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ABSTRACT

Twenty years ago, there was profound, international interest in developing oral human, bovine, or chicken egg–derived immunoglobulin (Ig) for

the prevention and nutritional treatment of childhood malnutrition and gastrointestinal disease, including acute diarrhea and necrotizing

enterocolitis. Although such Ig products were shown to be effective, with both nutritional and antidiarrheal benefits, interest waned because of

their cost and because of the perceived risk of bovine serum encephalitis (BSE). BSE is no longer considered a barrier to use of oral Ig, because the

WHO has declared the United States to be BSE-free since the early 2000s. Low-cost bovine-derived products with high Ig content have been

developed and are regulated as medical foods. These new products, called serum bovine Igs (SBIs), facilitate the management of chronic or

severe gastrointestinal disturbances in both children and adults and are regulated by the US Food and Drug Administration. Well-established

applications for use of SBIs include human immunodeficiency virus (HIV)-associated enteropathy and diarrhea-predominant irritable bowel

syndrome. However, SBIs and other similar products could potentially become important components of the treatment regimen for other

conditions, such as inflammatory bowel disease, by aiding in disease control without immunosuppressive side effects. In addition, SBIs may be

helpful in conditions associated with the depletion of circulating and luminal Igs and could potentially play an important role in critical care

nutrition. The rationale for their use is to facilitate intraluminal microbial antibody coating, an essential process in immune recognition in the gut

which is disturbed in these conditions, thereby leading to intestinal inflammation. Thus, oral Ig may emerge as an important “add-on” therapy for

a variety of gastrointestinal and nutritional problems during the next decade. Adv Nutr 2016;7:535–43.
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Introduction
Previous studies have looked at the effects of several products,
including human purified Igs given orally, human and bovine
colostrum (BC)4, hyperimmune egg yolk (HEY), and porcine
and bovine plasma-derived protein concentrates (PPC), for
the prevention and nutritional treatment of childhood malnu-
trition and gastrointestinal disease. Two decades ago, a study
focused on colostrum or Ig derived from colostrum as primary

or adjunctive treatments for human diseases (1–4). BC con-
tains between 3% and 25% IgG, compared with human colos-
trum, which contains ;2% IgG (5).

Highly purified Ig preparations from bovine or porcine
sources have recently begun to be intensely investigated for
the nutritional management of several human diseases. PPCs
are commonly added to the diets of several breeds of domes-
tic piglets and calves to prevent weanling diarrhea (6–8).
PPC products are prepared from blood obtained in abat-
toirs, concentrated by filtration and ultrafiltration, exposed
to an anticoagulant, and processed to yield a spray-dried
powder (9). Serum bovine Ig (SBI) is a newer product, pu-
rified via a series of shifts in pH and specific salt additions
aimed to increase the concentration of Igs (10, 11). A recent
meta-analysis showed that PPCs added to animal feed increased
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weight gain, food intake, and weight gain per calorie con-
sumed in several domestic species, specifically pigs, cows,
and turkeys (12).

SBI. One commercial PPC preparation, intended for human
use, was the subject of several recent clinical trials. This SBI
product contains >50% IgG, 5–7% IgM, but <1% IgA (13, 14).
Each packet of this SBI product provides 5 g of Ig, some of
which can be recovered in active form from the stool of most
patients who take it, indicating its stability in the human di-
gestive tract (15). For the purpose of comparison, an 80–90-kg
human secretes;4.5 g IgA/d into the intestine. The US FDA
regulates this commercially produced SBI for the physician-
directed management of enteropathy in patients with HIV-
associated enteropathy and diarrhea-predominant irritable
bowel syndrome (16). Mechanisms of action of these pro-
ducts that could potentially therapeutically benefit adults
and children with critical illnesses are discussed in the next
section.

Colostrum. Colostrum has also been a popular Ig product in
alternative medicine. Oral BC from hyper-immunized cattle
protected children against rotavirus infection in one study
(17). Lactobin, an Ig concentrate pooled from normal colos-
trum, was found to have antibody activity against surface an-
tigens such as flagellin from Yersinia enterocolitica and cell wall
antigens fromCampylobacter jejuni (18). Lactobin was initially
reported to cure a prolonged cryptosporidial diarrheal illness
in a 4 y old with HIV infection (19). Furthermore, BC has
been extensively studied in preclinical trials in preterm piglets
and was shown to have beneficial effects on formula-fed piglets,
with improved intestinal mucosal architecture and permeability
(20). Clinically, BC prevented necrotizing enterocolitis (NEC)
in preterm piglets (21). In addition, BC appeared to reduce
diarrheal severity in children infected with enterohemorrhagic
Escherichia coli (22). However, since 2000, to our knowledge,
there have been few published studies of colostrum for the

prevention of NEC or treatment of diarrheal diseases. The
quality and manufacturing of colostral products are not reg-
ulated as medical foods. Ig content of BC is quite variable; it
may reach concentrations as high as 30 g/L IgG, but only if
collected in the first 24 h postpartum (23). BC is listed by
manufacturers as possibly effective for HIV-associated diar-
rhea, but there is insufficient evidence for its use as an en-
ema for ulcerative colitis (UC) (24). Most online sources
advertise this supplement for “gastrointestinal health,” “im-
mune function,” and “athletic performance.”

Mechanism of Action
Proposed mechanisms of action for oral Ig products are
shown in Figure 1.

Pathogen elimination, toxin exclusion, and gut barrier
function. A previous study by Hunt et al. (25) investigated
a PPC product in piglets infected with the protozoan Cryp-
tosporidium parvum, a major enteric pathogen in humans
with HIV infection. In infected animals receiving oral bo-
vine serum concentrate (BSC), peak diarrheal volume and
intestinal permeability were improved by 33%; fewer cryp-
tosporidial oocysts were shed; and villous surface area re-
turned to normal more rapidly after infection (all P = 0.05
compared with infected controls) (25).

In another study, weaned pigs were challenged with en-
terotoxigenic E. coli K88, to investigate whether SBI could
improve growth, enhance immune defense, and reduce in-
testinal inflammation (26). When compared with those on
a diet based on fish protein, enterotoxigenic E. coli–infected
pigs fed PPC showed higher daily weight gain, less intestinal
mucosal damage, milder inflammatory cell infiltration, and
reduced expression of proinflammatory cytokines. On the
other hand, in a study of human infants with E. coli–associated
diarrhea, oral administration of bovine milk concentrate
from cattle immunized with E. coli did not alter stool

FIGURE 1 Proposed mechanisms of action
of oral Ig SBI. (1) SBI binds luminal bacteria and
their endotoxins (LPS), providing a level of
immune exclusion. (2) Reduced transepithelial
antigen absorption across the small and/or
large intestine has been linked to reduced
immune activation, including effects on B
cells, T cells, and macrophages. (3) SBI may
interact with healthy commensals to induce
tolerogenic DCs. Shown is a tolerogenic DC
signaling to CD4+ helper T cells, which are
known to communicate with Treg/Tr1 cells to
produce anti-inflammatory cytokine IL-10.
Immune homeostasis may reduce production
of pro-inflammatory cytokines such as TNF-a
and would increase production of IL-10. CD4+,
cluster of differentiation 4; DC, dendritic cell;
LP, lamina propria; SBI, serum-derived bovine
Ig; Treg, Foxp3+ regulatory T cell; Tr1, Foxp32

IL10-producing regulatory T cell.
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output, even though this preparation had been found to be
effective in preventing E. coli–associated diarrhea (27).

Mechanistic studies of SBI have looked at its effects on
the permeability of the small intestine. After exposure to
Staphylococcus aureus enterotoxin B, rat gut permeability to
horseradish peroxidase (molecular weight 40 kDa) was re-
duced by dietary addition of SBI (28). Piglet studies have
also shown gut barrier improvement after PPC feeding. In
those studies, PPCs reduced lamina propria white blood
cell numbers in the colon as well as tissue levels of IFN-g
and TNF-a. The reduction in inflammatory mediators
was associated with reduced ileal and colonic permeability
(29). In an in vitro model of intestinal barrier restitution
measured by epithelial cell wounding and migration, we
found that cultured intestinal cells migrated to cover ulcer-
ated surfaces much more rapidly when SBI was added to the
culture medium (30). However, to our knowledge, improve-
ment in gut barrier function has not been investigated in
human randomized controlled trials.

Anti-inflammatory effects in the intestine. Children with
Ig deficiencies are prone to infections that can be the precur-
sors of chronic inflammatory conditions. Examples include
celiac disease in patients with selective IgA deficiency (31)
and UC in children with common variable immunodefi-
ciency (32). On a similar note, a majority of children with
very early–onset inflammatory bowel disease (IBD) (begin-
ning in the first 6 y of life) have been found to have immune
defects (33).

In a model of immunodeficiency-mediated IBD induced
by a knockout of theMDR1a gene, mice fed SBI had reduced
gut permeability, increased gut E-cadherin and zonula
occludens-1 expression, and reduced tissue levels of TNF-
a and IFN-g (34). The immune exclusion occurred as SBI
(#50 g/L) bound free antigen in a dose-dependent manner.
In addition, SBI was found to bind these proinflammatory
bacterial cell wall components (LPS and Lipid A) and pre-
vent immune activation in an intestinal coculture model
(35).

In a mouse model of colitis induced by E. coli dextran so-
dium sulfate, mice were supplemented with either SBI or hy-
drolyzed collagen (as a control). As inflammation developed
in the gut, SBI was found to improve histological inflamma-
tion, cytokine (IL-6) levels, and chemokine chemokine (C-C
motif) ligand 5 levels in the cecum. In addition, the authors
found an improvement in the circulating concentration of
intestinal fatty acid binding protein-1, an index of damage
to the villus tips of the ileum and cecum (36).

In humans, SBI improved duodenal mucosal cluster of
differentiation cell surface markers 4 (CD4) T helper lym-
phocyte counts and duodenal absorptive function in pa-
tients with HIV enteropathy (37).

Shifts in the gut microbiota and their metabolic pro-
ducts. Active investigation is just beginning to focus on
whether oral Igs affect the intestinal microbiota composition.
Secretory IgA is known to protect the intestinal epithelium

against colonization and/or invasion by binding antigens on
pathogens or commensals in the luminal mucus layer. In fact,
about 50% of the human resident microbiota is coated with
host antibody (38). The microorganism is thereby sur-
rounded by a hydrophilic shell, which is repelled by the ep-
ithelial glycocalyx, providing immune exclusion of bacteria.
Immune exclusion not only protects the epithelium from in-
vading pathogens, but it also plays an important role in
maintaining gut homeostasis by preventing overgrowth of
commensal microflora (Figure 1) (39).

The relation between our human microbial community
and the secretory antibodies that we produce against them
is collaborative and bidirectional. Germ-free animals have
a 90% reduction in mucosal IgA-secreting cells, whereas
IgA-deficient hosts have a pathological overgrowth of orga-
nisms that drive inflammation in the intestine, raising Ig
levels and producing systemic autoimmunity (40). As an ex-
ample, the “activation-induced cytidine deaminase knock-
out” mouse model has been used to demonstrate that
secretory IgA is critical for regulating bacterial communities
in the gut lumen. The absence of IgA in the lumen of
activation-induced cytidine deaminase knockout mice leads
to an excessive anaerobic expansion in all segments of the
small intestine, and among the expanded anaerobes, aggres-
sive proinflammatory segmented filamentous bacteria were
predominant (41).

To date, we are aware of only one study of the effect of SBI
on the fecal microbiota in humans. In a group of patients
with HIV-associated enteropathy who were treated with
SBI, proinflammatory g-proteobacteria decreased from 0.70%
to 0.12% of the total microbial population. Clostridium
(genus) decreased from 6.5% to 3.4% in the stool and cor-
related with duodenal cluster of differentiation cell surface
markers CD3+/CD4+ cell density in the lamina propria
of biopsy samples. Ruminococcus and the bacteroidetes-
to-firmicutes ratio increased in most SBI-treated subjects.
Changes in the gut microbiota found in this HIV study
also correlated with local lymphocyte populations, which
increased significantly with short-term SBI administration
over 8 wks (42).

Uses of Oral Igs in Adult Gastrointestinal
Disorders
Human studies of oral Igs are summarized in Table 1.

HIV enteropathy. Oral Ig treatment has been shown to be
useful in the management of HIV enteropathy. An open-
label study of 8 subjects with HIV-associated enteropathy,
who took 2.5 g SBI twice daily for 8 wk after a 4-wk washout
period, showed that SBI was associated with important re-
ductions in the number of bowel movements per day, im-
provement in stool consistency, and increase in intestinal
mucosal CD4 lymphocyte counts. Although serum levels
of intestinal-fatty acid binding protein, a marker of entero-
cyte damage, first increased in 7 of 8 subjects after 8 wk of
treatment, it ultimately declined to less than the baseline
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level in 4 of 5 patients who opted to continue taking the SBI
during an optional 9-mo extension study (37).

IBD. The potential utility of oral SBI in the management
of IBD has also recently been suggested. A 2015 single-
center retrospective chart review of 45 adults with Crohn
disease and 38 with UC, with symptoms refractory to tra-
ditional pharmacologic IBD treatment, looked at outcomes
for individuals who received 5 g SBI/d as a nutritional ad-
junct for 12 wk. Shafran et al. (46) reported that 49% of
patients had clinical improvement at week 1 and 76% after
12 wk of treatment. No side effects were reported. These
patients were 3 times more likely to report improvement
in symptom scores with SBI added to their management.
Similarly, a smaller case review of 7 patients with IBD, 3
with UC, and 4 with Crohn disease, with inadequate re-
sponse to conventional pharmacologic treatment, reported
that the UC patients taking SBI had resolution of rectal
bleeding, urgency, and/or nocturnal incontinence, whereas
the Crohn disease patients had weight improvements, de-
creased ileostomy output, and/or reductions in the require-
ment for other drugs (47). Another case report describes
2 patients with refractory colitis (56-y-old female with is-
chemic colitis, 26-y-old male with UC), who had symptom
improvement after 4–8 wk of SBI being added to their
treatment regimens, with endoscopic resolution of colitis
lasting at least 1 y following the addition of SBI (54). Note

that none of these studies were large, multicenter, or placebo
controlled.

Following major surgery. The concentrated bovine colos-
tral product Lactobin was studied as a treatment for patients
after abdominal surgery (gastrectomy or pancreatic resec-
tion) to see if they had improved recovery or reduced endo-
toxin levels in the blood (52). The study did not show
a clinical benefit, although inflammatory biomarker C-
reactive protein levels were lower in treated patients compared
with the placebo-treated controls. Another study of the
same product in 60 adults who had coronary artery bypass
surgery, showed that postoperative endotoxemia was not
reduced by Ig-enriched colostrum, although C-reactive pro-
tein levels were again lower in the colostrum-treated group
(53).

Potential Applications of Oral Ig in Pediatric
Gastrointestinal Diseases and Critical
Care Therapy
Malnutrition. One pediatric study suggested that SBI can aid
in recovery from severe malnutrition. In a 1997 study (44), 10
young Peruvian children (9–25 mo) recovering from severe
protein-energy malnutrition were given 3 sequential, ran-
domly ordered masked study diets, each lasting 7 d. In the
2 test diets, BSC replaced either 25% or 50% of the milk pro-
tein of the control diet (rice, milk, vegetable oil, sugar). The

TABLE 1 Human studies of oral Ig1

Author,
y (reference) Product Disease Type N Result

Asmuth et al., 2013 (37) SBI HIV enteropathy Open label 8 Reduced stools, improved
consistency

Wilson et al., 2013 (43) SBI Irritable bowel syndrome-
diarrhea

RCT 66 Improved abdominal pain
and gastrointestinal
symptoms

Lembcke et al., 1997 (44) BSC Infants with malnutrition RCT 10 Increased fat absorption
Bégin et al., 2008 (45) BSC Infants with malnutrition RCT 259 No nutritional benefit
Shafran et al., 2015 (46) SBI IBD (Crohn disease, ulcera-

tive colitis)
Retrospective

case series
83 Improved symptom scores

Good and Panas, 2015 (47) SBI IBD Case series 7 Clinical improvement in 75%
Eibl et al., 1988 (1) Human IgA + IgG NEC prevention RCT 88 Reduced NEC
Rubaltelli et al., 1991 (3) Human IgG NEC prevention RCT 132 Reduced NEC
Lawrence et al., 2001 (48) Human IgG NEC prevention RCT 768 No change in NEC incidence
Guarino et al., 1994 (2) Human Ig Rotavirus diarrhea RCT 71 Reduced diarrhea, viral

shedding
Sarker et al., 1998 (4) Bovine colostrum Rotavirus diarrhea RCT 80 Reduced diarrhea, viral

shedding
Sarker et al., 2001 (49) Egg yolk Ig

(hyperimmune egg yolk)
Rotavirus diarrhea RCT 79 Reduced diarrhea, viral

shedding
Sarker et al., 2013 (50) Hyperimmune llama

antibody (antirotavirus
protein 1)

Rotavirus diarrhea RCT 176 Reduced diarrhea

Young et al., 2007 (51) Hyperimmune bovine
colostrum

Clostridium difficile diarrhea Phase 1 safety trial 77 Safe

Bölke et al., 2002 (52) Pooled colostral Ig Abdominal surgery RCT 40 Ineffective, but reduced
endotoxemia

Bölke et al., 2002b (53) Pooled colostral Ig Coronary artery bypass RCT 60 Outcome unchanged, but
C-reactive protein levels
lower

1 BSC, bovine serum concentrate; IBD, Inflammatory bowel disease; NEC, necrotizing enterocolitis; RCT, randomized controlled trial; SBI, serum-derived bovine Ig.
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fractional absorption of dietary lipid and total energy of BSC-
treated infants increased significantly in association with the
percentage of BSC ingested. There was a trend toward im-
proved nitrogen and carbohydrate absorption with increasing
amounts of BSC (16, 55).

In a 2008, randomized, controlled, interventional study
of 259 low-income, peri-urban Guatemalan children (aged
6–7 mo upon study entry and observed for 8 mo), a diet
containing BSC did not affect growth velocity, rates of in-
fection, or hemoglobin concentration (45). Potential ex-
planations were that the majority of the infants in the
study were breastfed and that BSC may be of more benefit
to those not already receiving breast milk or that a higher
dose of BSC might be necessary to improve infection rates
(16, 55).

NEC. NEC is the most common and severe gastrointestinal
illness of prematurity, affecting up to 50% of very low birth
weight infants (<1000 g). To our knowledge, there are no
published reports of oral serum-derived bovine Ig use in
the prevention of NEC in infants. However, earlier random-
ized trials investigated enterally administered human-
derived oral Ig for this purpose in low birth weight and
premature infants. In 1988, Eibl and colleagues (1) found
no cases of NEC in the first 28 d of life in 88 infants weighing
800–2000 g who received from birth 600 mg human-derived
oral IgA-IgG/d. There were 6 cases of NEC in 91 control in-
fants not receiving treatment (P = 0.01). In a subsequent
study of 132 newborns with a birth weight#1500 g or a ges-
tational age #34 wk, Rubaltelli and colleagues (3) reported,
during the first 15 d of life, 4 of 67 cases of NEC in the con-
trol group compared with 0 of 65 in the treatment group
given 500 mg monomeric IgG orally during the first 2 wk
of life. It came as a surprise when a subsequent placebo-
controlled, masked trial of infants with a birth weight <1500 g,
receiving enteral human IgG upon initiation of enteral feed-
ing, reported that 43 of 768 infants developed NEC, similar
to 41 of 761 receiving albumin placebo (P = NS) (48).

As a consequence, a Cochrane review (56) showed no
substantial reduction in the incidence of definite or sus-
pected NEC, a need for surgery, or death from NEC in
babies receiving human Ig orally. However, these studies
were subject to differences in Ig dosing, onset, and duration
of treatment, weight, and gestational age, all of which could
have affected outcome variables. Interestingly, Wolf and Eibl
(57) found in cultured human monocytes incubated with a
human IgA-IgG preparation, downregulation of TNF-a and
IL-6, important inflammatory mediators in the pathogenesis
of NEC. Studies of purified human IgA (individually, but
not with IgG) were similarly effective, raising the question
about whether the effect seen in the earlier trial by Eibl
and colleagues (1) was secondary to IgA rather than IgG.

Immunodeficiency. Parenteral Igs are commonly given to
critically ill children with various disorders associated with
either primary or secondary immune deficiency or immune
dysregulation (58). Although these children are commonly

affected by feeding intolerance, diarrhea, bacterial over-
growth, and inflammatory conditions, there are surprisingly
few promising cost-effective, supportive therapies available
for clinicians to treat these conditions. Nutritional supple-
mentation with Igs to reduce intestinal inflammation and
proinflammatory cytokine production could be quite bene-
ficial. In theory, oral administration of Igs to modulate gut
luminal and mucosal immunity would be preferable to par-
enteral administration. For example, orally administered Igs
could potentially have 1) a lower risk of stimulating a sys-
temic allergic response, 2) a decreased risk of causing human
blood-related diseases such as hepatitis, and 3) a higher ca-
pacity to inhibit endotoxin. Total parenteral nutrition in se-
verely ill children increases susceptibility to endotoxemia
and sepsis as a consequence of increased gut permeability,
whereas oral Igs may improve gut barrier function and de-
crease the absorption of endotoxins (57, 59).

Severe viral diarrhea. Rotavirus-related acute gastroenteritis
(AGE) constitutes a major health care burden in children,
especially in developing countries where the new vaccines
are less effective and less available. In severe cases, infection of-
ten requires hospitalization and critical care support. A study
by Payne et al. (60) revealed that laboratory-confirmed rotavi-
rus infections accounted for 50% of all AGE hospitalizations
and emergency department visits. Children with rotavirus-
related AGE exhibited symptoms (e.g., diarrhea, vomiting, fever,
and lethargy) with significantly greater frequency and intensity
than did those with non–rotavirus-related AGE (60). Protein
losing enteropathy (PLE) has been reported in children with
rotavirus (61) and cytomegalovirus infections (61, 62), often
resulting in Ig deficiency. Although the mechanism for PLE
development remains unclear, Wang et al. described themech-
anisms by which rotavirus infection led to enteropathy (63).

Use of Ig-based enteral therapy in rotavirus AGE has been
previously reported. A 1994 prospective, double-blind,
placebo-controlled study of oral human serum Ig given as
a single dose (300 mg/kg body weight) to 36 of 71 children
with acute rotavirus enteritis admitted to a hospital unit
resulted in both significantly reduced duration of diarrhea
(76 compared with 131 h for placebo, P < 0.01) and reduced
viral excretion (114 compared with 180 h for placebo, P <
0.01) (47). Similar results were seen in a study of 80 children
with rotavirus diarrhea randomly assigned to receive immu-
nized BC (4).

Sarker and colleagues (49) performed a randomized,
double-blind study of 79 children with rotavirus diarrhea.
The treatment group was assigned to receive either 10 g
HEY in 4 equally divided doses daily for 4 d (HEY group)
or a similar preparation obtained from nonimmunized chicken
(placebo group). The daily stool frequency and amount, oral
rehydration solution intake, and presence of rotavirus in the
stool were monitored for 4 d. Treatment with HEY improved
the symptoms of diarrhea and aided the clearance of rotavirus
from the stool (49). Recently, the same investigators assessed
the efficacy of a llama-derived, heavy-chain antibody fragment
called antirotavirus protein (ARP1), in modifying the severity

Ig in pediatric gastrointestinal disease 539



and duration of diarrhea in 176 male infants with rotavirus in-
fection. The infants were randomly assigned to groups given
oral ARP1 (15–30 mg $ kg21 $ d21, n = 88) or placebo (mal-
todextrin, n = 88) for a maximum of 5 d. The primary out-
comes were severity (i.e., stool output) and duration of
diarrhea and fecal excretion of rotavirus. There was a signifi-
cant reduction in the rate of stool output (in g $ kg21 $
d21) in the ARP1 group compared with the placebo group
(61%; P = 0.002) (50).

ACochrane review looked at the use of oral Ig preparations
in low birth weight infants for either treating or preventing ro-
tavirus infection. However, only one study met the criteria,
and the authors suggested no benefit in this study population
(64). Although most pediatric studies focused on rotavirus en-
teritis, there were several studies that showed benefit of oral Igs
in other intestinal infections, including cryptosporidiosis and
shigellosis (65). In a study of adults with HIV infection and
chronic cryptosporidiosis, oral bovine Ig reduced diarrheal
stool weight by 50% (P = 0.03) (66).

C. difficile colitis. The rising incidence ofC. difficile–associated
diarrhea among children has resulted in an increased number
of associated hospital admissions and length of stay (67,
68). Although the underlying evidence is not particularly
strong, current treatment guidelines suggest that in case of
multiple recurrences or refractory disease, probiotics, Ig,
or steroids should be considered as therapeutic options
(69). However, a recent policy statement by the American
Academy of Pediatrics did not comment on these therapeu-
tic options, likely due to paucity of evidence (70). The use of
oral Igs could potentially be promising in treating this dis-
ease. In animals, oral Ig derived from eggs of immunized
leghorn hens effectively neutralized toxins A and B in a ham-
ster model (71). A human study using bovine Ig concentrate
prepared from colostrum of cattle immunized against toxin
A demonstrated that the antibody preparation retains the
ability to neutralize C. difficile toxin A (72). To our knowledge,
there has been only one study investigating oral Ig therapy in
humans for efficacy. This study was stopped prematurely, but
the available data showed oral Ig therapy to be well tolerated
and approximately as effective as metronidazole (51).

Chemotherapy-related gut barrier dysfunction. Chemo-
therapeutic agents are very effective treatments for some
forms of childhood cancers, such as acute lymphoblastic
leukemia, and have been shown to improve event-free sur-
vival rate. Although exerting their antitumorigenic effect,
these agents have toxic effects on rapidly dividing cells, in-
cluding those found in the intestinal mucosa. For example,
a recent study by Meng et al. (73) measured the concentra-
tion of plasma endotoxin and diamine oxidase as a marker
for gut permeability in children with acute lymphoblastic
leukemia, and it showed that high-dose methotrexate was
associated with increased intestinal permeability and gut
dysfunction (73). Gastrointestinal mucositis associated with
chemotherapy is caused by apoptosis, immune dysfunction,
andmicrobiome alterations. A recent animal study by Bateman

et al. (74) showed that twice daily oral gavage of SBI reduced
the incidence, severity, and duration of irinotecan-induced
mucositis. SBI was associated with less pronounced changes
in inflammatory cell levels and tissue damage in the colon
and jejunum (74). These preliminary data suggest a role for
oral Ig in attenuating the effects of chemotherapy-induced
gut dysfunction and require further exploration.

Sepsis and multiorgan system failure. Increased intestinal
permeability due to intestinal mucosal injury as a result of
gram-negative sepsis and other causes is considered a central
factor for the development of multiple organ failure (75, 76).
In an animal study, endotoxemia-induced sepsis was associ-
ated with reduced mesenteric blood flow and adversely
affected the permeability and metabolic function of the
small intestine (77). It appears logical that therapies targeted
toward preservation of gut barrier and function would be
beneficial. However, SBI has not been studied in this setting.

PLE with Fontan circulation. The Fontan procedure is
used to separate the systemic and pulmonary circulations
in children with single ventricle physiology resulting from
several types of congenital heart disease. A substantial num-
ber of patients exhibit high central venous pressures and de-
velop PLE after the Fontan procedure, manifested by a
decrease in serum proteins, increased stool a-1 antitrypsin
levels, and loss of circulating lymphocytes. Although this
gut dysfunction is thought to be related to heart failure,
some reports suggest that infectious or inflammatory pro-
cesses may also be involved in this phenomenon (78, 79).
These children, who have lymphopenia and hypogamma-
globulinemia, have an increased incidence of infections.
During critical illness, they often receive parenteral Ig for re-
placement, but the role of oral Ig has not been assessed in
this population. Inasmuch as no adequate long-term solu-
tions are available for these patients, it is our opinion that
oral Ig supplementation should be tested in this group to
see if there is a potential role in preventing infection or in
improving levels of serum proteins.

Potential Side Effects of Oral Ig Therapy
The most commonly reported adverse effects of oral Ig ther-
apy include mild nausea, constipation, stomach cramps, head-
ache, and increased urination. The incidence of these has been
seen in 2–5% of clinical studies of SBI (B Burnett, Entera-
Health, personal communication, 2016; J Marc Rhoads, unpub-
lished results, 2016). Concerns for potential allergic reactions
and bovine serum encephalitis (BSE) as harmful side effects
of oral Ig preparations warrant further attention.

Allergy. To our knowledge, there are no published reports of
oral Ig preparations provoking allergic or anaphylactic reac-
tions. Of note, a study of children who were allergic to cow
milk reported that 16 of 22 had circulating IgE directed
against bovine milk–derived Igs (80). Also, in postmarketing
surveillance of SBI, there have been 3 reported cases of mild
pruritus and 2 of urticarial reactions, although it is not clear
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from the reports whether these reactions were clearly due to
SBI or to other changes in the patients’ diets, underlying dis-
ease processes, or medical regimens.

Bovine serum encephalitis. Currently, the risk of BSE ap-
pears negligible, but it is indeed monitored. The WHO de-
clared the United States to be BSE-free in the early 2000s.
The USDA has controls in place to mitigate any risk for BSE
in the US cattle herd. Plasma collected from each animal
must pass both ante- and postmortem inspection in USDA-
inspected and approved facilities to be eligible for use in products
for human consumption. The current commercially available
product, SBI, is derived from only bovine plasma collected
from young cattle in an effort to further reduce any such risk.

Conclusions
Luminal gamma globulins have important effects on intestinal
pathogen elimination, inflammation, and most likely micro-
bial community structure. The mucosal, immune, and micro-
bial effects of orally administered serum-derived Ig isolates
have multiple clinical implications, and their use may facilitate
the management of various human gastrointestinal conditions
involving impaired gut mucosal integrity and immune dysre-
gulation by providing for a distinctive nutritional requirement
in the binding and neutralization of microbial antigens, which
contribute to the etiology of these diseases. Recent studies em-
phasize the need for randomized clinical trials of such prepa-
rations in the management of IBD (46, 47, 54). Also, several
studies highlight the need for additional studies on the poten-
tial use of a preparation of oral Ig in the prevention of NEC in
premature high-risk infants. We also suggest that they may be
beneficial in children with congenital immunodeficiency dis-
eases or severe protein-losing enteropathy.

In developing countries, the use of oral Ig is limited by the
issues of cost and availability, whereas in developed countries,
vaccination of children is protective against the previously most
important diarrheal disease, rotavirus diarrhea. Furthermore,
in developed countries, severe diarrhea leading to hospital
admission and/or malnutrition is uncommon. Nevertheless,
when children develop chronic diarrhea (lasting >2 wk), or be-
come nutritionally compromised, they may benefit from oral
Ig. The authors recognize that certain religious groups and
those with dietary preferences may have reservations about
the consumption of products derived from blood. However,
we suggest that PPC products are worthy of consideration
and further investigation of their use in specific intestinal
inflammatory disorders, protein-losing enteropathies, and
gut-related life-threatening conditions when current treat-
ment options are limited.
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