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Abstract  

The presence of pathogenic bacteria and fungi in food and the 

contamination of food with heavy metals and organic pollutants 

have become major global public health issues and economic 

concerns.  Although eggs are often thought of as perfect, naturally 

packaged sources of nutrition, the eggs of chickens, other fowl, and 

sea turtles are in fact among the most commonly contaminated 

foods worldwide.  The egg cuticle and eggshell are generally 

ineffective in preventing the entry of microbes and some chemicals. 

As a result of the overuse of antibiotics, pathogenic microorganisms 

that invade eggs are often found to be resistant to antimicrobial 

drugs.  In addition, due to heavy usage in agriculture and various 

industries, synthetic organic chemicals and heavy metals enter the 

environment and can find their way into food chains and eventually 

contaminate eggs.  In an effort to minimize these various types of 

contamination, regulations have been established to control the egg 

industry.  However, in some regions of the world enforcement is 

lax and compliance is poor.  The aim of this paper is to raise 

awareness of the need for rigorous enforcement of the rules, greater 

industry compliance with standards, increased monitoring, and 

further research on the public health issues.  
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1.  Introduction 

Eggs are an important source of 

nutrition worldwide and are used in many 

food products.  In the U.S., chicken eggs are 

touted as “the incredible edible egg”, a 

neatly packaged and nutritious natural food 

[27].  The eggs of other fowl are also 

consumed throughout the world and in some 

regions sea turtle eggs are also an important 

food. 

In recent years, however, 

contamination of food has become a serious 

global concern, and this problem also affects 

eggs.  In fact, among food products, eggs 

from poultry and sea turtles are some of the 

most common sources of bacterial and 

fungal pathogens as well as chemical 

contaminants such as synthetic organic 

compounds and heavy metals.  These 

pathogens and chemical contaminants may 

be acquired from the environment as a result 

of the pollution of soil and water, but they 

may also be present in the ingredients used 

in the manufacture of animal feed [41].  

Contamination of poultry products is 

reported to be the most common factor 

involved in health issues related to food 

consumption [117]. 

Pathogenic bacteria such as 

Salmonella are the cause of several major 

clinical syndromes, the most common of 

which is gastroenteritis. This has become an 

international public health concern as well 

as an economic issue [66]. Typical 

symptoms are vomiting, chills, headaches, 

fever and abdominal cramping. Those most 

at risk are the elderly, young children, 

immunocompromised patients and pregnant 

women. Severe complications are possible 

which can lead to lengthy hospitalization if 

the bacterial infection invades organs 

outside the gastrointestinal tract [39].  

Food safety procedures have been 

established as strategies to control such 

contamination, including separation of raw 

and finished food products, pest control, 

proper personnel training and monitoring 

[101].  Nevertheless, it is apparent that these 

measures have been insufficient to prevent 

egg contamination, since epidemiological 

investigations have traced numerous 

outbreaks to infected eggs [66]. 

 In this paper, we first discuss the 

structure of eggs and the mechanisms by 

which pathogens penetrate eggs.  This topic 

has been of great interest to microbiologists 

and to the poultry industry [48].  We then 

discuss antibiotic-resistant bacteria in 

relation to egg contamination, and touch on 

the problem of fungal contamination of 

eggs.  Finally, we present information about 

chemical contamination of eggs with heavy 
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metals and persistent organic pollutants.  

Our goals are to highlight these problems 

and also to increase awareness of the need 

for more research, more effective 

regulations, and better industry compliance 

with the rules and standards that exist.  

  

2.  Egg structure 

Eggs use several different physical 

and chemical defense mechanisms to 

prevent microbial infections, and the cuticle, 

the egg shell, and underlying membranes 

comprise the first line of defense.  In fowl, 

the outer layer of the egg, on the outside of 

the shell, is usually the cuticle which 

consists of a waxy material made up of 90% 

protein, 3% lipid, 4% carbohydrate and 3% 

ash [40]. This component serves to decrease 

the permeability of eggshell pores [114].  

Immediately after oviposition the 

cuticle is ineffective in preventing the entry 

of microorganisms, but shortly thereafter it 

hardens.  This hardening blocks infection by 

microbes and also makes the cuticle resistant 

to water penetration [48, 92].  Even after this 

point, however, breaks in the cuticle 

occasionally occur, allowing 

microorganisms to invade the egg contents 

and cause infections.  

Chicken eggshells consist 

predominantly of calcium carbonate crystals 

(95% or more) which are stabilized by a 

matrix of proteins [28].  The calcified layer 

is called the palisade layer because it is laid 

down in the form of columns.  Such 

structural characteristics provide higher 

strength and stronger resistance to fracture 

and to external contamination. 

The strength of the eggshell is 

affected both by its ultrastructure and by its 

thickness, which varies among egg-laying 

animals. In chicken eggs, for example, the 

thicker the eggshell the stronger it will be 

structurally. The tightly fused palisade layer, 

with its narrow and combined interstitial 

spaces, makes the eggshell stronger [62].  

Eggshell color, strength, weight and 

thickness are all related to the egg’s quality. 

Lighter color indicates a tenderer eggshell 

with a higher number of eggshell pores 

[116].  

The porous nature of the avian 

eggshell is essential for gas exchange by the 

embryo.  The columns of the palisade layer 

form narrow pores which cross the eggshell 

and allow for the passage of O2 and CO2.  

The size and number of these sub-

microscale pores play an important role in 

the exchange of materials such as gases and 

other chemicals because they determine 

which molecules can traverse the eggshell 

and how efficiently they can do so [119].   
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Underlying the cuticle and the 

eggshell are the outer and inner eggshell 

membranes which are rich in keratin and 

lined by mucopolysaccharide [30, 105, 111].  

The eggshell membrane consists of flexible 

fibers which partition the albumen and yolk 

[34, 86, 104]. The outer eggshell membrane 

contains thick fibers intermingled with 

narrow fibers, acting as a barrier and thus 

helping to prevent infection [44, 111, 114]. 

The egg albumen mainly contains 

proteins such as lysozyme, avidin, and 

ovotransferrin [40].  These chemical 

components of the albumen provide a 

second line of defense against microbial 

infections.  Lysozyme has lytic activity 

against Gram-negative bacterial lipid A of 

lipopolysaccharide (LPS) and hydrolyzes 

glycosidic bonds in microbial proteoglycans 

[66, 102].  Ovotransferrin defends against 

bacterial infection by a different mechanism: 

it prevents bacterial growth by means of its 

iron chelating activity [40]. In addition to 

these components of the albumen, the egg 

yolk contains several classes of antibodies 

with bacteriostatic characteristics.  The 

predominant immunoglobin in egg yolk is 

IgG, but IgM and IgA are also present [33, 

73-74]. 

Sea turtle eggs are used as a food 

source by some people living in coastal 

regions of the world, including Oman, and 

detailed ultrastructural studies relating to 

their eggs have been reported.  In particular, 

Al-Bahry et al. [5, 15] have studied the eggs 

of the green turtle, Chelonia mydas, and the 

loggerhead, Caretta caretta.  The structure 

of sea turtle eggshells is somewhat different 

from that of birds.  It is made up of three 

major layers: the outer calcareous, the 

middle multistrata, and the inner shell 

membrane. The calcareous layer consists of 

different sizes and shapes of nodular units 

that are loosely attached to each other, 

creating uneven spaces that allow for air, 

water and heat exchange. The multistrata 

layer is composed of numerous highly 

compacted strata with various shapes of 

crystals.  It is made up of small units with 

irregular pores that connect the calcareous 

layer with the inner shell membrane. The 

inner shell membrane consists of a network 

of reticular fibers. In the eggs of the 

loggerhead, this network of reticular fibers 

is particularly extensive which makes the 

eggshell membrane sturdier. 

 

3.  Mechanisms and Consequences of 

Bacterial infection 

 Eggs can become infected with 

bacteria either by vertical transmission from 

the mother or by horizontal transmission 
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from the surroundings.  Vertical 

transmission takes place in the reproductive 

system, specifically in the ovaries and 

oviduct, when the eggshell has not yet 

formed and microbes are capable of 

penetrating the egg relatively easily. 

Horizontal transmission can take place 

during laying as a result of exposure to 

contaminated oviductal fluid or fecal 

material [8, 10, 36].  Alternatively, eggs can 

become infected via horizontal transmission 

after laying.  In this case, the contamination 

is derived from feces or other sources in the 

environment [47, 114].  Contaminated fecal 

material plays a major role in horizontal 

infection when there are breaks in the 

eggshell [36].  Horizontal transmission may 

take place soon after laying, or later during 

collection, shipping and storage.  If 

refrigeration is inadequate during shipping 

and storage, bacterial growth can lead to 

rapid deterioration of the egg contents.  

 Foodborne microbes can cause a 

variety of infections, and outbreaks resulting 

from egg contamination are on the rise, 

becoming public health concerns and 

leading to significant economic losses [76, 

117].  Egg contamination with Salmonella 

was reported to be the most common 

infection in the United States and Europe 

during the last few years [65], followed by 

Staphylococcus aureus [117] and other 

Gram negative bacteria [36]. Chills, 

abdominal cramps, headache, fever, 

vomiting and diarrhea are common 

symptoms [39]. In some cases, microbial 

pathogens and spoilage-opportunistic 

microbes cause outbreaks of infection 

specifically in immunocompromised 

individuals.  

 Such food spoilage microbes respond 

to the egg’s defenses in ways that allow 

them to survive in the harsh egg 

environment. Many pathogens adopt 

mechanisms that enable them to grow and 

reproduce inside the egg where they may 

secrete toxins that cause food poisoning [9].   

 For a successful infection, a microbial 

pathogen has to accomplish three things:  

adherence to the egg, penetration of the 

eggshell, and survival within the albumen 

and yolk. Achieving these three steps then 

enables the pathogen to grow and multiply 

in the interior of the egg.  It is of great 

importance to understand these processes so 

that such infections can be prevented or 

minimized.  Since many bacteria have 

developed mechanisms enabling them to 

survive and multiply within host cells and 

within eggs [112], it is best if they are never 

allowed to invade the host in the first place. 
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 Recent ultrastructural studies using 

scanning electron microscopy have revealed 

that microbes can penetrate through specific 

pores of eggshells to establish successful 

infection in the albumen and yolk [5, 9, 15, 

18, 69, 87].  The eggshell pores are therefore 

considered a portal of entry for infectious 

bacteria [106]. 

 Many investigators have used artificial 

infection of eggs in order to understand the 

processes by which bacteria penetrate the 

eggshell, albumen and yolk.  Such 

experiments involve the application of a 

known inoculum of bacteria to the egg under 

carefully controlled conditions.  Not 

surprisingly, the longer the egg is exposed to 

the spoilage microbes, the higher the rate of 

penetration [9, 46].  In addition, a higher 

microbial concentration in the inoculum 

results in a higher rate of penetration [88]. 

Javed et al. [77] reported that 1 x 10
6
 colony 

forming units per milliliter (cfu/mL) of 

Salmonella can penetrate egg components 

within 3-5 minutes, and Cason et al. [46] 

found that S. typhimurium can infect eggs in 

6 minutes. Berrang et al. [36] reported that 

with 10
4
 cfu/mL of Salmonella, infection 

occurs within 30 minutes, whereas with a 

lower Salmonella concentration (10
3
 

cfu/mL) penetration took 2 hours. This 

indicates clearly that inoculum size is an 

important factor affecting the infection 

process in Salmonella spp.  Similar findings 

have been reported by Catalano and Knabel 

[47] and Al-Bahry et al. [9]. 

 Some investigators have reported 

different mechanisms of infection according 

to the microbial species. Penetration by 

motile bacteria is faster than by non-motile 

forms. The non-motile microbes are 

nevertheless able to diffuse through the 

eggshell in a moist environment [9, 69].  

Among the motile Gram-negative bacteria, 

such as Pseudomonas, Escherichia, and 

Salmonella, different mechanisms of 

infection are used [9]. Some species, such as 

S. typhimurium, gain entry by becoming 

coccobacilli in shape [9, 18, 92].  

 Al-Bahry et al. [9] compared the rates 

of eggshell penetration by Pseudomonas 

aeruginosa, S. typhimurium and E. coli and 

found that P. aeruginosa penetrated most 

readily.  On the other hand, De Reu et al. 

[53] found that the rates of penetration of P. 

aeruginosa and S. enteritidis were similar. 

Al-Bahry et al. [9] also reported that S. 

typhimurium and Staphylococcus aureus that 

had invaded chicken eggs had a lower 

microbial population in the albumen 

compared to the yolk, probably due to 

antimicrobial substances in the albumen 

such as ovotransferrin and lysozyme [40]. 
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Similar results have been reported for S. 

typhimurium in turtle eggs [5]. However, P. 

aeruginosa and E. coli were able to resist 

the antimicrobial activities in the albumen 

[9]. Although yolk is rich in IgM, IgG and 

IgA immunoglobulins, it is nevertheless 

considered to be an excellent nutrient 

medium for microbial growth [5, 9, 40, 92]. 

 The infection mechanisms of these 

bacteria are also temperature dependent, 

with the optimum growth temperature for 

infection ranging between 35 and 37ºC [9, 

117].  The optimum conditions for infection 

would be an environment that is warm and 

moist.  The presence of oxygen also 

enhances microbial penetration of eggs [80]. 

Infections can be minimized by 

taking appropriate precautions during 

collection, preservation and transportation of 

eggs.  Proper environmental conditions in 

laying facilities should be maintained, with 

nest sanitation paramount [93], and facilities 

should be kept cool and dry [68]. Proper 

temperature procedures should be adhered 

to, along with the proper storage 

temperature in the retail markets. 

Commercial procedures are now 

making wide use of pasteurization [67]. It 

should be noted that cooking methods are 

very important. Blankenship et al. [38] and 

Davidson and Witty [51] reported that 

boiling an egg for 15 min is effective. 

However, it has been suggested that if 

massive levels of microbes are present no 

cooking method is safe [55]. In particular, 

frying, soft cooking and scrambling are not 

sufficient to kill all pathogens [31, 75]. It 

has also been reported that by means of 

altered gene regulation, some pathogens are 

able to adapt to low and high pH conditions, 

enabling them to survive in either acidic or 

alkaline environments. 

 

4.  Antimicrobial drug resistance 

 Microbial contamination of food is a 

serious concern, but the seriousness of the 

problem is compounded by the increasing 

prevalence of antibiotic drug resistant 

(ADR) microbes.  Spreading of ADR 

microbes, specifically in food, is becoming a 

serious global concern that has a direct 

impact on human health. After a half century 

of antimicrobial drug usage, the World 

Health Organization (WHO) in 2014 

reported for the first time a drastic global 

diminishment in the effectiveness of the 

antimicrobial drugs which control pathogens 

[115]. This report covers 114 countries, 

indicating that resistance to antimicrobial 

drugs is serious and widespread. 

 Although antibiotic-resistance can 

arise in the human microbiome as a result of 
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clinical therapeutic use of these drugs, the 

digestive tracts of farm animals are an even 

more significant breeding ground for ADR 

microbes.  This is due to the excessive 

prophylactic use of antibiotics as additives 

in animal feed, and the consequent natural 

selection of microbes that carry resistance 

determinants [17].  This of course ultimately 

makes the drugs inactive against pathogens 

and thus ineffective in the use for which 

they are intended.  It is estimated that more 

than 80% of ADR microbes have emerged 

as a result of antibiotic usage in animal feed 

stocks [78].  

 Continuous usage of antimicrobial 

drugs in animal feed has improved animal 

health and led to better and more efficient 

egg and meat production. However, this 

practice has aggravated the emergence of 

ADR bacteria, which has led to increasing 

frequency of food infection outbreaks [35].  

ADR microbes are now the major cause of 

outbreaks from contaminated food. 

 Since food animal operations on farms 

are a major source of ADR microbes, they 

clearly provide opportunities for these 

microbes to spread to chicken eggs.  As 

discussed above, this can occur either by 

vertical transmission from an infected hen, 

or horizontally from fecal material.  

However, ADR microbes can also reach 

eggs and other foods from the broader 

environment.   

 Antibiotic resistance has become 

nearly ubiquitous in the environment [17], 

and globally ADR microbes have been 

reported from a wide variety of different 

habitats [26, 43, 45, 82-83, 90, 98, 110].  

ADR microbes can enter terrestrial and 

aquatic environments via runoff from 

feedlots or from fields where manure is 

spread as fertilizer, and via industrial and 

municipal waste streams.  Sewage treatment 

plants are not able to eliminate these 

microbes and may even breed them when 

waste streams include effluent from 

hospitals and pharmaceutical industries [17].   

 Contaminated sewage effluents are 

probably one of the main sources of 

pollution in Oman.  Pollution from these 

sources may affect underground water that is 

used in food production and consumption 

[16-17].  ADR microbes have been isolated 

from prepared food, chicken carcasses and 

intestines, well water, water distribution 

systems and soil [1-5, 12-13, 16-17].  

Contaminated sewage effluents have been 

reported to transfer the ADR microbes to 

terrestrial and marine habitats, even after 

tertiary treatment of waste water.  This has 

resulted in infections of fish and sea turtles. 
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ADR bacteria have been isolated from fish, 

turtles and snails in Oman [5-6, 85].  

 ADR bacteria have been isolated from 

sea turtle eggs and oviductal fluids [5, 8, 10, 

15, 17].  Many coastal communities with 

large sea turtle populations, in Oman for 

example, consume turtle eggs in their diet. 

When these eggs are infected, consumption 

can lead to serious illnesses [4, 6, 8]. 

5.  Mycoses 

Several different species of fungi 

have been isolated from sea turtle eggs, and 

the presence of these organisms is associated 

with reduced hatching success and the death 

of embryos [57, 60-61, 94].  Ultrastructural 

studies reveal that pathogenic fungi invade 

egg contents by means of hyphae [60-61, 

107-108], and the fungi use the internal egg 

contents as a source of nutrients [60-61].   

Investigators have found that fungi 

isolated from unhatched eggs, embryos and 

sand samples are all similar [60-61, 84, 89, 

94-95, 97, 107-108].  Pathogenic fungi that 

have been isolated from sea turtle eggs 

include Aspergillus and Fusarium species, 

and many of the species that have been 

found are mycotoxigenic.  These include F. 

moniliforme, A. ochraceus, A. flavus, and 

Penicillium spp. [57, 60-61, 84, 89, 95-96, 

107]. In some cases mutagenic mycotoxins 

such as aflatoxin are produced by these 

organisms [79, 91].  For example, A. flavus 

isolated from eggshells of green turtles 

(Chelonia mydas), was found to secrete 

aflatoxin at concentrations between 0.3 and 

28 ppb when grown in liquid medium [61].  

Fungal growth in eggshells can also inhibit 

gas exchange and deplete the calcium 

content of the eggshell, affecting embryonic 

development [107]. 

 

6.  Heavy Metals and Persistent Organic 

Pollutants 

In addition to contamination by 

microbes, eggs can become contaminated 

with chemical pollutants that are acquired 

from the environment or from animal feed.  

The chemicals of concern can be either 

inorganic heavy metals or organic 

compounds. As with microbial 

contamination, sewage that is released to the 

environment is often the ultimate source of 

these pollutants. However, they may also be 

derived from agricultural operations, 

industrial activity, mining, or natural 

processes such as forest fires and volcanism.  

For example, Yildiz and Yener [118] 

reported heavy metal contamination that 

came from soil contaminated with volcanic 

material.   

Heavy metal pollution has been 

reported in both terrestrial and marine 
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habitats [15, 20-25, 103], and even treated 

sewage can be a source of this 

contamination. Studies have revealed that 

heavy metals are not entirely removed 

during sewage water treatment [5-6, 11, 15, 

20-24].  Treated industrial sewage effluent 

and sludge contain various heavy metals 

depending on the source of the effluent [15-

16, 20-24, 71, 103]. 

If such effluents are used in the 

production of poultry feed, heavy metals 

may ultimately be incorporated into eggs.  

Contamination of chicken feed and other 

animal feed with heavy metals has been 

reported, and metals such as Cd, Cu, Mn, Ni 

and Zn have been detected in egg 

components [32, 52, 99].This can affect egg 

quality and may lead to undesirable 

consequences when the eggs are consumed.   

Eggs become contaminated with 

heavy metals during eggshell formation [42, 

58].  Appropriate levels of some minerals 

and metals are important for optimum 

production of eggs, and some metals, such 

as Fe, Cu, Co, Mn and Zn, are essential trace 

elements for growth of both microbes and 

higher organisms [7].  However, at higher 

concentrations these trace elements become 

toxic due to their ability to bind to biological 

molecules, leading to enzyme inactivity, 

neurotoxicity, and induction of mutations 

and cancers in humans and other animals 

[72]. Some heavy metals, such as Pb, are 

highly toxic even at low levels [52, 118].  

Environmental pollution appears to 

be the source of heavy metal contamination 

in sea turtle eggs.  Heavy metals have been 

detected in green turtle eggs using X-ray 

microanalysis with scanning electron 

microscopy, and study of the yolk of green 

turtles eggs from Ras Al-Hadd, Oman, has 

revealed that nest sand was the source of the 

Cr, Co, Cu, Pb, Hg, Ni and Se found in 

those eggs [15, 25].  

Fish feeding near the dumping site of 

treated sewage water have been found to 

contain heavy metals, providing clear 

evidence that treated waste streams can be a 

source of contamination [22].  It is likely 

that sea turtle feeding habitats and nesting 

areas are also being polluted by industrial 

effluents contaminated with heavy metals 

[19].  Some of the heavy metals detected in 

eggshells, such as Y, Yb and Te, are rare in 

nature but are heavily used in industry [19, 

56]. Thus, heavy metals in biological 

samples are an indication of environmental 

contamination from industrial waste [15, 19-

24, 81].  

Persistent organic pollutants (POP) 

are chemicals that remain undegraded in the 

environment for long periods of time and 
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have undesirable effects on wildlife and on 

human health. POP bioaccumulate in the 

food chain and may become toxic when 

consumed by organisms at the top of the 

food chain.  There are two types of POP: 

naturally occurring substances that arise 

from wildfires and volcanic activity, and 

synthetic, man-made chemicals such as 

pesticides, pharmaceuticals and solvents.  

The two categories differ in the severity of 

the diseases that they cause [100].  

Dioxins, DDT (1,1,1-trichloro-2,2-

di(4-chlorophenyl)ethane), polychlorinated 

biphenyls (PCBs) and chlorinated pesticides 

are the most common POP.  These 

compounds have been found in egg contents 

from small private farms as well as from 

large commercial farms; in fact, Van 

Overmeire et al. [113] reported greater 

contamination in eggs from private farms 

than from commercial farms. The soil is the 

source of these contaminants.  Some of these 

compounds, such as DDT, can cause 

thinning of the eggshell [109].  Dioxin has 

been found in eggs by some European 

investigators [29, 59, 63-64, 70].   

In Oman, samples from poultry 

farms have been found to be contaminated 

with antimicrobial drugs [3, 9, 12-14]. 

Although strict regulations have been 

introduced, they are not sufficiently 

enforced, and the use of antibiotics in 

animals is still widespread.  In some 

countries, regulations concerning 

antimicrobial drug use on farms still need to 

be implemented.  According to Donoghue 

[54], American farmers are generally in 

compliance with Food and Drug 

Administration (FDA) and US Department 

of Agriculture (USDA) regulations on the 

use of antimicrobial drugs. However, many 

consumers continue to worry about the drug 

and hormone content of foods, including 

poultry products. Presence of antimicrobial 

drugs in foods can cause several health 

problems including general toxicity, 

hypersensitivity reactions, teratogenicity and 

carcinogenicity. In addition, tetracycline 

deposition in bones can cause inhibition of 

bone growth [49]. Tetracycline, macrolides, 

β-lactams, sulfonamides, lincosamides and 

quinolone have all been detected in egg 

contents [37]. Other investigators have 

reported that the contents of most foods, 

including eggs, exceeded World Health 

Organization (WHO) maximum residue 

levels and that tetracycline was the most 

commonly detected drug [50]. Similar cases 

have been reported in Oman [12, 14]. 

 

7.  Conclusions: 
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In summary, eggs are one of the 

most common foods and are used in many 

food products, but egg quality is 

significantly affected by microbial and 

chemical contaminants.   Bacterial 

contamination is very common in eggs and 

consumption of contaminated eggs may lead 

to serious infections. Many chemicals, 

including heavy metals, pesticides, 

antibiotics and other drugs, may also 

contaminate eggs during their development. 

Such contaminants are extremely dangerous 

and can lead to serious health problems.   

Although regulations to control the 

egg industry have been adopted in many 

countries to prevent these types of 

contamination, they are not necessarily 

adequate and the industry does not always 

comply.  In order to reduce the various types 

of contamination and minimize the adverse 

effects on human health, more rigorous 

enforcement of and adherence to the 

established rules and standards will be 

essential.  In addition, further research on 

methods and approaches to prevent and deal 

with egg contamination is badly needed, and 

should contribute significantly to improved 

public health. 
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