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ANTIMICROBIAL ACTIVITIES

Effect of antimicrobial factors in human milk on
rhinoviruses and milk-borne cytomegalovirus in

vitro
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Various antimicrobial factors present in human milk were tested for in-vitro antiviral
activity against three rhinoviruses (two clinical isolates and rhinovirus 2) and an isolate
of cytomegalovirus (CMV) from human milk. These factors included the gangliosides
GM1, 2 and 3, sialyl-lactose, chondroitin sulphates A, B and C, prostaglandins E2 and
F2a, monolaurin, vitamin A and the protein lactoferrin. All were tested for their ability
to inhibit growth of the viruses in cell culture. Human milk was also tested for antiviral
activity against these viruses. Only vitamin A, monolaurin and lactoferrin inhibited the
growth of CMYV, whereas both prostaglandins enhanced the growth of this virus at least
four-fold. CMYV infects infants from milk but, nevertheless, the milk-borne CMYV isolate
showed no special resistance to any of the antiviral factors tested. None of the
compounds inhibited or enhanced the growth of the rhinoviruses. However, human milk
decreased the growth of some of the rhinoviruses and specific secretory immunoglobulin

A (sIgA) neutralised the virus.

Introduction

Breast-feeding is known to protect against respiratory
and gastrointestinal infections as well as otitis media
(middle ear infections) in infants [1-3]. Human milk
contains various factors with known antiviral or
antibacterial activity in vitro [1, 4]. Recently, respira-
tory syncytial virus (RSV) and, more particularly,
rhinoviruses have been implicated in predisposing
infants to and causing otitis media [5, 6]. Rhinoviruses
also cause middle ear problems in adults [7]. Unlike
RSV, with which various factors present in human milk
are known to inhibit growth in vitro [1, 4, 8], no human
milk components have been tested on rhinovirus
growth. Bovine milk was reported to have a negligible
effect on rhinovirus growth in vitro [9].

Cytomegalovirus (CMV) is a herpesvirus which infects
infants and is commonly found in milk from >40% of
CMV-seropositive mothers [1]. About two-thirds of
infants fed CMV-containing milk become infected but
never develop any symptomatic disease from this
source [1]. However, one report has indicated that
CMV symptoms can appear in some extremely low-
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birth-weight infants fed with their mother’s CMV-
containing milk [10]. While the enveloped virus CMV
is commonly found in human milk, many factors are
present in milk which can inactivate CMV, particularly
during storage of the virus [11-13]. The present study
used an isolate of a milk-borne CMV that survived
storage for 2 days at 4°C in human milk (a gB3
subtype) and attempted to investigate why this isolate
was resistant to inactivation by these milk compounds.
Previous studies [4] used a clinical isolate of CMV (a
gB1 subtype). Of the four glycoprotein B subtypes of
CMV, gB1 and gB3 are the most common types
infecting children [14].

A wide variety of factors in human milk has been
found to be active against the growth of enveloped
viruses in vitro, but only immunoglobulin has been
considered important in stopping the growth of non-
enveloped viruses. This occurs by neutralisation of the
viruses with virus-specific secretory immunoglobulin A
(sIgA) [15]. However, lactoferrin of bovine origin can
inhibit growth of simian rotavirus SA1l [16], as can
ganglioside GM1 [4]. Either bovine or human milk
lactoferrin can interfere with growth of poliovirus type
1 [17]. Vitamin A (a lipid-containing compound)
inhibited growth of simian virus 40 [18]. These viruses
are all non-enveloped. Lactoferrin, an antibacterial
agent, is also known to have strong antiviral activity
against various enveloped viruses such as CMV, RSV,
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human immunodeficiency virus (HIV), herpes simplex
virus (HSV) [4] and hepatitis C virus [19]. Chondroitin
sulphates A or C inhibit HIV binding to its host cell
CD4 receptor [4]. Vitamin A also had antiviral activity
against HSV [18] and, recently, vitamin A deficiency in
women has been linked to increased shedding of HIV
in milk [20]. Vitamin A is released from its ester forms
(mainly palmitate) by milk lipase activity. Human milk
contains free fatty acids and monoglycerides, which are
also generated by milk lipase activity [11], and these
have potent antiviral activity against enveloped viruses,
including HIV [21, 22]. One lipid, monolaurin, also has
strong antibacterial activity [23]. Prostaglandins PGE2
and PGF2a inhibit the growth of parainfluenza 3, a
respiratory virus of infants [8]. These compounds were
tested for their ability to inhibit both CMV and
rhinovirus growth in vitro.

Materials and methods

The purified compounds used were all purchased from
Sigma. Lactoferrin and sialyl-lactose were from human
milk. They were dissolved at a concentration of
5mg/ml in phosphate-buffered saline (PBS). Mono-
laurin and vitamin A were dissolved at 20 mg/ml and
the prostaglandins at 1 mg/ml in absolute ethanol. All
were used fresh or stored at —20°C for a week.

Three rhinoviruses were used, a prototype rhinovirus 2
strain and two untyped clinical isolates. The clinical

isolates were from infants suffering from bronchiolitis,
one from a 1-month-old child (C19843) and the other
from an 11-month-old child (C19900). The rhinoviruses
were grown in HeLa-T cells at 33°C with a solid
agarose 1% overlay medium, as described previously
[11, 24], for 5 days, yielding plaques of 3—4 mm.

A CMV isolate from pre-term milk and a clinical CMV
isolate (C37), used previously [4], were grown in
human embryo lung cells (HEL) at 37°C. Plaques were
counted after growth for 7 days on HEL cells in
medium without agarose, as described previously
[4, 11].

Various concentrations of compounds were tested for
their inhibitory action on 80—100 plaque forming units
(in 0.1 ml) of virus in duplicate and repeated in at least
triplicate experiments. Only the maximum concentra-
tions used are shown in Table 1. Controls of viruses
treated in a similar manner, without the added
compounds, were included in all experiments. Lacto-
ferrin, gangliosides, chondroitin sulphates and sialyl-
lactose were absorbed on to cells 30 min before the
absorption of the viruses. The viruses were then
allowed to absorb on to the cells for 1h before
addition of the overlay medium. Prostaglandins were
incorporated into the overlay medium after the
absorption of the virus for 1 h [8]. Monolaurin, vitamin
A and human milk (50% v/v) were added to a virus
solution and pre-treated for 1h at 37°C before
absorption on to the cells and the application of

Table 1. Effects of different concentrations of various compounds from milk on

growth of rhinoviruses and CMV

Percentage decrease (or increase +) in virus titre of

Rhinoviruses

Compound (ug/ml) 2 C19843 C19900 Milk-borne CMV
Pre-treatment of cells for 30 min
Lactoferrin (1000) 10 0 0 99
Ganglioside (500)
GM1 10 0 0 10
GM2 0 0 0 0
GM3 0 0 0 0
Chondroitin sulphate (2500)
A 0 0 20 15
B 20 10 0 +40
C 20 10 0 0
Sialyl-lactose (500) +10 +10 +10 +40
In overlay medium during growth
Prostaglandins (1)
E2 0 0 0 +400*
Fa 0 0 +500*
Pre-treatment of virus for 1 h at 37°C
Monolaurin (500) 0 0 100*
Vitamin A (100) 0 0 0 100*
Human milk 1 10 0 0 15
Human milk 2 45ft 601 0 90
Human milk 3 70t* 0 70t 30

*Identical results obtained with the clinical CMV C37 strain [4].

tSurviving plaques were small.

*Specific slga present as measured by indirect immunofluorescent antibody detection.



overlay medium. However, as monolaurin and vitamin
A are toxic to cells at the concentrations used, the virus
pre-treated with these factors was initially 10-fold
higher. This mixture was then diluted 10-fold before
the virus solution was absorbed to the cells.

The method of Isaacs et al. [21] was used to neutralise
slgA in human milk before testing its anti-rhinovirus
activity. The detection of specific anti-rhinovirus sIgA
by indirect immunofluorescence was performed as
described previously [24].

Results and discussion

When the antimicrobial factors were tested for antiviral
activity, none was found to have any significant effect
on the growth of three strains of rhinoviruses (Table 1).
The growth of the viruses was measured by the number
of virus plaques produced. Furthermore, pre-treatment
of these viruses with lactoferrin 1 mg/ml for 1 h at
37°C had no effect on virus growth. The only inhibition
of virus growth occurred when the rhinoviruses were
pre-treated with human milk (Table 1). However,
inhibition of virus growth was variable, with the milk
inhibiting only one or two of the rhinoviruses, but not
all three. Inhibition of rhinovirus growth was accom-
panied by small surviving plaques (1 mm), which is
indicative of the presence of specific virus neutralising
antibody activity in the milk. This rhinovirus neutralis-
ing activity was removed by treatment of the milk
samples for 1h with anti-sIlgA, before the milk was
tested for antiviral activity to the rhinoviruses. The
presence of specific sIgA to rhinoviruses was further
confirmed by the use of indirect immunofluorescence
with cells infected with the three different rhinoviruses.
The milk samples did not inhibit all the rhinoviruses
tested, suggesting that they did not possess any non-
specific anti-rhinovirus activity.

Breast milk protects against respiratory viruses, but
these viruses do not infect infants from milk itself [1].
The present study investigated whether factors present
in human milk could inhibit rhinovirus growth. The
cellular absorption process of the non-enveloped
rhinoviruses is known to involve the binding of the
virus to either the intracellular adhesion molecule 1
(ICAM-1) receptor (rhinovirus major group) or the
low-density lipoprotein (LDL) receptor (rhinovirus
minor group, including rhinovirus 2). Milk compounds
would either have to interfere with this adsorption
process or inhibit the replication of the virus. However,
soluble ICAM-1 (present in milk at 0.4 ug/ml) [25]
can not only inhibit the replication of major group
rhinovirus 54, but can also disrupt the major group
rhinoviruses 3 and 14. No compound tested, including
lactoferrin, inhibited virus growth. There was no
evidence that lactoferrin, which binds to the LDL
receptor [17], could inhibit the growth of rhinovirus 2
or the two clinical rhinovirus isolates. Lactoferrin
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inhibits poliovirus absorption to cells and, in combina-
tion with zinc, can actually inhibit poliovirus (a similar
virus to rhinoviruses) replication [17]. The present
study found that only rhinovirus-specific sIgA neutra-
lisation inhibited the binding of rhinoviruses. Immuno-
globulin has been known to interfere with live
poliovirus vaccines in infants for >30 years [26]. Both
RSV and rhinoviruses have been implicated in
involvement with otitis media. Exactly how breast-
feeding protects against these viruses and this disease
remains speculative. Protection may involve enhanced
anti-infective or anti-inflammatory activity, or both, in
breast-fed infants [2,3]. A possible mechanism as to
how milk sIgA protects infants against respiratory
viruses has been proposed by Downham et al. [27].
They suggest that infants inhale milk during feeding
(based on radiological studies) and regurgitate the milk
through the nose. Once inhaled the sIgA persists for
some time in a protective role.

When the factors were tested for antiviral activity
against the milk-borne CMYV isolate (Table 1), results
similar to those observed previously with another
clinical CMV isolate were found [4]. Lactoferrin, at
the concentration found in human milk, and even at
levels five-fold lower, strongly inhibited the growth of
CMYV; sialyl-lactose was found to slightly activate the
virus, as did high levels of chondroitin sulphate B
(dermatan sulphate, 2.5 mg/ml). The activation by
chondroitin sulphate B was not found with the other
clinical CMV isolate [4]. This was the only minor
difference found between the two CMV strains. Pre-
treatment of either CMV strain with monolaurin and
vitamin A completely inhibited growth. When the two
prostaglandins, PGE2 and PGF2a, were added to the
overlay medium, the growth of both CMV isolates
increased considerably, by at least four-fold (Table 1).
Not only did the prostaglandins increase the plaque
numbers, the growth rate of the CMV was faster and
the maximum number of plaques appeared 2 days
earlier (at 5 days). Furthermore, the plaque size was at
least double that of untreated CMV. The activation of
the growth of both CMYV isolates by the prostaglandins
did not increase with concentrations >1 ug/ml (Table
1), nor was there any increased growth with concentra-
tions <0.1 ug/ml. An increase in growth of only 10%
was observed at the 0.1 ug/ml concentration. The
increased growth of CMV in the presence of these
prostaglandins was reproducible throughout 10 separate
experiments. Only one human milk sample tested had
any significant inhibitory effect on the growth of milk-
borne CMV. Human milk inhibits CMV growth by
either destroying the virus envelope due to the presence
of potent antiviral lipids [11, 27], or by neutralising the
virus with specific sIgA [29]. Nevertheless, CMV
infects infants through milk [1, 15]. The CMV milk
isolate was found to have no particular resistance to
any of the antiviral factors tested, compared with the
other clinical CMV isolate. The presence of infectious
CMV in milk has always been detected by virus
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isolation on HEL cells [12, 13]. Moreover, isolation
rates of infectious CMV are variable and 20-70% of
mature milk samples can yield virus [15]. Recent
studies usually include the simultaneous detection of
the presence of CMV DNA in the milk samples with a
specific PCR assay [30]. CMV DNA is usually detected
in all milk samples from which CMV can be grown;
however, up to 50% of the milk samples tested can be
CMYV DNA-positive without containing infectious virus
[30]. The studies described here suggest that the
addition of either prostaglandin present in human milk
(i.e., PGE2 or PGF2a) to the virus growth medium at
1 ug/ml may allow enhanced isolation of infectious
CMV from milk samples. Both these prostaglandins,
when used at the concentrations indicated in this study,
increased the growth and spread of other herpesviruses,
HSV-1 and HSV-2 [31, 32]. However, they inhibit the
growth of parainfluenza 3 [4], a respiratory virus that
infects infants. Not all prostaglandins enhanced CMV
growth, as PGAI inhibited growth. While the prosta-
glandins may be present in low concentrations in
human milk [8], the total intake of prostaglandins by
an infant fed 200 ml of milk is considerable. Further-
more, if these prostaglandins are localised on particular
cell receptors, they may be able to exert some influence
on CMV infection. Certainly interleukin-8 can activate
CMV replication in this manner [33].

This study confirmed the antiviral activity of lactoferrin
against CMV strains [4]. Earlier studies showed that
not only lactoferrin, but also ganglioside GM2 and
chondroitin sulphate B, inhibited the growth of RSV
but lactoferrin was the only compound that inhibited
RSV (and CMV) at concentrations less than that
present in human milk [4, 8]. Still other milk factors
with potential antiviral activity remain to be deter-
mined, as demonstrated recently when human milk
lysozyme was found to possess the ability to inhibit
growth of HIV [34].

CMV (like HIV) is present in both human milk whey
and milk cells [30] and it is not known precisely how
enveloped viruses can survive these potent antiviral
factors (as determined by in-vitro studies). CMV is not
transmitted to infants exclusively through milk cells,
unlike the enveloped T-lymphotrophic type 1 virus
(HTLV-1). HTLV-1 may remain protected from the
action of these factors by its cell association [1].
Nevertheless, transfer of HTLV-1 through milk to
infants still requires at least 6 months of breast-feeding
by their infected mothers, with only a quarter of the
infants becoming infected [15]. Two-thirds of infants
excreted CMV after only 3 weeks of breast-feeding on
CMV-infected milk [29], which can contain up to 10°
tissue infective dose 50% of virus/ml [1, 29].

Despite the lack of confirmation of the precise
mechanisms whereby infants are protected by human
milk, which contains numerous antimicrobial agents
[35], less respiratory and middle ear infections occur in

breast-fed infants. Nevertheless, some viruses —
including CMV — are still capable of escaping such
defences [35].
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