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ABSTRACT
Nosocomial infection with antibiotic-resistant strains is a major threat to critical care medicine. Selective decontamination of the digestive tract (SDD) is one of the strategies to reduce ventilator associated pneumonia and sepsis in critically ill patients. Lactoferrin (LF) is a natural multifunctional protein with antimicrobial, anti-tumor, antioxidant, and immunomodulatory effects. It has been shown to inhibit the growth of a number of pathogenic bacteria including antibiotic-resistant strains, fungi and even viruses in both in vitro and in vivo studies. In this study we performed pathogen challenges of the digestive tract of a transgenic milk-fed animal model to test if porcine LF (pLF) is an effective SDD regimen. Transgenic mice expressed recombinant LF in their milk at 120 ± 13.6 mg/L during the lactation stage and fed normal CD-1 mice pups for 4 weeks. The pups were subsequently challenged with pathogenic Escherichia coli, Staphylococcus aureus and Candida albicans. The groups that were fed pLF transgenic milk demonstrated statistically significant improvements in weight gain, lower bacterial numbers in intestinal fluid, blood and liver, and healthier microvilli in the small intestinal tissue when compared to the control groups that were fed normal milk. Results showed that recombinant pLF expressed in the milk of transgenic mice and fed to mice pups led to broad spectrum antimicrobial activity in the digestive tract and protected the mucosa of the small intestine from injury, implying that porcine LF can be used as an effective selective decontaminant of the digestive tract. 
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INTRODUCTION
Bacterial resistance to antibiotics, especially in nosocomial infections, is a major threat to critical care medicine. It has been estimated that 50% to 60% the nosocomial infection occurring each year in the United Sates are caused by antibiotic-resistant bacterial strains [1]. This high rate of resistant strains increases the morbidity, mortality and medical costs of infection. Preventing infection and limiting the emergence of antibiotic-resistant strains are two important issues in critical care medicine.

Colonization of the nasopharynx and oropharynx predisposes patients to the development of nosocomial pneumonia, and the bacterial overgrowth in the intestinal tract increases gut wall permeability, leading to bacterial translocation and sepsis. Selective decontamination of the digestive tract (SDD), which aims to eradicate colonization of potential pathogens from the oropharynx and gastrointestinal tract, is one of the strategies to reduce ventilator associated pneumonia (VAP) and sepsis in critically ill patients. Controversy exists about the effectiveness of SDD in reducing mortality and preventing antibiotic resistance [2-4]. The present SDD regimens may create selective pressure and induce the emergence of methicillin-resistant Staphylococcus aureus (MRSA), Gram-negative bacilli harboring extended-spectrum β-lactamases (ESBL), and even Candida [5, 6]. Therefore, SDD research must aim to find an ideal regimen effective on most pathogens while leaving the anaerobic flora undisturbed.
Lactoferrin (LF) is an iron-binding glycoprotein found in milk and various external secretions such as saliva, tears, airway secretion, and the granules of neutrophils, implying a protective role in innate immunity. This protein has a number of biological functions, including antimicrobial, anti-tumor, antioxidant, and immunomodulatory effects. Partial degradation of LF by pepsin in stomach, may give rise to peptides termed lactoferricin with more potent antimicrobial activity. LF and lactoferricin have been shown to inhibit the growth of a number of pathogenic bacteria including antibiotic-resistant strains, fungi and even viruses in both  in vitro and in vivo studies. In mouse experiments, oral administration of bovine LF reduced bacterial infections in the gastrointestinal tract [7, 8] while promoting the growth of bacteria with low iron requirements such as Lactobacillus and Bifidobacteria, which are generally believed to be beneficial to the host [7, 9]. The structure and function of bovine and human LF have been well characterized, but little is known about porcine LF (pLF). Furthermore, few in vivo studies have proven the antimicrobial activity of LF directly from intestinal fluid culture after pathogen challenge with selective and differential cultures.
We previously demonstrated that both recombinant pLF produced from yeast [10] and a synthetic 20-residue porcine lactoferricin peptide [11] exhibit antimicrobial activity in vitro. Its bactericidal activity was four times more effective than that of human lactoferricin [11]. Piglets consuming a sufficient pLF-rich colostral milk have been shown to exhibit enhanced resistance to diarrhea, respiratory tract infections, infection-induced wheezing, and anemia after weaning [12, 13]. This study investigates the hypothesis that pLF could serve as a natural SDD regimen. We developed a transgenic mouse model that can express and secrete recombinant porcine LF in milk, which they feed to their neonatal mouse pups. These pups were then challenged with pathogens from the gastrointestinal tract to evaluate the in vivo antimicrobial activity of pLF. The growth rate of the pups and the state of the intestinal tract mucosa were also examined in this study.

MATERIALS AND METHODS
Animals.  Transgenic mice which express porcine lactoferrin (pLF) exclusively in the mammary gland were generated by pronuclear microinjection of a chimeric gene containing the sequence of pLF cDNA under the regulation of the bovine α-lactoalbumin (αLA) promoter (αLA–pLF mice); the mammary gland-specific expression cassette used was previously described in detail [14, 15]. The specificity of the αLA promoter results in targeted expression of pLF exclusively in the mammary gland of these αLA–pLF mice. pLF expression by transgenic mice was confirmed by PCR screening (αLA-124 forward primer: 5’-CTC TCT TGT CAT CCT CTT CC-3’; pLF-226 reverse primer: 5’-TCA AGG GTC ACA GCA TCT GC-3’), western blotting of transgenic milk, and immunohistochemical staining of the mammary gland tissues. Wild type CD-1 (ICR) strain mice were used as the control groups in this study. All animal experiments were performed according to the guidelines for the care and use of animals approved by the National Chung Hsing University.
Bacterial and fungal strains.  Escherichia coli (ATCC25922), Staphylococcus aureus (ATCC25923), and Candida albicans (ATCC14053) were cultured overnight in tryptic soy broth (TSB; Difco Laboratories, Detroit, MI) at 37℃, serially tenfold diluted in sterile physiological saline, and grown on tryptic soy agar at 37℃ for 24 h. Colony-forming units (CFU) were determined by plate counting. Particular organisms were isolated or identified using selective and differential media, which contain certain dyes or chemicals which induce the organisms to undergo characteristic color changes or growth patterns. E. coli, S. aureus, and C. albicans present in experimental samples were identified by eosin-methylene blue agar (EMA), mannitol salt agar (MSA), and tryptic soy agar plus ampicillin (TSA-Ap) respectively. 

Infection of neonatal mice with pathogenic microbes.  The neonatal mice were each fed on day 14 after birth with a single dose of living E. coli, S. aureus or C. albicans, suspended in 0.1 ml TSB buffer at 2 × 106, 2 × 108 and 2 × 106 CFU/mouse, respectively, as described previously [16, 17]. Pathogenic microbes were slowly delivered into the stomach with a sterile 3-Fr polyurethane catheter as the delivery system. The challenged mice continued nursing with pLF-enriched transgenic milk (treated groups) or with normal milk (control groups). Their health was monitored twice a day throughout the experimental period.
Evaluation of infection severity.  A scoring system that defined the magnitude of illness after oral infection was performed (Table 1). The scoring system was designed to produce uniformity among observers scoring the animals. The neonatal mice were examined twice at 8:00 AM and 6:00 PM, and weighed daily from day 4 (n＝18 to 20 per group). If a pup was scored as dying, the animal was removed and subjected to euthanasia. They were sacrificed on days 3, 6, and 9 after infection, and intestinal fluid, blood, liver, and small intestinal tissues were collected for bacterial and histological examination. 
Histopathological and immunohistochemical assays.  The upper longitudinal one-third of the intestine was freshly dissected from the sacrificed mice, and 2 cm of the tissue was excised. Fixed with paraformaldehyde and embedded in O.C.T. compound (Tissue-Tek®; Sakura, Japan), the tissue was frozen and then microdissected for histopathological and immunohistochemical (IHC) analyses. For histopathological analysis, tissue slides were stained with hematoxylin and eosin (H&E) and subjected to microscopic observation as described previously [18]. For IHC staining, the Vectastain ABC kit (Vector Laboratories Inc., Burlingame, CA) was used in this study. Five m tissue sections placed on slides were incubated with rabbit anti-pLF polyclonal primary antibody and biotin-labeled anti-rabbit IgG secondary antibody as previously described [19]. 
Statistical analysis.  All experimental results were expressed as mean ± SD. The Levene test was used to delineate whether values were normally distributed. After this assessment, either the Mann-Whitney test [20] or the Student’s t test was applied (Stat View, Abacus, USA). P values ＜0.05 were considered to be statistically significant. 

RESULTS
Recombinant pLF expression and secretion in the milk of transgenic mice 
A series of transgenic mice harboring a pLF gene driven by the mammary gland-specific promoter of the bovine-LA gene (Figure 1A) were generated in our previous report [14]. TheLA-pLF hybrid gene was confirmed to have been successfully integrated into transgenic mice genomes by PCR screening (Figure 1B). To demonstrate tissue-specific expression of the exogenic pLF driven by the bovine -LA promoter, numerous tissues derived from the Tg-pLF-33-8 line of lactating female mice were subjected to immunohistochemical staining using the anti-pLF primary antibody. Mammary gland sections showed that the pLF accumulated at the edges of mammary epithelia as well as within the lumen of mammary acini during the D15 lactation stage in transgenic mice (Figure 1C). There was no detectable pLF signal in sections of lactating non-transgenic CD-1 mouse mammary glands (Figure 1C). Different tissues from transgenic and normal female mice at the same lactation stage, including kidney, spleen, heart, lung, and liver were also examined by the same primary antibody. No pLF was found in any of these tissues, as shown in Figure 1C. These results confirm that recombinant pLF protein driven by the bovine -lactalbumin promoter and leader sequence was only expressed and secreted in the mammary gland tissue of transgenic mice.

Microbial toxicity of oral administration of microorganisms
To investigate the direct effects of orally administrated pLF-enriched milk on the microbial pathogen-challenged mice, we tested pups fed milk from either the pLF-transgenic or the wild type CD-1 mice. Three different infectious microbes, including Gram-negative E. coli, Gram-positive S. aureus, and fungal C. albicans were chosen for this study. The average daily body weights in the three pLF-negative milk groups were significantly lower after different pathogenic microbial infections when compared to the non-challenged normal groups (P <0.05), as shown in Figure 2. There were no statistical differences in the daily body weights in the three pathogen-challenged groups fed with pLF-enriched milk when compared to the corresponding non-challenged normal group. 
A weighted clinical illness score was formulated that assigned values ranging from a score of 1 for well animals to a score of 5 for pups that died, as described in Table 1. The cumulative illness score per group (n = 18) was significantly higher in the pLF-negative control CD-1 milk feeding groups (scores = 73, 80, 76) than in the pLF-enriched milk feeding groups (scores =34, 29, 37) after orally challenged with E. coli, S. aureus, and C. albicans, respectively (P <0.01). The experimental data showed that milk fed pLF-enriched milk had a substantially reduced the severity of illness and lower death rate after significant intestinal infection with pathogenic E. coli, S. aureus, and C. albicans.
Antimicrobial characteristics of pLF on the intestinal fluid of mice infected with pathogenic microbes
The time course of changes in the numbers of intestinal microflora was determined in the groups of infected mice fed different milks on days 3, 6, and 9 after oral pathogenic microbial inoculations. As shown in Figure 3, when mice were challenged with E. coli, S. aureus, and C. albicans and then fed normal CD-1 mouse milk, the numbers of pathogenic microbes in the intestines decreased slowly from day 3 through day 9. However, infected mice fed with pLF-enriched milk from transgenic females demonstrated significant inhibition of microbial survival in the intestinal tracts post 3 days (P <0.01) and 6 days (P <0.05) in the E.coli challenged group (Figure 3A), post 3 days (P <0.05) and 6 days (P <0.05) in the S. aureus challenged group (Figure 3B), and post 3 days (P <0.05), 6 days (P <0.01) and 9 days (P <0.05) in the C. albicans challenged group (Figure 3C), when compared to control groups that were fed normal CD-1 mouse milk. 
Microbial translocation in the circulating blood and liver of pathogen-challenged mice

Bacterial translocation is defined as the passage of viable bacteria from the gastrointestinal tract through the mucosal epithelium to other sites, such as the mesenteric lymph nodes, spleen, liver, and bloodstream, and may cause severe symptoms of sepsis. The following experiments were performed to determine whether the addition of pLF in the milk of transgenic mice influences bacterial translocation. The number of E. coli, S. aureus, and C. albicans cultured from blood were significantly lower in the animals that were fed with pLF-enriched milk compared with pups fed CD-1 normal milk in the initial three days post-infection (P <0.05) (Figure 4). Moreover, the rates of clearance of E. coli (Figure 4A) and C. albicans (Figure 4C) from the circulating blood of infected mice were also significantly higher in the groups fed with pLF-enriched milk compared with groups fed with CD-1 normal milk in the following Day 9 examination (P <0.01). 
The incidence and numbers of microbial translocation into the liver were measured on Day 6 post-infection and summarized in Table 2. Microbial translocations in the liver were observed in the groups fed normal milk with an incidence of 100% in all three pathogenic infections. However, the experimental groups fed pLF-enriched milk showed a marked decrease in incidence, with 40% microbial translocations overall (P <0.05). Furthermore, the number of translocating microbes in the livers of pLF-enriched fed groups were significantly lower than those of groups fed with normal milk (P <0.01 in E. coli and S. aureus infected groups; P <0.05 in C. albicans infected groups).
Protective effects of pLF on small intestinal tissue morphology after microbial challenges
To further test the utility of pLF protein as a natural regimen of SDD, histopathological examination of the small intestinal tract was performed after 3 days of microbial challenge, as shown in Figure 5. The mucosal barrier of the small intestine was found to be relatively intact after oral pathogen challenges in the pLF-milk fed groups, while the mucosa became fragile in the groups fed normal milk after E. coli infection (Figure 5A), S. aureus infection (Figure 5B), and C. albicans infection (Figure 5C). Therefore, pLF administration also protects the small intestine from pathogen-induced tissue damage.
DISCUSSION
This study reports a transgenic animal model for the study of the antimicrobial activity of lactoferrin in the gastrointestinal tract. This study has two principle findings. First, porcine lactoferrin in the milk of transgenic mice, like bovine and human LF, has antibacterial and antifungal activity after pathogen challenges of the gastrointestinal tract. Second, the growth rate is higher and the intestinal mucosal barrier is more intact in the challenged mice fed pLF-enriched transgenic milk compared to those fed wild type milk. These findings imply that LF could serve as a “natural antibiotic” and a potential natural regimen for selective decontamination of the digestive tract. 

In this work, porcine LF decreased the microbial load of Staphylococcus aureus, E. coli, and Candida in the gastrointestinal tract, liver and blood within 3 days. Various studies have investigated the effect of oral administration of LF in animal infection models, including Staphylococcus, E. coli, and Candida infection [21-23]. Recombinant human LF (rh-LF) dosed orally to neonatal rats protects them from subsequent systemic infection induced by inoculating massive amounts of E. coli into the GI tract. Blood and liver cultures revealed that the colony numbers of E. coli were significantly lower in the group pretreated with rh-LF compared to the control group [21]. In the study reported here, the E. coli colony number was decreased not only in the blood and liver, but also in the GI tract, and the numbers decreased more rapidly in the transgenic groups than in the control groups. Interesting, orally administered pLF also had a beneficial effect on E. coli and Staphylococcus infection at a remote site, the urinary tract [22, 24]. Human LF was detected in the urine and serum of hLF-fed mice [22]. Intact human LF of maternal origin has been detected in the urine of preterm infants fed human milk [25]. These studies imply that LF may remain intact throughout the GI tract and be absorbed into the blood when the integrity of the GI tract is compromised in some medical conditions [26]. 
The colony numbers of pathogens in the intestine, liver and blood decrease a few days after pathogen challenges in both transgenic and wild type mice as shown in Figures 3 and 4. This suggests that the natural immune defense mechanisms in breast milk or of the neonate itself can overcome pathogen infection. Antibodies of the secretory IgA class bind to microbes and thereby prevent their attachment to the mucosa of the GI tract, and lysozyme kills bacteria by disrupting their cell walls. These components in breast milk along with LF and its derived peptides contribute to the protection of neonate animals from infection [27].
Lactoferrin was found to be effective in killing many kinds of microorganisms including Acinetobacter, Listeria, E. coli, Staphylococcus, fungi and even viruses in in vitro studies [28-30]. The mechanism of action of this antimicrobial peptide has been the subject of many studies over the past two decades. Originally, the bacteriostatic effect of intact LF was believed to be related to its ability to scavenge iron, the essential nutrient of microorganisms. Subsequent studies have shown that the highly cationic N-terminal regions of LF and derived peptides have a potent bactericidal effect by interacting with the negatively charged elements in the bacterial membrane. These elements can be lipopolysaarchorides in Gram-negative bacteria, while it is assumed to be lipoteichoic or teichoic acid in Gram-positive bacteria. The mechanism of the antifungal effect of LF is not clear at present. It is possible that its antifungal activity involves the immunological effects of LF [31], or its direct or indirect interaction with the cytoplasmic membrane [32]. In our previous report, the destructive effects of lactoferricin on the cellular membranes of E. coli, Staphylococcus, and Candida were directly observed under a scanning electron microscope [11]. Even at the sub-inhibitory concentration of LF, it was found to be an important component of innate immunity to prevent biofilm formation by stimulating bacterial motility, causing the bacteria to wander across the surface instead of forming cell clusters [33]. 

The mucosal barrier of the small intestine was found to be relatively intact after oral pathogen challenges in the transgenic model, while the mucosa became fragile in the wild type as shown in Figure 5. It is likely that the antimicrobial activity of LF decreases the bacterial load in a short period of time and prevents the mucosa from being damaged. Orally administered bovine LF had been found to inhibit bacterial translocation from the intestinal tract in mice fed bovine milk [23]. In addition to antimicrobial activity against pathogens, LF has been shown to promote the growth of Bifidobacterium species, which are naturally predominant among the intestinal flora and are thought to enhance resistance against enteric pathogens. In a previous study, we demonstrated increased villous length in the small intestine of mouse pups fed pLF-enriched milk from transgenic females compared to those fed wild type milk [14]. LF has been demonstrated to enhance the growth of intestinal cells both in vitro and in vivo, which may be mediated through binding to specific LF receptors [34]. These protective effects of LF on the GI tract prevent bacterial translocation and the subsequent bacteremia. These factors could also lead to better growth of mouse pups fed pLF-milk after pathogen challenges. 

Transgenesis using mammary glands as a bioreactor to produce functional proteins as therapeutic drugs is a promising direction in biotechnology. In this work, a transgenic animal model was developed that expresses porcine recombinant LF in its milk and then provides the recombinant milk to its offspring. As previously reported [14], the construction of the bovine alpha-lactoalbumin promoter gene and the 19-aa secretory peptide leader sequence leads to efficient and mammary gland-specific expression and secretion of pLF with a high concentration in the milk of 120 mg/L during the lactation period. This type of transgenic model also offers a new research method for the delivery of functional proteins. One previous report showed that the mode of oral administration of bovine LF, whether addition to the drinking water, gastric incubation, single buccal doses, or continuous doses in the diet, influences mucosal and systemic immune responses in mice [35]. The mode of oral delivery of immunologically active food proteins should be considered carefully for in vivo studies. Administration by nursing with milk containing therapeutic proteins is a more natural delivery method and allows for detection of the effect of the protein in the offspring.
In conclusion, we tested the antimicrobial activity of LF by developing a transgenic mouse model capable of expressing and secreting recombinant porcine lactoferrin in milk and subsequently challenging the fed pups with pathogens, including Gram-positive bacteria, Gram-negative bacteria and fungi. The results of this study demonstrate that the microbial load decreased more rapidly in the GI tract, liver and blood, the mucosal barrier was more intact, and growth performance was better in the mice fed with pLF-milk compared to those fed with wild type milk. Porcine LF is proposed to be an ideal natural regimen of selective decontamination of the digestive tract to prevent nosocomial pneumonia or sepsis in critically ill patients.
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Table 1. Illness scoring scale for mice challenged with orally administered pathogenic microbes
 Score             

Description  
   
        Condition
1 Normal breathing, color, activity, and 

Normal

suckling; copious milk in the stomach
2 Pale, but perfusion acceptable, less activity,
Slightly ill

rapid breathing, gastric milk present


(1 or more required)

3 Pallor or gray color, abnormal breathing,
Moderately ill

reduced activity, decreased suckling and


gastric milk, diminished skin turgor


(2 or more required)

4 Cyanosis and poor perfusion, labored 

Dying

breathing, marked lethargy, no righting


response, shaking, no gastric milk, poor


skin turgor, dehydration

(3 or more required)

5 No signs of life, or rigor mortis

Dead

Table 2. Influence of pLF administration on microbial translocation to the liver 6 days after oral administration of pathogenic microbes
Group     Incidence of microbial    No. of translocating microbes (mean±SD)a

translocation (%)      E. coli       S. aureus     C. albicans

Mice fed with
100
   
121.3±32.7
396.5±84.2
190.1±54.2
normal milk
(18/18)       

(n=18)
        (n=18)

(n=18)
Mice fed with
40*
   
11.8±5.4**
25.3±7.2**
102.5±17.7*
pLF milk
 (8/20)
             (n=7)         (n=8)        (n=9)
No infection       
0                 0            0            0

 control         (0/10)             (n=10)        (n=10)       (n=10)
a mean CFU/ml liver tissue lysate ± SD.
*P <0.05; **P <0.001.
Figure Legends
Figure 1.  PCR screening and immunohistochemical staining of the LA-pLF fusion gene and protein, respectively, and the protein expression pattern in transgenic mice. (A) Structure of the LA-pLF-bGHp(A) transgene. A pair of primer sets for PCR screening was designed to flank the LA promoter and the 5’-end of the pLF cDNA junction. LS: leader sequence providing a secretion signal. (B) Rapid screening of positive transgenic founders by PCR amplification. Pc: positive control (LA-pLF plasmid DNA); Nc: negative control (normal mouse DNA). (C) Immunohistochemical (IHC) staining of the various tissues, including mammary gland, kidney, spleen, heart, lung, and liver, prepared from lactating normal CD-1mice (right panel) and pLF transgenic mice (left panel). 
Figure 2. 
Body weight changes between mice fed with wild-type CD-1 milk and those fed with pLF-enriched milk after different pathogenic microbial challenges. Body weight gains was plotted daily beginning at postnatal day 4 and ending at day 24. Mice were challenged at day 14 after birth with one of three GI tract pathogenic microbes, E. coli, S. aureus, and C. albicans (as shown by the arrowhead), and fed with normal CD-1 milk or pLF-enriched milk during the lactation period. In each treatment group, at least 18 mice were analyzed. All data were expressed as a mean ± SD. *: statistically significant difference between groups fed with pLF milk and those fed with control CD-1 milk after microbial infection (P ＜0.05). 
Figure 3.
Time course of changes in the numbers of intestinal microflora after challenge with different pathogenic microbes. Intestinal fluid samples from different mice were collected from the whole intestine by washing with 1 ml sterile physiological saline on days 3, 6, and 9 after infection. The fluid was plated in a volume of 0.1 ml on selective and differential media. The plates were incubated at 37℃ for 24 h. Colonies were counted and expressed as the log10 of the number of colony forming units (CFU) per 1 ml intestinal fluid. Six mice were analyzed in each time course, and the data were represented as mean ± SD in three different groups infected with (A) E. coli; (B) S. aureus; (C) C. albicans. Solid bars represent the infected mice fed with pLF-enriched milk and cross-hatched bars represent infected mice fed with wild-type CD-1 milk. The statistical differences between the pLF-treated and control groups are shown as * (P < 0.05) and ** (P <0.01). 
Figure 4.

Time course of the number of translocated microbes in circulating blood samples of pathogen-infected mice. Blood samples from different mice were collected from the orbit vein on days 3, 6, and 9 after microbial infection. Blood samples were plated in a volume of 0.1 ml on selective and differential media. Colonies were counted and expressed as the log10 of the number of colony forming units (CFU) per 1 ml blood. Six mice were analyzed in each time course and the data were represented as mean ± SD in three different groups infected with (A) E. coli; (B) S. aureus; (C) C. albicans. Solid bars represent the infected mice fed with pLF-enriched milk and cross-hatched bars represent the infected mice fed with wild-type CD-1 milk. The statistical differences between the pLF-treated and control groups are shown as * (P <0.05).
Fig. 5. 

Histopathological images of small intestinal tissue morphology after oral microbial challenge. Small intestinal sections on day 3 post infection from mice fed with PLF-milk (upper panel) and wild type milk (lower panel) were prepared from mice receiving challenges from (A) E. coli, (B) S. aureus, or (C) C. albicans. The gastrointestinal tract sections were stained with hematoxylin and eosin (H&E) dyes. The different degrees of injury of mice fed with transgenic pLF-milk and wild-type normal milk can be distinguished by microscopic observations. 
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