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Abstract

Lifewayg kefir, a fermented milk product containing 12 probiotic organisms, is reported to show
promise as an alternative to fecal microbiota transplantation for recurrent Clostridium difficile
infection (CDI). We employed a murine CDI model to study the probiotic protective mechanisms
and unexpectedly determined that kefir drastically increased disease severity. Our results
emphasize the need for further independent clinical testing of kefir as alternative therapy in
recurrent CDI.
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A continuous rise in Clostridium difficile infection (CDI) coupled with the increased threat
of antimicrobial resistance and limited antibiotic treatment options for this pathogen has
generated a great deal of interest in alternative therapy [1-8]. CDI occurs when the normal
gastrointestinal (GI) microbiota is disrupted; typically by antibiotic treatment - one of the
major risk factors for contracting CDI. When conventional antibiotic therapy fails to resolve
CDl, fecal microbiota transplantation (FMT) is an effective therapy that restores the normal
microbial balance and combats CDI. While FMT is the most effective treatment option for
patients suffering from recurrent episodes of CDI [9, 10], it is considered an investigational
therapy by the US Food and Drug Administration and may not be covered by third-party
payers [11]. Additionally, a recent case report highlighting new-onset obesity in a patient
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receiving stool from an overweight donor [12] raises concerns about the long-term health
effects of FMT. Due to costs related to the lack of insurance coverage, unavailability of
treatment providers and/or other confounding health factors, FMT is not always a viable
option for CDI patients. As a result, alternative prevention and treatment options are
currently being investigated.

Lifewayg kefir (www.kefir.com) is a fermented dairy product containing 12 live probiotic
organisms that has recently been described as a successful, low-cost, non-invasive alternative
to FMT [13, 14]. In 2009 [13] and 2014 [14], Bakken reported that the majority (84%) of
patients diagnosed with recurrent CDI (rCDI) given Staggered and Tapered Antibiotic
Withdrawal (STAW) therapy with Lifewayg kefir supplementation saw complete resolution
of symptoms. The STAW treatment consisted of a 6 week staggered and tapered
metronidazole or vancomycin regimen accompanied by a minimum of three Lifewayg kefir
drinks each day and for 2 months following the 6 week STAW therapy. These reports
demonstrate that supplementation of extended antibiotic therapy with a cocktail of beneficial
microbes is as efficacious as FMT in adult patients with rCDI. To date, these results make
this one of the most promising probiotic therapies for treating severe, recurring CDI.

Our objective was to demonstrate the efficacy of Lifewayg kefir probiotics in an established
mouse model of CDI [15] to begin to unravel mechanisms of how the beneficial microbes
protect against disease. Lifewayg kefir products contain 7-10 billion colony forming units
of 12 different probiotic organisms (listed in Table 1), many of which are intrinsically
resistant to antimicrobials used to treat rCDI. A meta-analysis (data not shown) of published
microbiome studies [16-21] with samples from patients with antibiotic associated diarrhea
or CDI showed that antibiotic treatment results in an expansion of Gl lactic acid bacteria,
presumably due to the intrinsic antibiotic resistance of these organisms which allows them to
persist in this environment. While there are relative expansions of Gl lactic acid bacteria in
patients receiving antibiotics, operational taxonomic units (OTUs) closely related to the
probiotic organisms found in Lifewayg kefir are not always present in patients with or
without CDI (Table 1). Bakken’s studies indicate that providing them in the diet of patients
with rCDI is effective at ameliorating disease recurrence.

In line with the Bakken study [14], we delivered multiple doses of kefir daily to mice
infected with C. difficile. Eight-week-old C57BL/6 female mice were purchased from
Jackson Laboratories and were administered antibiotics and probiotics as outlined in Figure
1. All protocols were approved by the Baylor College of Medicine Institutional Animal Care
and Use Committee. CDI induction in mice was carried out as previously described [15, 22],
with minor modifications. Mice (n= 5/group) were challenged orally with 1 x 108 C. difficile
VVPI 10463 (ATCC 43255) spores [23, 24]. To determine the effects of Lifewayg kefir on
disease progression in mice with CDI, animals were gavaged with 200 pL of either kefir or
1X phosphate buffered saline (PBS) prior to and during CDI (Figure 1). Stool specimens
were collected and the health of each animal scored daily. Health scoring was completed by
a single individual (A.B.) over the course of the experiment and consisted of numerical
values (0-3; higher numbers being reflective of greater disease) for body condition,
appearance, Gl disease, natural behavior and provoked behavior. Moribund animals were
euthanized and surviving animals were euthanized at day seven.
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C. difficile challenge resulted in weight loss (Figure 2A) and declining health (Figure 2B)
for all groups within 2-3 days post infection (dpi). Animals receiving kefir three times daily
in the presence of C. difficile infection exhibited the greatest weight loss and health decline
with all animals in this group becoming moribund by 3 dpi (Figures 2B & 2C). Infected
control animals receiving PBS twice daily became ill, but not moribund and all animals in
this group began to recover by 4 dpi. Of the infected animals receiving kefir twice daily, one
became moribund on 3 dpi with the remaining animals recovering by 4 dpi. The non-
infected group (Kefir 3x Ctrl) was monitored to 4 dpi and did not experience weight loss or
health decline due to thrice daily kefir gavages in the absence of C. difficile demonstrating
that disease was not caused by the probiotic itself.

Concentrations of C. difficile in stool were determined to establish whether increased
pathogen concentrations were responsible for the severity of disease observed in the
clinically recommended kefir treatment group. Microbial DNA was isolated from stool
specimens [25, 26] and relative C. difficile content was quantified by gPCR using primers
specific to the C. difficile 16S rDNA gene [27]. Quantities of C. difficile 16S rDNA copies
are normalized by total DNA concentration and data are represented in Figure 2D. In all
groups, relative C. difficile concentrations increased following challenge at day 0 as
expected. The mean relative concentration of C. difficile in both kefir treated groups was
greater than the PBS group at 1 dpi (Figure 2D), however these differences are not
significant (p value > 0.05) and do not explain the increased disease severity observed in the
groups receiving daily kefir. Futhermore, toxin levels in stool measured by TcdA and TcdB
ELISA were not dramatically elevated in infected animals receiving kefir (data not shown).
Therefore, greater disease severity in animals receiving kefir was not a result of increased C.
difficile bacterial load or toxicity. Increased host susceptibility to C. difficileis a potential
disease outcome associated with Kefir supplementation in mice, possibly mediated by
inhibiting protective innate immune responses [28, 29].

The results of this study were unexpected considering Bakken reported no adverse effects in
CDI patients that participated in either Lifewayg kefir study [13, 14]. A limitation of our
study includes the use of a gold standard lab-adapted high toxin producing C. difficile strain
(VPI). Kefir may be more effective at preventing infection with clinical isolates of C.
difficile. While we show that disease severity is not a result of greater C. difficile
concentrations or toxicity, it is possible that kefir increased host sensitivity in these animals
pointing to potential species differences. However, organisms isolated from kefir are
reported to be beneficial in several mouse models, including CDI where mice treated orally
with Kefir-derived Lactobacillus kefiri showed no adverse effects [30]. A mouse model of
giardiasis showed that oral administration of kefir reduced infection with Giradia intestinalis
by activating a variety of humoral and cellular immune responses typically downregulated
during parasitic infection [31]. In a mouse model of non-alcoholic fatty liver disease
(NAFLD), kefir was administered to mice orally for four weeks and improved symptoms of
NAFLD by inhibiting the lipogenesis pathway [32]. Kefir has even shown protective effects
against x-ray irradiation-induced intestinal damage in mice [33]. In each of these cases,
either kefir or kefir-derived microbes were administered orally to mice without adverse
effects.
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Our results demonstrate the difficulty in studying translational therapies in animal models.
While Bakken has provided solid evidence to support kefir as a viable supplement to STAW
therapy in patients with recurrent CDI, kefir was not protective in this animal study. Our
results highlight the need for repeated clinical trials using kefir in larger and independent
patient cohorts. Due to the escalating incidence and mortality rates associated with CDI and
its unique relationship with antibiotic treatment, the Centers for Disease Control and
Prevention (CDC) have classified C. difficile as an urgent public health threat [2]. Limited
treatment options [9] and recurrence rates upward of 35% [6, 7, 9, 34-37] emphasize the
importance of finding alternative treatment and prevention options for CDI. Despite the
results of a 2013 Cochrane review reporting probiotics to be both safe and effective for
preventing CDI [38], clinical communities are presently working from outdated 2010
SHEA/IDSA guidelines [39] that are not supportive of using probiotics as prevention
strategies to CDI. There is an urgent need supported by clinical data [4, 13, 14, 38, 40] to
continue striving for better model systems that will drive research progress of alternative
therapies like probiotics for CDI prevention towards translation.

Acknowledgments

This study was supported by the US National Institutes of Health (NIH) National Institute of Diabetes, Digestive,
and Kidney Disease (NIDDK) DK56338 (which supports the Texas Medical Center Digestive Diseases Center),
R21 DK096323-01; the National Center for Research Resources 1UL1RR029876-01; the National Institute of
Allergy and Infectious Diseases RO1 NIAID Al110094001; and by the Department of Pathology, Texas Children’s
Hospital. We also thank Toni-Ann Mistretta for her statistical expertise.

References

1. O’Neill, J., editor. Review on Antimicrobial Resistance. 2014. A. Review. Antimicrobial Resistance:
Tackling a crisis for the health and wealth of nations; p. 1-20.

2. C.f.D.C.a.P. (CDC). Antibiotic Resistance Threats in the United States, 2013. U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention; 2013.

3. Chopra T, Goldstein EJ. Clostridium difficile Infection in Long-term Care Facilities: A Call to
Action for Antimicrobial Stewardship. Clin Infect Dis. 2015; 60(Suppl 2):S72-6. [PubMed:
25922404]

4. Evans CT, Johnson S. Prevention of Clostridium difficile Infection With Probiotics. Clin Infect Dis.
2015; 60(Suppl 2):S122-8. [PubMed: 25922397]

5. Goldstein EJ, Johnson S, Maziade PJ, McFarland LV, Trick W, Dresser L, et al. Pathway to
Prevention of Nosocomial Clostridium difficile Infection. Clin Infect Dis. 2015; 60(Suppl 2):S148-
58. [PubMed: 25922401]

6. Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK, Dunn JR, et al. Burden of Clostridium
difficile infection in the United States. N Engl J Med. 2015; 372:825-34. [PubMed: 25714160]

7. Leffler DA, Lamont JT. Clostridium difficile infection. N Engl J Med. 2015; 372:1539-48.
[PubMed: 25875259]

8. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, et al. Multistate point-
prevalence survey of health care-associated infections. N Engl J Med. 2014; 370:1198-208.
[PubMed: 24670166]

9. Goldberg EJ, Bhalodia S, Jacob S, Patel H, Trinh KV, Varghese B, et al. Clostridium difficile
infection: A brief update on emerging therapies. American Journal of Health-System Pharmacy.
2015; 72:1007-12. [PubMed: 26025991]

10. Bakken JS. Feces transplantation for recurrent Clostridium difficile infection: US experience and

recommendations. Microb Ecol Health Dis. 2015; 26:27657. [PubMed: 26031677]

Anaerobe. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Spinler et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 5

McKinney M. FDA slaps regs on fecal transplants; Increased steps for C. difftreatment draw
mixed reactions from providers. Modern Healthcare. 2013:0010.

Alang N, Kelly CR. Weight gain after fecal microbiota transplantation. Open Forum Infect Dis.
2015; 2:0fv004. [PubMed: 26034755]

Bakken JS. Resolution of recurrent Clostridium difficile-associated diarrhea using staggered
antibiotic withdrawal and kefir. Minn Med. 2009; 92:38-40. [PubMed: 19708314]

Bakken JS. Staggered and tapered antibiotic withdrawal with administration of kefir for recurrent
Clostridium difficile infection. Clin Infect Dis. 2014; 59:858-61. [PubMed: 24917658]

Chen X, Katchar K, Goldsmith JD, Nanthakumar N, Cheknis A, Gerding DN, et al. A mouse
model of Clostridium difficile-associated disease. Gastroenterology. 2008; 135:1984-92.
[PubMed: 18848941]

Antharam VC, Li EC, Ishmael A, Sharma A, Mai V, Rand KH, et al. Intestinal dysbiosis and
depletion of butyrogenic bacteria in Clostridium difficile infection and nosocomial diarrhea. J Clin
Microbiol. 2013; 51:2884-92. [PubMed: 23804381]

Buffie CG, Bucci V, Stein RR, McKenney PT, Ling L, Gobourne A, et al. Precision microbiome
reconstitution restores bile acid mediated resistance to Clostridium difficile. Nature. 2014

Manges AR, Labbe A, Loo VG, Atherton JK, Behr MA, Masson L, et al. Comparative
metagenomic study of alterations to the intestinal microbiota and risk of nosocomial Clostridum
difficile-associated disease. J Infect Dis. 2010; 202:1877-84. [PubMed: 21050115]

Schubert AM, Rogers MA, Ring C, Mogle J, Petrosino JP, Young VB, et al. Microbiome data
distinguish patients with Clostridium difficile infection and non-C. difficile-associated diarrhea
from healthy controls. MBio. 2014; 5:e01021-14. [PubMed: 24803517]

Seekatz AM, Aas J, Gessert CE, Rubin TA, Saman DM, Bakken JS, et al. Recovery of the gut
microbiome following fecal microbiota transplantation. MBio. 2014; 5:e00893-14. [PubMed:
24939885]

Vincent C, Stephens DA, Loo VG, Edens TJ, Behr MA, Dewar K, et al. Reductions in intestinal
Clostridiales precede the development of nosocomial Clostridium difficile infection. Microbiome.
2013; 1:18. [PubMed: 24450844]

Savidge TC, Urvil P, Oezguen N, Ali K, Choudhury A, Acharya V, et al. Host S-nitrosylation
inhibits clostridial small molecule-activated glucosylating toxins. Nat Med. 2011; 17:1136-41.
[PubMed: 21857653]

Sorg JA, Sonenshein AL. Inhibiting the initiation of Clostridium difficile spore germination using
analogs of chenodeoxycholic acid, a bile acid. J Bacteriol. 2010; 192:4983-90. [PubMed:
20675492]

Francis MB, Allen CA, Shrestha R, Sorg JA. Bile acid recognition by the Clostridium difficile
Germinant Receptor, CspC, is important for establishing infection. PLoS Pathog. 2013;
9:1003356. [PubMed: 23675301]

Yu Z, Morrison M. Improved extraction of PCR-quality community DNA from digesta and fecal
samples. Biotechniques. 2004; 36:808-12. [PubMed: 15152600]

Salonen A, Nikkila J, Jalanka-Tuovinen J, Immonen O, Rajilic-Stojanovic M, Kekkonen RA, et al.
Comparative analysis of fecal DNA extraction methods with phylogenetic microarray: effective
recovery of bacterial and archaeal DNA using mechanical cell lysis. J Microbiol Methods. 2010;
81:127-34. [PubMed: 20171997]

Rinttila T, Kassinen A, Malinen E, Krogius L, Palva A. Development of an extensive set of 16S
rDNA-targeted primers for quantification of pathogenic and indigenous bacteria in faecal samples
by real-time PCR. J Appl Microbiol. 2004; 97:1166-77. [PubMed: 15546407]

Lawley TD, Clare S, Walker AW, Goulding D, Stabler RA, Croucher N, et al. Antibiotic treatment
of Clostridium difficile carrier mice triggers a supershedder state, spore-mediated transmission,
and severe disease in immunocompromised hosts. Infect and Immun. 2009; 77:3661-9. [PubMed:
19564382]

Jarchum 1, Liu M, Shi C, Equinda M, Pamer EG. Critical role for MyD88-mediated neutrophil
recruitment during Clostridium difficile colitis. Infect and Immun. 2012; 80:2989-96. [PubMed:
22689818]

Anaerobe. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Spinler et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 6

Carasi P, Diaz M, Racedo SM, De Antoni G, Urdaci MC, Serradell Mde L. Safety characterization
and antimicrobial properties of kefir-isolated Lactobacillus kefiri. Biomed Res Int. 2014;
2014:208974. [PubMed: 24955346]

Franco MC, Golowczyc MA, De Antoni GL, Perez PF, Humen M, Serradell Mde L.
Administration of kefir-fermented milk protects mice against Giardlia intestinalis infection. Journal
of Medical Microbiology. 2013; 62:1815-22. [PubMed: 24072759]

Chen HL, Tung YT, Tsai CL, Lai CW, Lai ZL, Tsai HC, et al. Kefir improves fatty liver syndrome
by inhibiting the lipogenesis pathway in leptin-deficient ob/ob knockout mice. Int J Obes. 2014;
38:1172-9.

Teruya K, Myojin-Maekawa Y, Shimamoto F, Watanabe H, Nakamichi N, Tokumaru K, et al.
Protective effects of the fermented milk Kefir on X-ray irradiation-induced intestinal damage in
B6C3F1 mice. Biol Pharm Bull. 2013; 36:352-9. [PubMed: 23229389]

Drekonja DM, Butler M, MacDonald R, Bliss D, Filice GA, Rector TS, et al. Comparative
effectiveness of Clostridium difficile treatments: a systematic review. Ann Intern Med. 2011;
155:839-47. [PubMed: 22184691]

Garey KW, Sethi S, Yadav Y, DuPont HL. Meta-analysis to assess risk factors for recurrent
Clostridium difficile infection. J Hosp Infect. 2008; 70:298-304. [PubMed: 18951661]

Johnson S. Recurrent Clostridium difficile infection: a review of risk factors, treatments, and
outcomes. J Infect. 2009; 58:403-10. [PubMed: 19394704]

Shields K, Araujo-Castillo RV, Theethira TG, Alonso CD, Kelly CP. Recurrent Clostridium
difficile infection: From colonization to cure. Anaerobe. 2015; 34:59-73. [PubMed: 25930686]
Goldenberg JZ, Ma SS, Saxton JD, Martzen MR, Vandvik PO, Thorlund K, et al. Probiotics for the
prevention of Clostridium difficile-associated diarrhea in adults and children. Cochrane Database
Syst Rev. 2013; 5:CD006095. [PubMed: 23728658]

Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, et al. Clinical practice
guidelines for Clostridium difficile infection in adults: 2010 update by the society for healthcare
epidemiology of America (SHEA) and the infectious diseases society of America (IDSA).
Infection Control and Hospital Epidemiology. 2010; 31:431-55. [PubMed: 20307191]

Maziade PJ, Andriessen JA, Pereira P, Currie B, Goldstein EJ. Impact of adding prophylactic
probiotics to a bundle of standard preventative measures for Clostridium difficile infections:
enhanced and sustained decrease in the incidence and severity of infection at a community
hospital. Curr Med Res Opin. 2013; 29:1341-7. [PubMed: 23931498]

Anaerobe. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Spinler et al.

Page 7

Research Highlights

Lifeway Kefir probiotic supplementation exacerbates C. difficile
disease in mice.

Probiotic-induced disease is unrelated to C. difficile burden or toxin
production.

Profound host-differences in probiotic efficacy highlight the need for
additional clinical trials.
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Kefir 2x | 2x daily Kefir Yes
Kefir 3x 3x daily Kefir Yes \ /
Kefir 3x Ctrl | 3x daily Kefir | No 2x-3x daily Lifewayg Kefir (or PBS) treatments (200 L)
Figure 1.

Experimental design of kefir supplementation prior to and after challenge with 1 x 10% C.
difficile VPI spores. All groups (n=5/group) received antibiotic cocktail in drinking water,
followed by 2 days of single IP clindamycin injections. The PBS, Kefir 2x, and Kefir 3x
groups received a subsequent challenge of C. difficile VVPI spores resulting in a uniform and
severe clinical illness. The Kefir 3x Ctrl group was not infected with C. difficile and was
observed up to day 4.
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Supplementation with kefir does not protect against CDI in mice. (A) Mean relative weights
of surviving mice based on the weight at day 0; (B) Average disease scores for groups post
infection and the non-infected group; (C) Kaplan-Meier survival plot of mice treated with

PBS or kefir; (D) Concentrations of C. difficile in infected animals as determined by C.

difficile 16S rDNA specific gPCR, normalized to DNA concentration. Panels A, B, and D
represent means + standard error, and a repeat measure of ANOVA with a Tukey post hoc

analysis revealed no significant difference (p-value > 0.05) between groups in panel A

(weights) or D (quantity of C. dlifficile). The log-ranked Mantel-Cox test revealed significant

differences (p-value = 0.0001) in survival between infected PBS controls and infected

animals receiving kefir three times daily (panel C).
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