77, 95% CI 1.49, 40.7), winter season (OR 6.0, 95% CI 1.1, 33.7), adult age 240 

greater than 65 years old (IR 3.22, 95% CI 1.27, 8.18) and being male (OR: 5.34, 95% 241 

CI 1.2, 23.7) as the unique risk factors for AAD.  (Table V) 242 

 243 

As only a small number of patients developed CDI (n=2), this form of analysis 244 

was deemed inappropriate for the CDI data. 245 

 246 

Discussion 247 

The purpose of this study was to establish the prevalence and assess whether seasonal 248 

variation affects the occurrence of AAD and CDI among SCI patients. The prevalence 249 

of AAD was 14.9% and CDI was 0.24%.  This is comparable with the reported 250 

prevalence of AAD
3
 and CDI

7
 in general populations and previous studies conducted 251 

in SCI centres.
19, 22

 Our study found that summer and winter seasons and male gender 252 

are unique risk factors for AAD.   253 

 254 

 The prevalence of AAD varied between SCI centres, this could be due to non-255 

standardised infection prevention and control and antimicrobial stewardship 256 

practices
6
. In addition some SCI centres may have a different threshold for use of 257 

antibiotics as they may be part of general hospitals which have Trauma centres and / 258 

or Emergency Departments (therefore a higher chance of prescribing antibiotics after 259 

trauma and spinal surgery) when compared to some centres just admitting elective 260 

admissions from other  general hospitals.  261 

 262 

Antibiotic administration causes an alternation in intestinal microbiota, which 263 

results in the loss of physiologic processes involving the metabolism of nutrients. 264 

Multiple antibiotics have been implicated in reduced colonic bacterial carbohydrate 265 

metabolism. Clindamycin has been shown in vitro to decrease faecal carbohydrate 266 

metabolism as well as concentrations of SCFA. Our data found that a significant 267 
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higher proportion of patients that developed AAD were on higher-risk antibiotics and 268 

this is comparable to previous reports.
21

  269 

 
 

270 

The present study found the prevalence of CDI was low in comparison to 271 

previous reports. 
13,14,15

 The fall in CDI prevalence reflects the continuing year-on-272 

year fall of overall Clostridium difficile infection cases in British hospitals. Indeed, 273 

the overall CDI rate for England in the UK has fallen from 148.7 cases per 100,000 in 274 

2007/8 to 40.8 per 100,000 in 2015/6.
24

 In addition, the low prevalence of CDI could 275 

be due to the variation in AAD and CDI definition amongst SCI centres 
25

, short study 276 

time period and point prevalence nature of the study. However, the surprisingly low 277 

CDI in our European centres (0% in all 3 centres) may be due to being under-278 

diagnosed as they lack established CDI surveillance systems.
26

  279 

 280 

Due to the limited number of CDI cases (n=2) in the present study, we were 281 

not able to analyse potential risk factors for CDI but, apart from the traditional risk 282 

factors, our study found summer season and polypharmacy may be additional risk 283 

factors for AAD.   284 

 285 

Strengths and limitations 286 

The main strength of this study is that it is the first official international study 287 

conducted in a multicenter European setting which has a large sample size (n=1,267). 288 

It also includes a mixture of various sized centres from both centres admitting elective 289 

and emergency patients immediately after SCI, therefore this study allows inter-centre 290 

comparison.   291 

 292 

This study has some limitations. Firstly, some large centres may be over-293 

represented in the results. To tackle this, we instructed an additional data collection 294 

date for centres having fewer than 25 beds. Secondly, the present study did not judge 295 

whether the use of antibiotics was appropriately prescribed, therefore it may 296 

overestimate the use of antibiotics especially in centres without established antibiotic 297 

stewardship. The selection of the SCIC was at the discretion of the study authors, 298 

however, the SCI centres represented approximately 15-20% of the SCIC’s beds in the 299 

UK, Belgium, the Netherlands and Spain.  Therefore, results derived from this sample 300 
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of SCICs could be considered representative. Thirdly, we defined the follow up period as 301 

7-days after their initial course of antibiotics is finished. However, we acknowledge that 302 

AAD/ CDI may occur up to three months after the initial exposure of antibiotics.
27

 In order to 303 

assess the risk factor of AAD / CDI in SCI patients, we recommended a further study to 304 

include the history of antibiotic use in the previous three months and a longer follow up 305 

period is warranted. Finally, different SCI centres may have different policies on 306 

antibiotic prescribing and different catheter and bowel management programmes. 307 

Previous research has found different definitions of diarrhoea have been used in 308 

different SCICs in the UK and other European SCI centres.
6
 Indeed, to use a 309 

standardised definition of diarrhoea would not just help in identifying and treating 310 

patients with diarrhoea but also allowing bench-marking with other SCI centres to 311 

strengthen future AAD / CDI research.  312 

 313 

Conclusions 314 

Our study indicates CDI is a relatively uncommon occurrence in SCI patients, despite 315 

antibiotic use being relatively common in SCI patients, and diarrhoea being associated 316 

with antibiotic use. UTI is the most common cause of infection in this group of 317 

patients and  efforts to prevent this will significantly reduce the numbers of antibiotic 318 

courses prescribed. Further studies should focus on whether AAD is associated with 319 

adverse clinical outcomes such as longer hospital stay and/or prolonged rehabilitation. 320 

As both UTI and AAD are potentially preventable, additional focus on implementing 321 

standardized infection control practice / surveillance systems across SCI centres and 322 

improving antimicrobial stewardship could reduce the incidence of UTI and AAD, 323 

especially in summer and winter seasons.    324 
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Table I. Summary of infections in SCICs by seasons 359 

     All  Spring  Summer Autumn  Winter  P-value 360 

Total no. of patients    1267  n=345  n=355  n=342  n=338 361 

Urinary tract infection*   82, 36.7% 15, 35.7% 19, 33.9% 30, 55.6% 18, 33.9% 0.021 362 

Pressure ulcers / wound infection  45, 19.9% 15, 28.8% 11, 19.6% 9, 16.7%  10, 18.9% 0.431 363 

Skin infection    17, 12.4% 6, 11.5%  4, 7.1%  3, 5.6%  4, 7.5%  0.704 364 

Chest infection    21,   9.3% 3, 5.8%  6, 10.7%  7, 12.9%  5, 9.4%  0.652 365 

Osteomyelitis    18,   7.5% 6, 11.5%  7, 12.5%  2, 3.7%  3, 5.7%  0.265 366 

Spinal metal work infection  11,   4.9% 2, 3.8%  5, 8.9%  1, 1.9%  3, 5.7%  0.381 367 

Gall bladder infection   7,   3.1%  2, 3.8%  0, 0%  0, 0%  5, 9.4%  - 368 

Infected cysts    4,   1.8%  1, 1.9%  0, 0%  1, 1.9%  2, 3.8%  - 369 

Eye infection    3,   1.3%  2, 3.8%  1, 1.8%  0, 0%  0, 0%  - 370 

Nail infection    2,   0.9%  0, 0%  2, 3.6%  0, 0%  0, 0%  - 371 

Sepsis     2,   0.9%  0, 0%  1, 1.8%  0, 0%  1, 1.9%  - 372 

Ear infection    1,   0.4%  0, 0%  0, 0%  0, 0%  1, 1.9%  - 373 

Spinal TB    2,   0.9%  0, 0%  0, 0%  1, 1.9%  1, 1.9%  - 374 

Total no. of infections   215, 17.8% 52, 15.1% 56, 16.7% 54, 15.8% 53, 15.7% 0.992 375 

     376 

AAD †    32, 14.9% 2, 3.8%  17, 30.3% 4, 7.4%  9, 16.9%  p<0.01  377 

CDAD     4, 0.24%  0, 0%  0, 0%  1, 0.3%  1, 0.3%  - 378 

 379 

* p <0.05; † p<0.01; AAD: antibiotic associated diarrhoea; CDAD: Clostridium difficile associated diarrhoea; *** Less than 5 case, no statistic test performed 380 

** n=37 patients were prescribed antibiotic as prophylaxis; some data inconsistent / change e.g. nail infection was due to f/u review to confirm indication of infection.   381 
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Table II Baseline characteristics of the study participants (Number of patients and percentages or median values) 382 

     Overall   On antibiotics   Not on antibiotics    P-value 383 
Parameters 384 

No. of diarrhoea†    61 out of 685 (8.9%) 32 out of 215 (14.9%)  29 out of 448 (6.4%)   <0.001  385 

No. of C. diff infection    4 out of 685 (0.6%) 1 out of 237 (1.3%)  3 out of 448 (0.7%)   ns 386 

Median no. of drugs†   10 (range: 1-28)  13    10     <0.001   387 

No. of patient > 65 years   176 out of 685 (25.6%) 54 out of 234 (23.1%)  122 out of 448 (27.2%)   0.269 388 
Median age    54 (range: 18-91)  59    55     0.871 389 

No. of cervical SCI†   344 out of 680 (50.5%) 100 out of 236 (42.3%)  244 out of 444 (54.9%)   0.002 390 

No. of complete SCI (AIS: A) †  386 out of 673 (57.4%) 97 out of 230 (42.2%)  289 out of 443 (65.2%)   <0.001 391 

Median body mass index (Kg/m
2
)  28.9   26.6    25     0.060 392 

No. of overweight (BMI>25 kg/m
2
)  239 out of 456(52.4%) 70 out of 121 (57.9%)  169 out of 335 (50.4%)   0.169 393 

Median of albumin (g/L) *   34   33    34     0.435 394 

Median C-reactive protein (mg/L) † 13   21    12     <0.001 395 

Median white cell counts (10
9
/L)  7.2   7.6    7.5     0.734 396 

No. of proton pump inhibitor*  342 out of 620 (55.1%) 144 out of 236 (61.0%)  198 out of 384 (51.5%)   0.025 397 
No. of H2 blocker    56 out of 612 (9.2%) 18 out of 234 (7.7%)  38 out of 378 (10.1%)   0.387 398 
No. of patient on laxatives   539 out of 618 (87.2%) 198 out of 235 (84.3%)  341 out of 383 (89.0%)   0.106 399 
No. of multiple laxatives   409 out of 539 (75.8%) 142 out of 198(71.7%)  267 out of 341 (78.3%)   0.077 400 
No. of anti-diarrhoeal agents  9 out of 602 (1.5%) 6 out of 227 (2.6%)  3 out of 375 (0.8%)   0.088 401 

No. of new admission†   504 out of 683 (73.7%) 147 out of 236 (62.3%)  357 out of 447 (79.9%)   <.0001 402 
 403 
AAD: antibiotic associated diarrhoea; GDH: glutamate dehydrogenase;  CDAD: clostridium difficile associated diarrhoea; IV: intravenous; SCI: spinal cord injury; AIS: American Spinal Injury 404 

Association Impairment Scale 405 

 406 

^^ We only reported available / returned case, especially for those not-on antibiotics 407 

* p <0.05; † p<0.01 408 
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Table III Centre’s antibiotic usage, prevalence of antibiotic associated diarrhoea (AAD) and Clostridium difficile associated diarrhoea (CDAD) 409 

 410 

Centre No. of patients No. of antibiotics % of antibiotics No. of AAD (%) CDAD 

UK centre 1 261 70 26.8 17/70, 24.2% 1/70, 1.4% 

UK centre 2 177 23 12.9 2/23, 8.7% 0/23 

UK centre 3 129 31 24 2/31, 6.5% 0/31 

Non-UK centre 4 571 90 15.8% 5/90, 5.6% 0/90 

Non-UK centre 5 49 17 34.7 7/17, 41.2% 0/17 

Non-UK centre 6 45 6 13.3 0/6 0/6 

      

UK total 567 124 21.8 21/124, 16.9% 1/124, 0.81% 

      

Non-UK total 665 113 17.0 12/ 113, 10.6% 0/113, 0% 

      

Overall 1232 237 19.2 33/237, 13.9% 1/237, 0.42% 

 411 

1. UK SCI patients seems to receive more antibiotic than in non-UK SCI patients. 21.8% v 17%, p=0.0353 412 

2. No statistical significant difference between the occurrence of AAD in UK and non-UK population. 413 

3. There is a statistical significant difference between UK centres in occurrence of AAD, 24.2% v 8.7% v 6.5%, p=0.036 414 

4. There is a statistical significant difference between non-UK centres in AAD, 5.6% v 41.2% v 0%, p<0.001 415 
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Table IV Baseline characteristics of the study participants on antibiotics (Number of patients and percentages or median values) 416 

     Developed AAD   Did not developed AAD    P-value 417 

      418 

Parameters 419 

No. of patient > 65 years†   17 out of 31 (54.8%)  37 out of 204 (18.1%)    <0.01 420 

No. of cervical SCI†   22 out of 32 (68.7%)  78 out of 204 (38.2%)    <0.01 421 

No. of complete SCI (AIS: A)  21 out of 32 (65.6%)  113 out of 199 (56.8%)    0.441 422 

Median body mass index (Kg/m
2
) †  28.8    25.7      <0.01 423 

Median serum albumin (g/L) †  28    34.0      <0.01 424 

No. of hypoalbuminaemia (<30g/L) * 14 out of 26 (53.8%)  49 out of 181 (27.1%)    0.011 425 

No. of drugs†    14    11      <0.01 426 

No. of proton pump inhibitor  15 out of 32 (46.9%)  129 out of 204 (63.2%)    0.083 427 

No. of H2 blocker †   7 out of 32 (21.9%)  11 out of 202 (5.4%)    <0.01 428 

No. of patient on laxatives   25 out of 32 (78.1%)  173 out of 203 (85.2%)    0.302 429 
No. of multiple laxatives   17 out of 25 (68.0%)  125 out of 173 (72.3%)    0.641 430 
No. of anti-diarrhoeal agents  2 out of 31 (6.5%)  4 out of 196 (2%)     0.191 431 
No. of new admission   17 out of 32 (53.1%)  130 out of 204 (63.7%)    0.327 432 
Median onset of SCI (days)  501    365      0.267 433 
Duration of antibiotics   16    10      0.322 434 

No. of multiple antibiotics *  16 out of 32 (50.0%)  61 out of 204 (29.9%)    0.041 435 

No. of high-risk antibiotics †  15 out of 32 (46.9%)  48 out of 204 (23.5%)    <0.01 436 

 437 

AAD: antibiotic associated diarrhoea; CDAD: clostridium difficile associated diarrhoea; IV: intravenous; SCI: spinal cord injury; AIS: American Spinal Injury Association Impairment Scale 438 

* p <0.05; † p<0.01 439 



16 

Table V. Multivariate logistic regression analysis to identify risk factors for antibiotics associated diarrhoea  440 

(Standard errors, odds ratios and 95% confidence intervals) 441 

 442 

 443 

Variable   SE   OR   95% CI    p-value 444 
 445 

Seasons (spring reference) 446 

 447 

Summer   0.844    7.77  1.49, 40.7   0.015 448 

Autumn   0.961    1.84  0.28, 12.1   0.525 449 

Winter    0.881    6.00  1.07, 33.7   0.042 450 

 451 

Female gender   0.775    0.18  0.04, 0.81   0.026 452 

 453 

Age >65 years old  0.475    3.22  1.27, 8.17   0.014 454 

 455 

No. of antibiotics  0.325    1.23  0.65, 2.31   0.535 456 

 457 

No. of drug   0.051    1.09  0.99, 1.21   0.070 458 

 459 

Tetraplegia   0.469    0.48  0.19, 1.21   0.120 460 

 461 

Use of H2 blocker  0.639    0.33  0.09, 1.15   0.083 462 



17 

References 463 

1.  Parvez S, Malik KA, ah Kang S, Kim YH. Probiotics and their fermented 464 

food products are beneficial for health. J Appl Microbiol 2006; 100: 1171-1185. 465 

2.  Dendikuri N, Costa V, McGregor M, Brophy J. Probiotic therapy for the 466 

prevention and treatment of Clostridium difficile-associated diarrhoea: a systematic 467 

review. CMAJ 2005; 173: 167-170. 468 

3.  Bartlett JG. Antibiotic-associated diarrhea. N Engl J Med. 2002; 346: 334-469 

339.  470 

4.  Hogenauer C, Hammer HF, Krejs GJ, et al. Mechanisms and management of 471 

antibiotic-associated diarrhea. Clin Infect Dis. 1998; 27, 702-710. 472 

5.  O’Donnell LD, Virjee J, Heaton KW. Detection of pseudodiarrhoea by simple 473 

clinical assessment of intestinal transit time. Br Med J 1990; 300: 4390440. 474 

6. Wong S, Saif M, O’Driscoll, Kumar N, Smith E, Roels E, Van Nes I, Faber W, 475 

McKeown E, Hirani SP, Jamous A. Use of probiotics in preventing antibiotic 476 

associated diarrhoea and Clostridium difficile associated diarrhoea in spinal injury 477 

centres: An international survey of four European countries. Int J Probiotics & 478 

Prebiotics 2015: 10, 85-90.  479 

7. McFarland LV. Update on the changing epidemiology of Clostridium difficile-480 

associated disease. Nat Clin Pract Gastroenterol Hepatol 2008; 5, 40-48. 481 

8. Bauer MP, Notermans DW, van Benthem BH, Brazier JS, Wilcox MH, 482 

Rupnik M, Monnet DL, van Dissel JT, Kuijper EJ, ECDIS Study Group. Clostridium 483 

difficile infection in Europe: a hospital-based survey. Lancet 2011; 377: 63-73. 484 

9. Department of Health / Health Protection Agency. Clostridium difficile 485 

infection: how to deal with the problem. Department of Health and Health Protection 486 

Agency 2008. 487 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/340851488 

/Clostridium_difficile_infection_how_to_deal_with_the_problem.pdf [accessed 18th 489 

September 2016] 490 

10. Deshpande A, Pasupuleti V, Thota P, Pant C, Rolston DD, Hernadez AV, 491 

Donskey CJ, Fraser TG. Risk factors for recurrent Clostridium difficile infection: a 492 

systematic review and meta-analysis. Infect Control Hosp Epidemiol 2015; 36:452-493 

460. 494 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/340851/Clostridium_difficile_infection_how_to_deal_with_the_problem.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/340851/Clostridium_difficile_infection_how_to_deal_with_the_problem.pdf


18 

11. Kwok CS, Arthur AK, Anibueze CI, Singh S, Cavallazzi R, Loke YK. Risk of 495 

Clostridium difficile infection with acid suppressing drugs and antibiotics: meta-496 

analysis. Am J Gastroenterol 2012; 107: 1011-1019. 497 

12. Khanafer N, Vanhems P, Barbut F, Luxemburger C, CDI01 Study group. 498 

Factors associated with Clostridium difficile infection: A nested case-control study in 499 

a three year prospective cohort. Anaerobe 2017; 44: 117-123. 500 

13. Wong SS, O’Driscoll J, Weldon M, Yau CY. Nutritional status predicts 501 

hospital length of stay and mortality in patients with Clostridium difficile (C. diff) 502 

infection. Proc Nutr Soc 2010; 69 (OCE2), E175. 503 

14. Worth LJ, Spelman T, Bull AL, Brett JA, Richards MJ. Epidemiology of 504 

Clostridium infection in Australia: enhanced surveillance to evaluate time trends and 505 

severity of illness in Victoria, 2010-2014. J Hosp Infect 2016; 93: 280-285. 506 

15. Furya-Kanamori L, McKenzie SJ, Yakob L, Clark J, Paterson DL, Riley TV, 507 

Clements AC. Clostridium difficile infection seasonality: patterns across hemispheres 508 

and continents – a systematic review. PLoS One 2015; 16: e0120730. 509 

16. Evans CT, LaVela SL, Weaver FM, Priebe M, Sandford P, Niemiec P, 510 

Miskevics S, Parada JP. Epidemiology of hospital-acquired infections in veterans with 511 

spinal cord injury and disorders. Infect Control Hosp Epidemiol 2008; 29: 234-242. 512 

17. Tariq R, Singh S, Gupta A, Pardi DS, Khanna S. Association of gastric acid 513 

suppression with recurrent Clostridium difficile infection: A systematic review and 514 

meta-analysis. JAMA Intern Med 2017; doi: 10.1001/jamainternmed.2017.0212. 515 

[Epub ahead of print]  516 

18. Consortium for Spinal Cord Medicine (2014) Pressure ulcer prevention and 517 

treatment following spinal cord injury: A Clinical Practice Guideline for Health-Care 518 

Providers. Second Edition. Paralyzed Veterans of America, Washington DC. 519 

19. Wong S, Jamous A, O’Driscoll J, Sekhar R, Weldon M, Yau CY, Hirani S, 520 

Grimble G & Forbes A (2014) A Lactobacillus casei Shirota probiotic drink reduces 521 

antibiotic-associated diarrhoea in patients with spinal cord injuries: a randomised 522 

controlled trial. Br J Nutr 111, 672-678.  523 

20. Health Research Authority Defining Research, NRES guidance to help you 524 

decide if your project requires review by a Research Ethics Committee 525 



19 

http://www.hra.nhs.uk/documents/2013/09/defining-research.pdff (accessed 10 April 526 

2016) 527 

21. Kelly CP, LaMont JT. Clostridium difficile infection.  Annu Rev Med 1998; 49: 528 

375–390. 529 

22. Wong S, Santullo P, O’Driscoll J, Jamous A, Hirani SP, Saif M. Use of 530 

antibiotic and prevalence of antibiotic-associated diarrhoea in-patients with spinal 531 

cord injuries: a UK national spinal injury centre experience. Spinal Cord 2017 Jan 31. 532 

doi: 10.1038/sc.2016.193. [Epub ahead of print] 533 

23. Hogenauer C, Hammer HF, Krejs GJ, et al. Mechanisms and management of 534 

antibiotic-associated diarrhea. Clin Infect Dis. 1998; 27, 702-710. 535 

24. Public Health England (2015) Infection Report. Volume 9, Number 21. 536 

Published on 19 June 2015. 537 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/436569538 

/hpr2115_cdff.pdf  [accessed 20 December 2015]  539 

25. Wong S, Saif M, O’Driscoll, Kumar N, Smith E, Roels E, Van Nes I, Faber W, 540 

McKeown E, Hirani SP, Jamous A. Use of probiotics in preventing antibiotic 541 

associated diarrhoea and Clostridium difficile associated diarrhoea in spinal injury 542 

centres: An international survey of four European countries. Int J Probiotics & 543 

Prebiotics 2015: 10, 85-90. 544 

26. Davies K, Longshaw C, Davis G, Bouza E, Barbut F, Barna Z, Delmee M, et 545 

al. underdiagnosis of Clostridium difficile across Europe: the European, multicenter, 546 

prospective, biannual, point-prevalence study of Clostridium difficile infection in 547 

hospitalized patients with diarrhoea (EUCLID). Lancet Infect Dis 2014: 12, 1208-548 

1219. 549 

27. McFarland LV. Normal flora: diversity and functions. Micro Ecol Health Dis 550 

2000: 12, 193-207. 551 

http://www.hra.nhs.uk/documents/2013/09/defining-research.pdff
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/436569/hpr2115_cdff.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/436569/hpr2115_cdff.pdf

