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A randomized trial of Lactobacillus acidophilus BG2FO4 to treat
lactose intolerance!=

John R Saltzman, Robert M Russell, Barbara Golner, Susan Barakat, Gerard E Dallal, and Barry R Goldin

ABSTRACT ethnic groups are lactose maldigesters (1). Lactose maldigestion
Background: Lactose intolerance is the most common disordetis due to the reduction or loss of lactase activity in the intestinal
of intestinal carbohydrate digestiobactobacillus acidophilus  brush border. In select populations, the ability to digest lactose
BG2F0O4 is a strain of lactobacilli with properties of markedpersists to adulthood, with a 90% prevalence of persistent lactose
intestinal adherence and highgalactosidase activity. digestion in northern European whites (1). In the United States,
Objective: This study was designed to determine whether ora=25% of adults are lactose maldigesters compared with 75% o&
feeding ofLactobacillus acidophiluBG2FO4 leads to a lactose- adults worldwide (2, 3). Ingestion of lactose by a person Withg
tolerant state. lactose maldigestion may lead to abdominal bloating, flatulenceD
Design: We studied 42 subjects with self-reported lactose intol-and diarrhea. o.
erance and performed breath-hydrogen tests to determine Although most adults in the world are lactose intolerant, IargeQ-
whether they were lactose maldigesters. Subjects with estalguantities of yogurt are consumed by some of the Iactoseg
lished lactose maldigestion € 24) were invited to be randomly maldigesting populations. The lactose ingested in yogurt is bets
assigned to an omeprazole-treated (hypochlorhydric) group orter digested than is the lactose in milk (4, 5). It is believed tha
non-omeprazole-treated group, but 6 subjects chose not to pahe enhanced digestion of lactose in yogurt is a result of intraing
ticipate. All randomly assigned subjecis<18) ingested.acto- testinal digestion of lactose by lactase released from yogurt—pro%:
bacillus acidophilusBG2FO4 twice per day for 7 d and stool ducing organisms, which only occurs if the culture is added aftelg
samples were collected. Breath-hydrogen tests were performghsteurization. There is a reduction in the lactose content a8
and symptom scores were recorded at baseline and after lactgegurt during the fermentation process that varies with the2
bacilli ingestion. length of storage time before ingestion. In addition, the duratior%
Results: Lactose maldigestion was established in 24 of 42 subef bacterial lactase activity corresponds with the duration of sur£
jects (57%) with self-reported lactose intolerance. In 18 lactosevival of lactobacilli after ingestion. The presence of gastric acidS
maldigesting subjects, overall hydrogen production and symptordegrades the bacterial lactase activity in 20-60 min (6). §
scores after ingestion dfactobacillus acidophilusBG2FO4 It has been hypothesized that ingestion of a straibaato- NS
were not significantly different from baseline values. Livac- bacilluswith properties of higig-galactosidase activity and avid i
tobacillus acidophilu8BG2FO4 was recovered in stool samples intestinal adherence would lead to prolonged intestinal survwaE
from 7 subjects.
Conclusions: Lactose intolerance is overreported in subjects
with gastrointestinal symptoms after lactose ingestion. Treat
ment of lactose-maldigesting subjects with and without o

. . . . . of Medicine, Boston.
hypochlorhydria withLactobacillus acidophiluBG2FO4 for 7.d 2Preliminary data were presented in abstract form (Gastroenterology
failed to change breath-hydrogen excretion significantly aftel;ggg.110: AB36).
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of lactobacilli and possibly the conversion from a lactose-intol-trations were calculated by subtracting the baseline (fasting)
erant to a lactose-tolerant stateactobacillus acidophilus hydrogen concentrations from subsequent test values. To correct
BG2F0O4 was selected to test this hypothesis because this orgahe hydrogen values for atmospheric contamination of alveolar
ism has the ideal qualities of high lactase activity and strongir, the observed carbon dioxide concentrations were normalized
intestinal adherence (7). Furthermore, we hypothesized that thi® 45 mm Hg (the partial pressure of carbon dioxide in alveolar
strategy would be most effective in patients with hypochlorhy-air). Subjects were classified as having lactose maldigestion if
dria because the organisms and enzyme would be more likely their breath-hydrogen concentrations increased by >6 ppm (8).
survive passage through the stomach into the small intestine.  During the study protocol, end-alveolar hydrogen concentra-
Healthy subjects with self-reported lactose intolerance wergions were determined at 30 min and then hourly for 8 h after
studied and actual lactose maldigestion was evaluated by medgagestion of 20 g lactose.
uring breath-hydrogen production after lactose ingestion. Sub- )
jects with documented lactose maldigestion were randomlyR€POrting of symptoms
assigned to an omeprazole-treated group (to induce hypochlor- Subjects were asked to rate the presence and severity of gas-
hydria) or a non-omeprazole-treated group. We used breathrointestinal symptoms after each breath test (9). Abdominal
hydrogen measurements after lactose ingestion to determine tipain, abdominal distention, abdominal bloating, and flatulence
degree of lactose maldigestion. We tested the hypothesis thédas) were ranked as follows: 0 = no symptoms, 1 = mild symp-
ingestion of a strain dfactobacilluswith a highp-galactosidase toms, 2 = moderate symptoms, and 3 = severe symptoms. Bowel
activity and marked intestinal adherence would lead to promovements were scored as 0 = none; 1 = 1 stool; anct:2 =
longed intestinal survival of this organism in volunteers with astools. Stool consistency was scored as >0 = normal or firm,
normal gastric pH, in individuals with gastric hypochlorhydria, 1 = loose, and 2 = watery. The number of points for each cate-
or in both, and would result in a lactose-intolerant-individualgory was totaled to determine the overall degree of symptoms.
becoming lactose tolerant.

ojumoq

Experimental protocol

All subjects who met the inclusion criteria underwent a 4-h§.

SUBJECTS AND METHODS breath-hydrogen screening after ingesting 20 g lactose. Only ong
subject was excluded during the screening process, because ofa
previous history of intestinal resection. Of the 42 subjects ful-p

People who believed that they were lactose intolerant werélling the entry criteria, 24 (57% of screened subjects) wereS
recruited through advertisements at the Jean Mayer US Depardetermined to have lactose maldigestion. The 18 subjects (43@
ment of Agriculture Human Nutrition Research Center on Agingof screened subjects) who did not have lactose maldigestiogﬁ
at Tufts University and in a Boston newspaper. The criteria usediere not evaluated further. Eighteen of the 24 subjects (6 meg
to recruit patients with self-reported lactose intolerance were aand 12 women aged 39# 4.0 y) confirmed to have lactose &
follows: 1) subjects had reported one or more of the followingmaldigestion agreed to participate in the full study protocol; the2
symptoms after ingestion of milk or other dairy products:other 6 chose not to participate because of concerns about pote‘%-
abdominal bloating, gas, abdominal pain or discomfort, and diartial discomfort from gastrointestinal intubations. 2]
rhea, anc?) subjects had eliminated milk and other dairy prod- Subjects who met the screening criteria for lactose maldigesS
ucts from their diets. Potential participants had to be free ofion were randomly assigned to the non-omeprazole-treate§
intrinsic factor antibodies and had to have normal hematologigroup (3 men and 7 women) or the omeprazole-treated group (3
indexes (white blood cell counts, hemoglobin, hematocrit, meamen and 5 women). Omeprazole (Prilosec; Merck and Co, Incﬁ
corpuscular volume, and platelet counts), normal serum albumiklVestpoint, PA) was administered in a dosage of 40 mg once peR
concentrations, and normal results from tests of liver (alkalineday for 7 d to the omeprazole-treated group before the baselin®
phosphatase, total bilirubin, and transaminases) and kidnegreath-hydrogen tests and then was continued for the duration of
(blood urea nitrogen and creatinine concentrations) functionthe study. There was no placebo used and the study design was
Subjects were excluded if they had had gastric or intestinahot blinded. All subjects were admitted to the Metabolic Research
surgery; drank excessive amounts of alcohol; had peptic ulcadnit of the Jean Mayer US Department of Agriculture Human
disease, a small-intestinal disorder, or pancreatic disease; otutrition Research Center on Aging at Tufts University for study.
were taking diazepam, jtblockers, antipyrine, phenytoin, war- After an overnight fast, all subjects underwent an 8-h breath-
farin, or theophylline. Subjects were given a stipend for theithydrogen test after ingesting 20 g lactose. Questionnaires on
participation in the study. We obtained written, informed consensymptoms were completed at the conclusion of the breath test.
from all subjects under the guidelines established by the Huma@n day 2, after an overnight fast, all subjects began ingesting the
Investigation Review Committee of the New England Medicalcontents of vials containing liveactobacillus acidophilus
Center and Tufts University, Boston. BG2FO4 (1x10% organisms/vial) twice per day. Ten subjects (6
in the non-omeprazole-treated group and 4 in the omeprazole-
treated group) agreed to undergo gastrointestinal intubations.

The ability of the study participants to digest lactose waslwelve hours after the ingestion ofLactobacillus acidophilus
determined by measuring their end-alveolar hydrogen concentr&G2FO4 vial, a mercury-weighted Entriflex tube (Bioresearch
tions 30 min after and then hourly for 4 h after ingestion of 20 gMedical Products, Inc, Somerville, NJ) fused to a Cecar pH
lactose and 100 mL water. The concentrations of hydrogen andicroelectrode (Monocrystant Model 91-0011; Synectics Med-
carbon dioxide in breath samples were analyzed by gas chrazal, Stockholm) was passed into the stomach. The pH electrode
matography (Microlyzer gas analyzer, model DP; Quintronwas attached to a pH meter (Synectics Digitrapper Mark lI;
Instruments, Milwaukee). Changes in breath-hydrogen concerSynectics Medical) and the output was continually measured.

Subjects

Lactose digestion
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The tube was then advanced to the area of the ligament of Treitiates by DC Walker in the laboratory of Todd Klaenhammer at
and an intestinal fluid sample was obtained for bacterial cultureNorth Carolina State University.) Total DNA was digested with
Placement of the tube was confirmed by fluoroscopy. the restriction enzyme SMAI and separated in agarose under the

The tube was withdrawn into the stomach and a pentagastriiollowing conditions: 22 h, 200 V, and 1-20-s switching times.
stimulation test was performed (Peptavlon; Ayerst Laboratoriesidentification of a lactobacillus isolate dsactobacillus aci-
York, NY). We judged hypochlorhydria to be present when thedophilusstrain BG2FO4 required an SMAI pattern identical to
peak acid output (PAO) after pentagastrin stimulation was <2.6hat of knownLactobacillus acidophiluBG2FO4 organisms.
mmol/h and the maximal acid output (MAO) was <1.0 mmol/h.
Basal acid output (BAO), PAO, and MAO were calculated from
gastric fluid aspirate collections. Stool samples were obtained Differences in changes in the area under the curves (trape-
during the 7-dLactobacillus acidophilusBG2FO4 treatment zoidal rule) for breath-hydrogen concentrations between the
period for bacteriology studies. omeprazole-treated and untreated subjects were evaluated by

After 7 d of ingestion ot.actobacillus acidophiluB8G2FO4  using repeated-measures analysis of variance (ANOVA). Gastric
and after an overnight fast, subjects ingested 20 g lactose aratid secretory characteristics were compared by using the Mann-
then an 8-h breath-hydrogen test was performed. Th&dasb- WhitneyU test because within-group SDs differed by an order of
bacillus acidophilusBG2FO4 vial had been administered 12 h magnitude and levels reached zero in some omeprazole-treated
before the start of this breath test. At the conclusion of thesubjects, precluding the use of a simple power-family transfor-
breath-hydrogen test, questionnaires about symptoms were agaimtion. SYSTAT version 5.0.3 (SPSS Inc, Chicago) was used for
completed. the analyses. The data are expressed as megagd/s.

Statistics

Microbiology

moQ

Lactobacilli were maintained in 1-mL vials of skim milk at RESULTS
—80°C. They were thawed immediately before use and not The breath-hydrogen concentrations of the original 42 sub&
refrozen. The number of viable lactobacilli was determined by sefjects with self-reported lactose intolerance after ingestion of 20
ial 10-fold dilution in phosphate-buffered saline (PBS; 0.8%, O0.llactose are shown iRigure 1. The 24 subjects whose breath- =
mol/L, pH 7.2), and 0.1-mL aliquots were spread evenly on lactohydrogen concentrations increased/ppm were classified as S
bacilli-selective (LBS) agar (BBL, Cockeysville, MD). Plates were having lactose maldigestion. The 18 subjects whose breathy.
incubated anaerobically at 37 for 48 h and then colony forming hydrogen concentrations increased by <6 ppm were classified &%
units (CFUs) were estimated. All vials were kept&0°C until 1 lactose digesters. Results of the gastric secretory tests (BACf;
h before their administration to the study participants. The numbeviAO, and PAO) of the subjects who volunteered for gastroin-=
of organisms per vial was confirmed toshex 10, testinal intubation are shown ifable 1. All nhon-omeprazole-

The number of CFUs per liter in the intestinal aspirates andreated subject\(= 6) had normal gastric secretory abilities and &
stool specimens was obtained by serial dilutions (1:10) in sterilall omeprazole-treated subjects £ 4) were confirmed to have &£
0.1 mmol PBS/L through the 10th dilutior10'9). After being  hypochlorhydria as measured by BAO, MAO, and PAO.
mixed, a 0.1-mL aliquot of each dilution was placed on 2 sets of Breath-hydrogen concentrations in the non-omeprazole£
blood agar plates. One set was incubated in an anaerobic chatneated group before and 12 h afteactobacillus acidophilus
ber (5% carbon dioxide, 10% hydrogen carbon monoxide, an8G2FO4 ingestion for 7 d, after ingestion of 20 g lactose, are§

w

O"uoll

anb

uo

85% nitrogen) for determination of anaerobes and the other N
placed in a jar containing carbon dioxide for determination 30 i
facultative anaerobes at 37 for 48 h. ¢

Intestinal aspirates as well as stool samples were analyzec 25 | @

lactobacilli. Intestinal aspirates and stool specimens were ple
on LBS agar and incubated anaerobically and in carbon diox
at 37°C for 48 h to determine the number of lactobacilli. TF
number of viable lactobacilli was determined by counting tl
LBS plates. Verification of the identity of the colonies was dete
mined by Gram staining and then inoculating the presunaed
tobacillus acidophilusBG2FO4 colonies to MRS (de Man,
Rogosa, Sharpe) broth (Difco Laboratories, Detroit) and inc
bating them anaerobically for 48 hactobacillus acidophilus
BG2FO4 grows heavily in the MRS broth and settles at the b
tom, resulting in a clear supernate. Colonies that grew in
MRS broth were selected for biochemical testing with the api 04 ,—*“?IH
CH system (Biometrieux, Hazelwood, MO). This system is us 0

to determine sugar fermentation patterns, by using 50 differ Time (h)

sugars, and to speciate latobacilli.
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FIGURE 1. Mean & SEM) changes from baseline (fasting) in breath-

fln addt;tlo_rlll, COIOU(IjeS mth a bIOChemlgal profllt;\ Slrr?”ar to _thi hydrogen concentrations of 42 subjects after ingestion of 20 g lactose.
of Lactobacillus acidophiluBG2FO4 underwent further testing Twenty-four subjects had lactose maldigestion as evidenced by a sizable

to confirm whether the lactobacilli were of thactobacillus aci-  jncrease (all >6 ppm) in breath-hydrogen concentratiols (hereas

dophilusBG2FO4 strain. (Pulsed-field gel electrophoresis fil 18 subjects had no increase in breath-hydrogen concentrations and could
gerprint analyses were kindly performed on the lactobacilli is  digest lactose@®).
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TABLE 1 BG2FO4 with and without omeprazole treatment are shown in
Gastric acid secretory characteristics of non-omeprazole-treated and ~ Table 3. Nine subjects (6 in the non-omeprazole-treated group
omeprazole-treated subjelcts and 3 in the omeprazole-treated group) underwent gastrointesti-
Non-omeprazole-treated ~ Omeprazole-treated Nal intubations to obtain intestinal aspirates. As expected, sub-
subjects 1f = 6) subjectsif = 4) jects treated with omeprazole had significantly greater upper
Basal acid output 069017 0.003+ 0.003 gastrointes.tinal bgcterial overgrowth than non-omeprazole-
(mmol-HCI 1. hY) treated subjects. Viableactobacillus acidophiluBG2FO4 was
Maximal acid output 10.96 2.4 0.72+0.37 recovered in stool samples from 7 subjects (4 in the omeprazole-
(mmol-HCI-hY) treated group and 3 in the non-omeprazole-treated group), none
Peak acid output 15.704.4C 1.13+0.59 of whom were in the group that underwent gastrointestinal intu-
(mmol-HCI-h™Y) bation. Viable Lactobacillus acidophilusBG2FO4 was not
1¥ + SEM. recovered in intestinal aspirates. Stool lactobacilli were con-
23gjgnificantly different from omeprazole treated (Mann-Whitey  firmed to belLactobacillus acidophiluB8G2FO4 by pulsed field
test):2P < 0.010,°P < 0.011. gel electrophoresis fingerprinting.

shown inFigure 2; those for the omeprazole-treated group arePISCUSSION
shown inFigure 3. In the non-omeprazole-treated group, the total Although the organisms that make up the live cultures in
area under the curve at baseline (328 ppm/h) was not signifi- yogurt are recognized to have lactase activity and contribute to
cantly different (P= 0.47) from that afteltactobacillus acidophilus  the digestion of lactose, their length of survival is short and, typ-
BG2FO4 treatment (148 16 ppm/h). In the omeprazole-treated ically, significant numbers survive for <60 min (4-6). The pri-

group, the total area under the curve was not significantly differennary factors that limit the survival of lactobacilli within the

(P =0.19) for the baseline test (£4.1 ppm/h) compared with after upper gastrointestinal tract are gastric acid and the inherent abik
Lactobacillus acidophiluBG2FO4 treatment (154 48 ppm/h), ity of the organisms to adhere to intestinal epithelial cells (10).§.
although the posttreatment breath-hydrogen curves tended to bactase activity in yogurt was shown to drop by >80% at a pH=
higher. The posttreatment breath-hydrogen curves would have beefi5.0 in an in vitro model (11). In addition, long-term feeding of S
lower if ingestion of Lactobacillus acidophilusBG2FO4 had yogurt does not result in any significant change in the results o

O
<]
=

resulted in effective lactose digestion. breath-hydrogen tests, indicating the absence of any significar
Gastrointestinal symptoms after lactose ingestion before androlonged intestinal survival by the yogurt organisms (6). E
after treatment withLactobacillus acidophilusBG2FO4 are We sought to measure the potential prolonged survival of ag*:

shown inTable 2. Overall, there were no significant changes unique strain ofLactobacillus and whether its long survival 2
from baseline in gastrointestinal symptoms (individual symptomwould result in a change in subjects from a lactose-intolerant t&

scores or total scores) after treatment widictobacillus aci-  a lactose-tolerant state. Therefore, taetobacillus acidophilus £
dophilusBG2FO4 organisms. BG2FO4 strain was selected for use in this study because it h%
Bacterial concentrations (CFU/L) of intestinal aspirates and 2]
stool samples in subjects treated withctobacillus acidophilus 60 S
£
Q
<
60 M 50 _ }’8
N
=
50 o
E 40 ]
o
£ 40 =
= .
g § 30
(=}
g 30 S
S T 20
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I 20
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FIGURE 3. Mean & SEM) changes from baseline (fasting) in breath-
FIGURE 2. Mean & SEM) changes from baseline (fasting) in breatt hydrogen concentrations of 8 lactose-maldigesting, omeprazole-treated
hydrogen concentrations of 10 lactose-maldigesting, non-omepraz: subjects before®) and 12 h after ((Jtreatment for 7 d withLacto-
treated subjects befor®] and 12 h after{)) treatment for 7 d withac- bacillus acidophilusBG2FO4 after ingestion of 20 g lactose. Both
tobacillus acidophilusBG2FO4 after ingestion of 20 g lactose. Botl groups of subjects had significant increases from baseline in breath-
groups of subjects had significant increases from baseline in brei hydrogen concentrations; concentrations posttreatment tended to be
hydrogen concentrations. higher than those before treatment, although not significantly so.
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TABLE 2
Gastrointestinal symptoms in people with lactose intolerance before and after ingestion of 20y lactose
Abdominal Abdominal distention Flatulence Bowel Stool Total score

Group pain (0-3) and bloating (0-3) (gas) (0-3) movements (0-2) consistency (0-2) (0-13)
Non-omeprazole-treated € 10)

Baseline 1.:0.2 1.4+ 0.3 1.9+ 0.3 0.8£0.3 0.8£0.4 5.2+ 0.7

Posttreatment 0.60.2 1.1+ 0.2 1.4+ 0.2 0.9+ 0.1 0.5+ 0.2 4.4+ 0.5
Omeprazole-treatech £ 8)

Baseline 1.2204 1.6£0.3 2.1+ 0.2 1.0+ 0.2 1.4+ 0.2 7.0£1.1

Posttreatment 1.20.2 1.1+ 0.3 1.7£0.3 0.7+ 0.3 1.0£0 52+1.1
Combined groupsn(= 18)

Baseline 1.1%+0.2 1.5+ 0.2 2.0£0.2 0.9+ 0.2 1.2+ 0.2 6.1+ 0.7

Posttreatment 0.9+0.2 1.1+ 0.2 1.6+ 0.2 0.8£0.2 0.7£0.1 4.8+ 0.6

1X + SEM. Ranking of gastrointestinal symptoms is described in Methods. There were no significant differences between baseline and posttreatmel

values.

high B-galactosidase activity (7). In addition, the intestinal We found thatLactobacillus acidophilu88G2FO4 survived
adherence oLactobacillus acidophiluBG2FO4 in an in vitro  passage through the entire gastrointestinal tract, as evidenced by
model of human intestinal cells was the highest of 21 strains ahe presence of viable Lactobacillus acidophiB&2FO4 in
human lactobacilli tested (7). stool samples from 7 of 16 subjects. Howel@ctobacillus aci-

We further increased the chances for prolonged intestinal sudophilusBG2FO4 was not detected in the upper intestine 12 hg
vival by eliminating gastric acid production in the omeprazole-after ingestion, despite the avid properties of intestinal adherencg
treated group, as would be commonly found in elderly personsf this organism and the lack of gastric acid in the omeprazoles
with atrophic gastritis. Atrophic gastritis occurs in 20-30% oftreated group. This was reflected by the lack of improvement in‘éi
healthy, elderly people and is the most common cause of reducederall breath-hydrogen excretion or changes in symptom scoré_éh
gastric acid secretion (12, 13). The lack of gastric acid ofterafter lactose ingestion. Subjects with viallactobacillus aci-
leads to bacterial overgrowth in the upper intestinal tract (14)dophilusBG2FO4 in stool samples had breath-hydrogen conceng
Treatment with omeprazole, a potent inhibitor of gastric acidtrations and symptom scores that were similar to those of th8
secretion that alters the activity of*M*-adenosine triphos- other subjects.
phatase, induces a clinical state similar to atrophic gastritis with Negative data always raise the question of a type 2 StatIStIC%‘
hypochlorhydria and frequent bacterial overgrowth (14—-16). Weerror, and the variability of our subjects’ responses did not elim-2
used omeprazole in this study to heighten the chances of survivalate this possibility; however, we believe that it was unlikely &
of Lactobacillus acidophiluBG2FO04 and3-galactosidase dur- because 11 of 18 of our subjects actually had an increase in breatB-

wiol

lnu

ing passage through the stomach. hydrogen excretion after treatment withctobacillus acidophilus ‘%
2]
TABLE 3 S
Bacterial concentrations of gastric and intestinal aspirates and stool samples in subjects trebsedobvébillus acidophiluBG2FO4 with and without §
omeprazole treatment ~<N
Intestinal Intestinal Intestinal Stool Stdadctobacillus ‘i
Subjects aerobes anaerobes lactobacillus lactobacillus acidophilusBG2FO4 g
CFUI/L
Non-omeprazole-treated subjects
1 1.0 X10° 1.0x 10° 0 ND ND
2 1.0x 10° 2.0x 10° 0 ND ND
3 4.0x 10 5.0 x 10 0 0 0
4 1.0x 10° 0 0 3.0 10% 0
5 1.0x 10° 0 0 3.8x 10 0
6 0 0 0 0 0
7 ND ND ND ND 0
8 ND ND ND ND 5.0x 10°
9 ND ND ND ND 5.0 X 107
10 ND ND ND ND 8.0 X 10
Omeprazole-treated subjects
1 1.0 X10 3.0x 10 0 3.0x 10t 0
2 3.0x 10w 1.0 x 10%° 40X 10° 2.0x 10%° 0
3 0 3.0x 1¢° 3.0x 1P 1.8x 107 0
4 ND ND ND ND 3.7X 10%?
5 ND ND ND ND 1.9x 10"
6 ND ND ND ND 4.0 x 10%
7 ND ND ND ND 0
8 ND ND ND ND 2.0 X 10

1Zero values indicates 10° CFU/L. CFU, colony-forming units; ND, not determined.
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BG2FO4 rather than a decrease (Figure 3), which would havmaldigestion with and without hypochlorhydria failed to result
been expected if our treatment had resulted in effective lactose any significant overall improvement in hydrogen production
digestion. In addition, regardless of how we analyzed the data—after lactose ingestion. The strategy of changing the enteric
original scale or logarithmic scale, repeated-measures ANOVA oflora in the upper gastrointestinal tract to change an upper
analysis of covariance—the results showed no significant differintestinal condition such as lactase deficiency does not appear
ences. Repeated-measures ANOVA of the raw areas under the be effective.

breath-hydrogen curves gave the followiRgvalues: group-by-
time interaction (0.234), group (0.489), and time (0.094).

Many people experience abdominal symptoms after foo
ingestion, including diarrhea, bloating, and flatulence. Although 1-
these symptoms commonly occur because of lactose maldiges-
tion, they are not specific for lactose maldigestion. It has been
suspected that many people who believe that they are intoleran
of lactose-containing dairy products actually can digest lactose
and have either normal postprandial sensations or other causes of
abdominal discomfort (17, 18). 4.

Although food ingestion causes many people to subsequently
experience adverse abdominal symptoms, it is difficult to discerns,
which component (if any) of the diet is responsible for the symp-
toms. Because lactose maldigestion is a common and well-recog-
nized clinical entity, lactose maldigestion is frequently blamed for 6.
postprandial gastrointestinal symptoms (19). However, there is a
large placebo effect that may account for improved symptoms in
those who undergo dietary manipulations. In our study, we also eval-
uated whether patients with self-reported lactose intolerance actually
had lactose maldigestion, as determined with the breath-hydrogen
test. We found that 18 of 42 subjects (43%) with self-reported lactose
intolerance actually did not have lactose maldigestion. We used the
4-h breath-hydrogen test as a screen for lactose maldigestion because
it has been shown that virtually all lactose maldigesters will be g,
detected within this time period (20, 21).

Suarez et al (22) performed a randomized, placebo-controlled,
double-blind, crossover study of gastrointestinal symptoms inl0.
subjects with self-reported severe lactose intolerance. They found
that people who considered themselves severely lactose-intoler-
ant mistakenly attributed a variety of abdominal symptoms to lac11:
tose intolerance, including 9 of 30 subjects (30%) who did not
have lactose maldigestion on the basis of the breath-hydrogen
test. It is possible that our results may have underestimated t
prevalence of lactose maldigestion because we measured only
hydrogen and not methane production, and some of our subjects
may have only produced methane. However, in the study byz
Suarez et al, all subjects found to be lactose digesters on the basis
of the breath-hydrogen test produced hydrogen after ingestion of
lactulose. It is estimated that the prevalence of non-hydrogen-prat4.
ducing subjects due to methanogenic colonic flora is nearly nil to
>10%, with most studies suggesting that the most people are
hydrogen producers (23). Thus, we suspect that few if any of thé>-
subjects in our study with normal results on the breath-hydrogen
test were actually lactose maldigesters because they had on f/
methane-producing colonic flora.

We conclude that lactose intolerance is overreported by sub-
jects with gastrointestinal symptoms after lactose ingestion. We
investigated the strategy of using organisms @itgalactosi- 17
dase activity to colonize the upper gastrointestinal tract and to
potentially convert a lactose-intolerant subject to a lactose-tol-
erant one. The study was designed to optimize the chances fag.
an effective strategy by using subjects with hypochlorhydria and
organisms with avid intestinal adherence properties combined
with high B-galactosidase activity. However, ingestionLafc- 19.
tobacillus acidophilu8B8G2F0O4 for 7 d in subjects with lactose

7. Kleeman E, Klaenhammer T. Adherencd.attobacillusspecies to

8. Strocchi A, Corazza G, Ellis CJ, Gasbarrini G, Levitt MD. Detection 5
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