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Abstract

:

Nutritional or classical rickets (here labeled as “rickets”) is a worldwide disease involving mostly infants and young children having inadequate sunlight exposure, often associated with a low dietary intake of Vitamin D. Rickets targets all layers of society independently of economic status with historical information spanning more than two millennia. Vitamin D is critical for the absorption of calcium and prevention of rickets in children as well as osteomalacia in adults. The initial and misleading paradigm of the 19th and 20th centuries that rickets may have been the consequence of infection has been, indeed, reversed following the identification of the Vitamin D molecule’s important role in the function of the immune system. Although traditionally considered limited to osteopathology, Vitamin D deficiency is now known to be linked to infection, inflammation, and carcinogenesis. In this review, we consider the key historical (Whistler, pre-Whistler and post-Whistler descriptors) and social facts around rickets; highlight the osteo-pathological features of rickets and the pathology of the upper and lower respiratory tract, stressing the fact that lungs remain the main secondary organ affected by Vitamin D deficiency; and emphasize the public health role in identifying the cases of child neglect or abuse based on the evaluation of the costochondral region.
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1. Introduction


Rickets is no longer considered a disease of the past or a disease that is limited to low-income countries. In fact, there has been a resurgence of interest in rickets and Vitamin D status to the degree that was not thought of at the end of the 20th century. The number of publications and diseases that may be associated with Vitamin D deficiency is rapidly increasing, and more and more clinical laboratories are being asked to measure 25-hydroxy(OH)-Vitamin D (25[OH]D) levels [1,2,3,4,5] by both physicians and legal courts [6,7]. Large population surveys, such as the Nutrition Examination Survey and National Health, have suggested that many children and pregnant women may be affected by Vitamin D deficiency at some point during their lifetime [8,9,10,11,12,13]. Change of habits, such as less sunlight exposure, indoor living, dietary choices, and increasing rates of dietary allergy, are likely playing a significant role in the increase of this rate in some segments of the worldwide population according to the most recent evaluation of public health indicators [11,14,15,16,17,18,19,20,21,22].



Vitamin D is a fat-soluble vitamin, which has a unique metabolic pathway in that it is chiefly produced in the skin during sunlight exposure, unlike vitamins A, E, and K that are strictly absorbed from the diet. Conventionally, Vitamin D plays a leading role in calcium homeostasis. Vitamin D deficiency is a major cause of rickets, osteomalacia, and osteoporosis in the human population [23,24,25,26]. More recently, the link between Vitamin D deficiency and impaired immunity, inflammatory response and dysregulated cancer pathways has been emphasized [27,28,29]. In fact, immune system cellular components possess Vitamin D receptors (VDRs) that can bind the active form of Vitamin D (calcitriol, 1,25-dihydroxyVitamin D, 1,25(OH)2D) [30,31,32,33]. The storage form of Vitamin D, which is 25-hydroxyvitamin D, or 25(OH)D, can be converted by activated T and B cells to 1,25(OH)2D in human cells in vitro [34]. The 1,25(OH)2D acts locally on the immune cells in both autocrine and paracrine manners. Moreover, peripheral blood mononuclear cells (PBMC) harbor VDRs providing support for a significant role of Vitamin D in the regulation of the immune system and infectious diseases [35]. Box 1 includes a list of etiologic factors associated with Vitamin D deficiency.



In this review, we report on the history of the “English Disease”, highlight the osteopathological features of rickets as well as the pathology of the respiratory tract, and discuss the leading role of public health in identifying cases of child neglect or abuse, and the impact of socio-ideological debates.



Box 1. Etiologic Factors involved in Vitamin D Deficiency.






↓ Nutritional intake of Vitamin D



	
Exclusive breastfeeding > 6 months



	
↓ Maternal Vitamin D stores



	
Malabsorption

	○

	
Gluten-sensitive enteropathy (GSE)




	○

	
Non-GSE malabsorption syndromes




	○

	
Cystic fibrosis (CF)




	○

	
Non-CF-related pancreatic insufficiency




	○

	
Biliary atresia (BA)




	○

	
Non-BA extrahepatic obstructive cholangiopathies















↓ Synthesis or ↑ degradation of 25(OH)D



	
Liver cirrhosis



	
Non-cirrhotic chronic liver disease



	
↑ Vitamin D metabolism (e.g., isoniazid, rifampicin, and anticonvulsants therapy)



	
↑ Skin pigmentation



	
↓ Sun exposure:

	○

	
Sunscreen with protection factor > 8, type of clothing, shades




	○

	
Latitude > 40 degrees (North or South), “long winters”, air polluted geographical areas, and “perennial clouding” geographical areas






















2. Historical Notes


The year 1645 is commonly recognized as the opening year for the scientific literature on rickets. That year is mostly famous for several events linked to the English Civil War and to the battle of Jankau of the Thirty Years’ War. In the same year, two public health events happened, i.e., Black Death (plague) causing many town or city councils, such as Edinburgh, to prohibit all gatherings except for weddings or funerals; and Jeanne Mance founding the Hôtel-Dieu de Montréal, the first hospital in North America [36]. In 1645, David Whistler (1619–1684) defended his M.D. thesis at the University of Leiden, the Netherlands, with the title “De morbo puerile anglorum, quem patrio idiomate indigenae vocant the Rickets” (Concerning the disease of English children, which in English it is called “Rickets”) [37]. History of medicine is fascinating and digging into the archives may reveal impressive results. To the best of our knowledge and following retrieval of documents, David Whistler is known as the first physician who published an imposing scientific work on rickets. The English disease or “Morbum Anglorum” was more than a disease and had and will have notable impact on social and industrial life. Dr. Whistler named the rickets “Paedosplanchosteocaces”, a rational, but probably awkward name, which was not favored by the scientific community and future generations [38]. In 1684, Dr. Whistler was appointed as President of the College of Physicians in England, but he died the same year when his thesis was re-published.



The awareness of the disease must have existed years before Dr. Whistler’s thesis, as is evident in the painting by Hans Burgkmair completed in 1509 [39]. Neither poor nor powerful families were able to prevent their children from suffering from rickets during the Renaissance. Even members of the Medici family, one of the most powerful families during the Italian Renaissance (16th and 17th centuries), suffered from Vitamin D deficiency-related bone changes, as shown by examination of their skeletons [40,41,42,43]. Rickets was also known in Italy in the 16th century based on the description of a child of the Medici family who was found to suffer from rickets [41]. A child of the Medici family identified as Don Filippino (1577–1582), son of the Grand Duke Francesco I (1541–1587) and Johanna from Austria (1547–1578) was found still wearing high-social status clothes during the search of the Medici Chapels in the Basilica of San Lorenzo in Florence, Italy. Osteo-archeologists using 13C and 15N bone collagen analysis could identify a number of pathological lesions, including porosity shown in the skull, orbits, costochondral regions, and growth plates of long bones in addition to the enlargement of rib ends and bending of long bones [42]. Probably, prolonged breast-feeding, often for children older than two years, inadequate solid food diet, and poor sunlight exposure have been causative at that time. Children who were frail were often confined indoor with poor exposure to sunlight. Another remarkable pre-Whistler rickets case may have been represented in Caravaggio’s Amore dormiente [44,45,46].



Earlier pre-Whistler descriptors may be found in a Greek physician, Soranus (Σωρανός) of Ephesus, who practiced in Rome during the 1st and 2nd centuries as one of the chief representatives of the Methodic school of medicine. He describes some bone deformities, which may have been rickets, attributing this disease to improper childcare. Another reference may have been that of Claudius Galenus (Κλαύδιος Γαληνός) (of Pergamon, Mysia, Anatolia, now Bergama, Turkey), another Greek physician of the Roman Empire, who also wrote of a disease suggesting the appearance of rickets in De Morborum Causis. However, he attributed the chest deformities of the affected infants and toddlers to the pressure of swaddling clothes [47,48,49,50,51]. Pre-Whistler descriptions also include pre-Christian era episodes in China that help to delineate some difficulties and ambiguities of the clinical picture of rickets. Noel Joseph Terence Montgomery Needham CH FRS FBA (1900–1995) was a British scientist, historian and sinologist, who travelled multiple times into Eastern countries [52]. Indeed, a number of diseases, including rickets, were brilliantly known in ancient China. Iconography of the industrial cities of Germany and Holland, at least 200 years before Whistler’s description, definitely support the thesis that rickets existed to some extent at all times and periods of the world’s history [46,53,54].



It is common knowledge that Dr. Whistler’s first description of rickets was eclipsed by Dr. Glisson’s scientific contribution of five years later. Francis Glisson (1597–1677), born and raised in Rampisham, Dorset, published a book on rickets, which was particularly appreciated by both the scientific and public communities. His publication “De Rachitide Sive Morbo Puerili, qui Vulgo The Rickets dicitur, Tractatus” is dated 1650 [55]. Dr. Glisson received the credit, but in the text more contributing authors were mentioned as well. This report has been recognized as the first official statement from a medical college for both scientific and public audiences using physical evidence and inquiry rather than purely theoretical speculation, emphasizing both clinical and anatomical features of the disease with the help of the morbid anatomy. Glisson’s book “De Rachidite” (1650) was inspiring. Glisson, in addition to being Regius Professor of Physics, Cambridge (1636–1677), and President of the Royal College of Physicians (1667–1670), was also one of the first fellows of the Royal Society (1663).



The existence of rickets at that time may be further supported by an autopsy performed on an 18-month-old child in June 1666 by John Locke. He mentioned in his report that the child was harboring ‘rachitic bony changes’ [56,57,58,59]. Rickets was identified as the cause of death, although the child also had an Ebstein anomaly of the heart, becoming the topic of fervent discussion [60,61,62]. John Locke FRS (1632–1704) was an English philosopher and physician, following the tradition of Sir Francis Bacon, supporting the social contract theory, with encyclopedic works spanning from epistemology and science to political philosophy [57].



Glisson’s influential position in medicine made rickets soon become the English disease of the pre-Industrial Revolution in the British Isles. Among several causes, dietary deficiencies, social, economic and environmental issues must have played a significant role, as cities and towns of Victorian England and Wessex were particularly enveloped in smog. Glasgow physician, William Macewan, had probably unsurpassed experience with children with rickets using osteotomy to treat the leg deformities at the end of the 19th century [63]. He suggested that environmental factors (e.g., sunlight deprivation) dominated the poor nutrition. Cod liver oil was often proposed as one of the therapies and Thomas Percival in Manchester in the 18th century was the first reporting its medical use [64]. However, many physicians were hypercritical against cod liver as a specific therapy for rickets [65]. After the 1st world war (WWI), the “sunshine movement” seemed to prevail, although the medical community and the public were of the opinion that both specific dietary deprivations and environmental restrictions contribute to rickets [28]. Two more prominent figures may have approached and conquered the rickets scene, i.e., Florence Nightingale and Hugh Owen Thomas. Ms. Nightingale, OM, RRC (1820–1910) was an English social reformer and professional statistician. She was particularly worried about miasma, a postulated malignant influence in the atmosphere, and characteristically formulated how miasma may cause and promote several diseases [66]. Mr. Thomas (1834–1891) was a Welsh surgeon and is considered the father of orthopedic surgery in Britain. His adoptive family was engaged in bone-setting, a practice of joint manipulation, forerunners of chiropractors, osteopaths, and physical therapists [67]. Thomas also devised beds for children improvised from soap boxes placed outside their homes, and later, on the sun-exposed balconies at the Sea Side Hospital [68]. The nurses and physicians became inspired by seeing a home for crippled children and, with the help and powerful influence of Robert Jones, a hospital model took kindly shape involving location in the countryside, regular open air, and plenty of sunshine time. Although rickets was probably not the primary diagnosis of children admitted to the “sunshine” hospitals, the sunshine must have promoted healing of rickets in many patients.



Undeniably, the “sunshine” movement was in full swing probably years before scientific proof became available in its support. Although the association between rickets and air pollution functioning as a barrier to sunlight in industrial and high density domestic areas of Britain using coal burning was not appreciated, and heavily contested by some layers of the public and the economic parties, the British Medical Association (BMA) was a pillar of change. In 1889, a BMA working party issued an official report on the geographical distribution of rickets as well as other diseases involving large industrial towns and their environments at that period and a Cumbrian general practitioner published a report, which became key for the treatment of rickets [69]. Following his graduation from Edinburgh University, Dr. Theobald Adrian Palm (1848–1928) joined a Medical Mission in Niigata, Japan. Dr. Palm was impressed by the absence of patients with rickets, which impelled him to request his colleagues as to their experiences in other countries worldwide. Dr. Palm’s data led to an inspiring epidemiological conclusion that there is an inverse relationship between prevalence of rickets and exposure to the sun [70,71]. Between 1914 and 1918, most of the Austro-Hungarian and Prussian-German empires were under a stiff blockade imposed by the British navy and Russian army. Inadequate food supply for most of the population was common and rickets was common in children and adolescents in wartime Vienna, Budapest, and Berlin [71]. Orphanages were not well organized and most of these poorly nourished orphans had only limited time of outdoor activity. In this tragic context, Kurt Huldschinsky (1883–1940), a German Pediatrician of Polish heritage (Prussian) noted the pale skin of his young patients. Dr. Huldschinsky served in the Reichswehr as a field medic during WWI. In the winter of 1918/1919, he successfully demonstrated how rickets could be treated with ultra-violet (UV) lamps [72]. It is estimated that an impressive proportion of German children, perhaps half of them, suffered from rickets. Heliotherapy was a common protocol for numerous illnesses and seemed to be promising in healing or at least relieving some manifestations of rickets. He tried to adapt existing X-ray technology to generate artificial UV and photographs of that time show radiation-exposed children wearing sunglasses. He gave children calcium supplements and irradiated them with quartz mercury-vapor lamps, which emit wavelengths ranging from 200 to 600 nm, ultraviolet B (UVB) being wavelengths between 290 and 320 nm [73,74,75]. Interestingly, Huldschinsky showed that exposure shined on only one arm indeed cured rickets in both arms, and hypothesized that a chemical compound was synthesized in response to UV light that could intimately diffuse throughout the affected child.



Dr. Huldschinsk’s hypothesis was brilliant and came at the time numerous exciting publications came out following Casimir Funk’s discovery in 1912 of vital amines or vitamins [76]. Sir Edward Mellanby (1884–1955) discovered Vitamin D and its potential role in preventing rickets in 1919 [77,78,79]. Sir Mellanby uniquely discovered that cod liver oil could reverse rickets in porridge-fed caged dogs. The appointment as professor of pharmacology at the University of Sheffield in 1920 was followed by the secretary position he received at the Medical Research Council from 1933 to 1949 and was awarded the Royal Medal, the Buchanan Medal and knighted in 1937 having received the Knight Grand Cross of the Most Excellent Order of the British Empire (GBE) in 1948. His suggestions were confirmed by two independent and thorough pediatric studies in Vienna, Austria emphasizing that both cod liver oil and sunlight exposure were indeed successful in healing rickets [80]. Pre-Whistlerian, Whistler’s and post-Whistlerian data form the basis for the current recommendations of several medical societies worldwide [65].




3. Osteopathology


Vitamin D deficiency results in rickets in children with growing bones, and osteomalacia in adults with completed growth and closed growth plates [7]. The characteristic features of rickets are centered during the endochondral ossification, which is responsible for the longitudinal growth of long bones. In endochondral ossification proliferating cartilage is progressively replaced by bone. A good vascular supply is crucial for this process. The growth plates or epiphyseal plates are the locations where the endochondral ossification occurs. No further longitudinal growth takes place once the growth plates are closed. The appositional or intramembranous ossification also contributes to the growth of long bones, but mostly in width and occurs mainly along periosteal surfaces in flat bones and long bones. There is no intermediate cartilaginous phase in the appositional ossification. It begins with proliferation of mesenchymal connective cells that build up a connective tissue based membrane, which subsequently is replaced directly by mature bone. Two types of bone are seen according to the stage of maturation, woven bone or lamellar bone. The first is immature bone present during fetal development or in the early stages of bone repair. The collagen fibers are randomly distributed. A crisscross pattern of the collagen fibers is recognized in the immature bone on light microscopy. Subsequently, the tissue is mature bone, which is present in normal adult stages and a light microscopic view shows collagen fibers that are arranged in a parallel fashion. Children with rickets have irregular, broadened, cup shaped epiphyseal growth plates around knees, ankles and wrists, while adults with osteomalacia have bone formed during remodeling, which is poorly mineralized, predisposing them to fractures. Clinico-radiological and biochemical evaluations are usually sufficient for diagnosis. Radiologically, there is a generalized osteopenia with multiple bilateral and symmetrical linear fractures, which are interpreted as insufficiency or stress fractures. Histology of the growth plate shows thickened, poorly defined architecture. There is, particularly on metaphyseal side, a disarrangement of the growth plate with prolonged structures of uncalcified cartilage potentially extending into metaphysis and wide osteoid seams (Figure 1).



In adults, there is a wide, non-calcified matrix surrounding disorganized bony trabeculae associated with irregular and granular junction between osteoid and mineralized bone. Bone volume may also be increased. In Box 2, the characteristics of the epiphyseal physis and medullary bone are highlighted [7]. In particular, the zone of provisional calcification seen in children with rickets is poorly defined with only a few of the defective bars between the almost non-existent columns of chondrocytes showing deposition of mineral. Two diagnoses need to be ruled out clinically, biochemically and/or genetically: hypophosphatasia [81,82] and metaphyseal chondrodysplasia [67].



Box 2. Epiphyseal Physis and Medullary Bone Histologic Changes in Rickets.






Epiphyseal Physis:



	(1)

	
Enlargement of the epiphyseal plate in height and width.




	(2)

	
Enlargement and distortion of the hypertrophic cell zone with poorly definition of the zone of provisional calcification associated with loss of the normal architecture of the cellular columns with small amount of intervening matrix.




	(3)

	
Failure of adequate mineralization and vascular invasion.




	(4)

	
Normal resting cartilage with prolongations (so-called “tongues”) of viable cartilage without histologic evidence of active endochondral replacement.










Medullary Bone:



	(1)

	
↓ Medullary bone with thin and irregular bony trabeculae with an extended layer of un-mineralized bone (osteoid seams) surrounding mineralized bony segments.




	(2)

	
↓ Bony component in both trabecular and cortical bones.

















4. Respiratory Tract Pathology


In the last two decades, an intense investigation around Vitamin D and its metabolism has been recorded identifying its important roles in cell signaling during both the adaptive and innate immune response to bacterial and viral infections [30,31,32,83,84,85,86,87,88,89,90]; for example, cholecalciferol in the management of tuberculosis (TB) [14,91,92]. In addition to the conventional T, B, and natural killer (NK) cells, there is a group of recently recognized innate lymphoid cells (ILCs) involved in mediating the host defense [93]. Unlike T and B cells, which are active in adaptive immunity against pathogenic microorganisms in an antigen-specific fashion, ILCs respond to invaders in the absence of somatically rearranged antigen receptors and in a prompt manner. Human respiratory cells are able to convert 25(OH)D to 1,25(OH)2D in human respiratory epithelium cells in vitro [94]. Moreover, several types of respiratory infections, including respiratory syncytial virus and tuberculosis have been associated with 1,25(OH)2D and/or 25(OH)D in the immune response in vitro [94,95,96]. There is a plethora of articles identifying the link between 25(OH)D or 1,25(OH)2D deficiency and infectious diseases cited in Sundaram and Coleman (2012) [27]. Observational studies have been performed with influenza virus [97,98,99,100,101], TB [102], RSV [95,103], and other respiratory diseases [104,105,106,107].



The National Health and Nutrition Examination Survey (NHANES), a program intended to measure the health and nutritional status of both children and adults in the United States uniquely combining interviews and physical examinations, has issued estimates that about half of the U.S. population have 25(OH)D lower than 30 ng/mL [106]. More severe Vitamin D deficiency, as defined as 25(OH)D lower than 10 ng/mL, may be a condition affecting 2% of Americans [106]. In fact, significantly lower levels of Vitamin D seem to have been present in children with respiratory diseases, older adults, women, and individuals that have dark skin pigmentation, which may be an at-risk population [108,109,110,111].



There is a series of studies cited in Sundaram and Coleman (2012) [27] showing lower levels of 25(OH)D in serum to be associated with an increased risk of respiratory infections in infants, children, and adults. In two large, population-based investigations carried out in the United Kingdom [104] and the United States [112], there was evidence of a strong, dose-responsive association between lower levels of 25(OH)D and increased risk of upper respiratory infections. In particular, children appear to be more susceptible to increased severity of acute respiratory infection, specifically lobar pneumonia, if they have a concurrent Vitamin D deficiency [27]. The Vitamin D seems to act as powerful immune system modulator, preventing excessive expression of inflammatory cytokines and increasing the “oxidative burst” potential of activated macrophages. This vitamin stimulates the expression of potent antimicrobial peptides, present in neutrophilic granulocytes, monocytes, natural killer cells, and in bronchial/alveolar cells of respiratory tract, playing a major role in protecting the lungs from infection [27]. The detailed mechanisms are under intense investigations, but there is some evidence that certain single nucleotide polymorphisms (SNPs) of Vitamin D receptor (VDR), are associated with the risk of acute infections of the lower respiratory tract in children [113]. The TaqI polymorphism has been associated with lower VDR protein levels and the FokIff SNP seems to cause some downregulation of the Vitamin D target gene, CYP24A1, which codes for an enzyme that degrades 1,25(OH)2D [114,115]. Thus, more studies on SNPs and VDR functionality may be important in the future.



Pneumonia remains, indeed, the most important cause of morbidity and mortality in children less than five years old worldwide [7]. About 43% of 200 Iranian children admitted to the hospital with radiographically proven rickets had classic signs of bronchopneumonia [116], about half of 250 Kuwaiti children with rickets had pneumonia or bronchopneumonia [117], and even four out of five of Egyptian children with rickets showed acute respiratory infections at some point during hospitalization [118]. As mentioned earlier, this association between rickets and pneumonia may be explained by the effects of 1,25(OH)2D3 on the immune system, because calcitriol stimulates phagocyte-dependent and antibody-dependent macrophage cytotoxicity modulating simultaneously T and B cell function [30,31,32,83,84,85,86,87,88,89,90].



Supplementation with Vitamin D in randomized controlled trials has produced variable results [27]. In fact, the supplementation of calcitriol (1,25(OH)2D3) as a compound or adjuvant molecule to increase the efficacy of an influenza vaccine in both general adult population and human immunodeficiency virus-infected adults has shown no significant effect [119,120,121]. A study involving Vitamin D supplementation to patients harboring prostate cancer was also associated with no improved serologic response to an influenza vaccine. However, the baseline concentration of Vitamin D in the same cohort of patients seems to have been associated with an enhanced response to influenza vaccine inoculation [100]. Japanese school children receiving Vitamin D supplementation also experienced a significant reduction of seasonal influenza A [99] with some partial support from another investigation [101]. In a systematic review, 13 controlled trials were considered [122]. Yamshchikov et al. suggested that further research into Vitamin D supplementation may be needed for tuberculosis and viral infections of the upper respiratory tract using a rigorously designed clinical trials methodology to thoroughly evaluate the relationship between Vitamin D status and the immune response to infection [122].




5. Public Health and Socio-Ideological Debate


Rickets is not only a public health issue, but also a topic of socio-ideological debate, particularly in England. The deficiency of Vitamin D persisted as a “familiar disease” of working class until the 2nd world war (WWII) when it was virtually eradicated through the institution of supplementation programs [123,124]. The new National Health Service (NHS) developed a number of preventions for disease prevention [125]. The success of Britain over rickets in wartime included first, rationing and state-run canteens with sufficient nutritious diet for poor layers of the society; second, the mandatory supplementation using exclusive milling of bulky, nutrient-rich high-extraction flour and fortifying flour with calcium, as well as margarine with Vitamin D and A; third, Vitamin D supplementation of the nursing mothers, infants and toddlers [126,127]. In 1954, victory over rickets was announced [123,128]. However, in the early 1960s, an apparent increase in rickets was observed [129,130]. In the early 1960s, higher rates of rickets were seen among recent migrants to Britain from the “New Commonwealth” (the so-called “Asian Rickets”) [123,124,131]. The health of Asian and non-white migrants became a delicate issue brought into political discussions steadily. As suggested by Bivins [123,124], the ideology and politics behind Vitamin D deficiency and/or fortification are intrinsically intertwined with the history of rickets and governmental choices. Medical professionals and the British Medical Association continued to insist on the return of rickets [123]. Rickets regained its place on the discussion agenda of the parliamentary debate only in 1971 when a further reduction in the delivery of free school milk was proposed because of the fragile economy. In the meantime, the arrival of refugee families, particularly of South Asian descent, filled tabloids and newspapers. The rise of the identity of rickets as “Asian Rickets” was gaining debate in the political sphere ignoring a generation of British-born children of Asian heritage. The reality is that the English Disease was only apparently transformed into the Asian disease, because osteomalacia was still prevalent among elderly of all ethnic origins. Similar to the 1970s and 1980s calls for fortification, wider supplementation and more active governmental engagement have produced little action even today, because rickets has not disappeared entirely from the British Isles.



Rickets is probably underdiagnosed in many Western countries, but also in Asia [132,133,134,135,136], and it is also rising in countries with fast changing nutritional habits, e.g., China [22,132,133,135,137,138,139,140,141,142,143,144,145,146,147,148,149,150]. Children in Western countries are, however, also at risk if living in some high-risk groups. Dwyer et al. (1979) studied records of the dietary intake of preschool vegetarian children and found that macrobiotic vegetarian diets provided marginal amounts of Vitamin D, calcium, and phosphorus [151]. Moreover, the same authors found that Vitamin D supplementation was rarely given. Children on macrobiotic diets showed physical and roentgenographic findings indicative of rickets more often than in the case of other vegetarian diets. In fact, Dagnelie et al. also studied the Vitamin D metabolism in Caucasian 10–20-month-old infants on a macrobiotic diet and on omnivorous diets. They found that low availability of calcium in the macrobiotic diet was an independent factor in causing the high prevalence of rickets in these infants [152]. Macrobiotic diet avoids milk products and includes a high fiber intake. Both components may have adverse effects on bone development in young children. Thus, rickets has been reported and is a dramatic reality in immigrant children not only in the United Kingdom, but worldwide [153,154,155,156,157,158,159].



Rickets due to child abuse and child neglect is unfortunately also present in our societies [6,7,16,160,161,162,163,164,165,166]. Child neglect rarely receives attention, usually only when traces of physical ill-treatment can be observed [162,164]. Infections of the lower respiratory tract may pass unnoticed by a social worker. Public health policies are not focused on rickets (Vitamin D supplementation and screening programs) and many pediatricians think that it is a disease of the past, assuming that children have adequate access to fortified milk. The latter, however, does not take into account either the ever-growing consumption of carbonated beverages instead of milk or the social situation of children, particularly among the refugees [167,168,169,170,171,172,173]. Alcohol abuse is present in many families that abuse or neglect children. Alcohol and other drug use can affect children both prenatally through maternal alcohol consumption and postnatally through environmental factors that reinforce alcohol intake and their own alcohol/drug abuse [174,175,176,177,178,179,180,181]. Child neglect may also be unintentional [175]. Other social risk factors could also play a role as trigger factors, such as immaturity, unemployment, and poverty.



Compulsory home-visitation service by nurses for improving maternal and child health is probably the best preventive measure. This has been confirmed by a 15-year follow-up study of a randomized trial in a semirural community in New York [182,183]. In an interesting evaluation of child neglect in Dusseldorf, Germany, Dr. Trube-Becker stresses that the suspicion of negligence was only raised by the autopsy findings and no doctor or social services have been called upon when the child was still alive, highlighting the importance of a strong cooperation between family doctors, social workers, health authorities, and pediatric clinics staff to identify and address neglect early on [162,164]. Educational programs for young parents need to be updated without criminalization of some sectors of the populations, and the learning process should be carefully evaluated in a close follow-up, particularly in families at risk. Doctors should not limit their services to the physical health of children, but also their social and emotional wellbeing to help identify the family problems and risk factors. The value of a valid program of home-visitation service by nurses and other healthcare providers should not be underestimated as a means to reduce the number of cases of child abuse and neglect.







Acknowledgments


No funding was obtained for this work.




Author Contributions


M.Z. and C.S. conceived the work; C.S. designed the study and analysis plan and wrote the first and last drafts of the manuscript; F.S., J.T., and X.C. discussed the receptor issues and commented on the vitamin metabolism; and A.P. reviewed critically the manuscript and commented on the influence of professional societies on Vitamin D metabolism. Both A.P. and C.S. are members of the American Academy of Pediatrics. All authors edited and approved the final version of the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Morris, H.A.; Turner, A.G.; Anderson, P.H. Vitamin-D regulation of bone mineralization and remodelling during growth. Front. Biosci. 2012, 4, 677–689. [Google Scholar] [CrossRef]

	



Saggese, G.; Vierucci, F.; Boot, A.M.; Czech-Kowalska, J.; Weber, G.; Camargo, C.A., Jr.; Mallet, E.; Fanos, M.; Shaw, N.J.; Holick, M.F. Vitamin D in childhood and adolescence: An expert position statement. Eur. J. Pediatr. 2015, 174, 565–576. [Google Scholar] [CrossRef] [PubMed]

	



Vojinovic, J.; Cimaz, R. Vitamin D-update for the pediatric rheumatologists. Pediatr. Rheumatol. Online J. 2015, 13, 18. [Google Scholar] [CrossRef] [PubMed]

	



Kalra, S.; Aggarwal, S. Vitamin D deficiency: Diagnosis and patient centred management. J. Pak. Med. Assoc. 2015, 65, 569–573. [Google Scholar] [PubMed]

	



Kitanaka, S. Vitamin D dependency and its treatment. Clin. Calcium 2016, 26, 277–283. [Google Scholar] [PubMed]

	



Kepron, C.; Pollanen, M.S. Rickets or abuse? A histologic comparison of rickets and child abuse-related fractures. Forensic. Sci. Med. Pathol. 2015, 11, 78–87. [Google Scholar] [CrossRef] [PubMed]

	



Sergi, C.; Linderkamp, O. Pathological case of the month: Classic rickets in a setting of significant psychosocial deprivation. Arch. Pediatr. Adolesc. Med. 2001, 155, 967–968. [Google Scholar] [CrossRef] [PubMed]

	



Chesney, R.W.; Mehls, O.; Anast, C.S.; Brown, E.; Hammerman, M.R.; Portale, A.; Fallon, M.D.; Mahan, J., Jr.; Alfrey, A.C. Renal osteodystrophy in children: The role of Vitamin D, phosphorus, and parathyroid hormone. Am. J. Kidney Dis. 1986, 7, 275–284. [Google Scholar] [CrossRef]

	



Pettifor, J.M.; Prentice, A. The role of Vitamin D in paediatric bone health. Best Pract. Res. Clin. Endocrinol. Metab. 2011, 25, 573–584. [Google Scholar] [CrossRef] [PubMed]

	



Prentice, A. Nutritional rickets around the world. J. Steroid Biochem. Mol. Biol. 2013, 136, 201–206. [Google Scholar] [CrossRef] [PubMed]

	



Prentice, A. Vitamin D deficiency: A global perspective. Nutr. Rev. 2008, 66, S153–S164. [Google Scholar] [CrossRef] [PubMed]

	



Prentice, A.; Schoenmakers, I.; Laskey, M.A.; de Bono, S.; Ginty, F.; Goldberg, G.R. Nutrition and bone growth and development. Proc. Nutr. Soc. 2006, 65, 348–360. [Google Scholar] [CrossRef] [PubMed]

	



Chesney, R.W. Vitamin D and the magic mountain: The anti-infectious role of the vitamin. J. Pediatr. 2010, 156, 698–703. [Google Scholar] [CrossRef] [PubMed]

	



Beck-Nielsen, S.S. Rickets in Denmark. Dan. Med. J. 2012, 59, B4384. [Google Scholar] [PubMed]

	



Alles, M.S.; Eussen, S.R.; van der Beek, E.M. Nutritional challenges and opportunities during the weaning period and in young childhood. Ann. Nutr. Metab. 2014, 64, 284–293. [Google Scholar] [CrossRef] [PubMed]

	



Ameen, S.; Staub, L.; Ulrich, S.; Vock, P.; Ballmer, F.; Anderson, S.E. Harris lines of the tibia across centuries: A comparison of two populations, medieval and contemporary in central Europe. Skelet. Radiol. 2005, 34, 279–284. [Google Scholar] [CrossRef] [PubMed]

	



Assiri, A.; Saeed, A.; AlSarkhy, A.; El Mouzan, M.I.; El Matary, W. Celiac disease presenting as rickets in Saudi children. Ann. Saudi Med. 2013, 33, 49–51. [Google Scholar] [PubMed]

	



Holick, M.F. High prevalence of Vitamin D inadequacy and implications for health. Mayo Clin. Proc. 2006, 81, 353–373. [Google Scholar] [CrossRef] [PubMed]

	



Kaganov, B.; Caroli, M.; Mazur, A.; Singhal, A.; Vania, A. Suboptimal micronutrient intake among children in Europe. Nutrients 2015, 7, 3524–3535. [Google Scholar] [CrossRef] [PubMed]

	



Pettifor, J.M. Vitamin D &/or calcium deficiency rickets in infants & children: A global perspective. Indian J. Med. Res. 2008, 127, 245–249. [Google Scholar] [PubMed]

	



Vahlquist, B. Two-century perspective of some major nutritional deficiency diseases in childhood. Acta Paediatr. Scand. 1975, 64, 161–171. [Google Scholar] [PubMed]

	



Wandel, M. Nutrition-related diseases and dietary change among third world immigrants in northern Europe. Nutr. Health 1993, 9, 117–133. [Google Scholar] [CrossRef] [PubMed]

	



Alpert, P.T.; Shaikh, U. The effects of Vitamin D deficiency and insufficiency on the endocrine and paracrine systems. Biol. Res. Nurs. 2007, 9, 117–129. [Google Scholar] [CrossRef] [PubMed]

	



Amorim Cruz, J.A. Nutrition and osteoporosis: Facts and uncertainties about calcium and Vitamin D recommendations. Forum. Nutr. 2003, 56, 178–181. [Google Scholar] [PubMed]

	



Calvo, M.S.; Uribarri, J. Public health impact of dietary phosphorus excess on bone and cardiovascular health in the general population. Am. J. Clin. Nutr. 2013, 98, 6–15. [Google Scholar] [CrossRef] [PubMed]

	



Cashman, K.D. Vitamin D in childhood and adolescence. Postgrad. Med. J. 2007, 83, 230–235. [Google Scholar] [CrossRef] [PubMed]

	



Sundaram, M.E.; Coleman, L.A. Vitamin D and influenza. Adv. Nutr. 2012, 3, 517–525. [Google Scholar] [CrossRef] [PubMed]

	



DeLuca, H.F. Vitamin D: Historical overview. Vitam. Horm. 2016, 100, 1–20. [Google Scholar] [PubMed]

	



Ogunkolade, B.W.; Boucher, B.J.; Fairclough, P.D.; Hitman, G.A.; Dorudi, S.; Jenkins, P.J.; Bustin, S.A. Expression of 25-hydroxyVitamin D-1-alpha-hydroxylase mRNA in individuals with colorectal cancer. Lancet 2002, 359, 1831–1832. [Google Scholar] [CrossRef]

	



Bah, S.Y.; Dickinson, P.; Forster, T.; Kampmann, B.; Ghazal, P. Immune oxysterols: Role in mycobacterial infection and inflammation. J. Steroid Biochem. Mol. Biol. 2016. [Google Scholar] [CrossRef] [PubMed]

	



Zittermann, A.; Pilz, S.; Hoffmann, H.; Marz, W. Vitamin D and airway infections: A European perspective. Eur. J. Med. Res. 2016, 21, 14. [Google Scholar] [CrossRef] [PubMed]

	



Gleeson, M. Immunological aspects of sport nutrition. Immunol. Cell Biol. 2016, 94, 117–123. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Neme, A.; Nurminen, V.; Seuter, S.; Carlberg, C. The Vitamin D-dependent transcriptome of human monocytes. J. Steroid Biochem. Mol. Biol. 2016, 164, 180–187. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.; Sims, G.P.; Chen, X.X.; Gu, Y.Y.; Chen, S.; Lipsky, P.E. Modulatory effects of 1,25-dihydroxyVitamin D3 on human B cell differentiation. J. Immunol. 2007, 179, 1634–1647. [Google Scholar] [CrossRef] [PubMed]

	



Manolagas, S.C.; Provvedini, D.M.; Tsoukas, C.D. Interactions of 1,25-dihydroxyVitamin D3 and the immune system. Mol. Cell. Endocrinol. 1985, 43, 113–122. [Google Scholar] [CrossRef]

	



Kyle, R.A.; Shampo, M.A. Jeanne Mance: Founder of Hotel Dieu of Montreal. Mayo Clin. Proc. 1988, 63, 212. [Google Scholar] [CrossRef]

	



Whistler, D. “De morbo puerile anglorum, quem patrio idiomate indigenae vocant the Rickets” (Concerning the disease of English children, which in English it is called “Rickets”). M.D. Thesis, Universiteit Leiden, Academia Lugduno-Batava, Leiden, The Netherland, 1645. [Google Scholar]

	



Nova et Vetera. Paedosplanchnosteocaces. BMJ 1925, 2, 1080. [Google Scholar]

	



Cone, T.E., Jr. A rachitic infant painted by Burgkmair 136 years before Dr. Whistler described rickets. Clin. Pediatr. 1980, 19, 194. [Google Scholar] [CrossRef]

	



Vitiello, A.; Fornaciari, A.; Giusiani, S.; Fornaciari, G.; Giuffra, V. The Medici children (Florence, XVI–XVII centuries): Anthropological study and proposal of identification. Med. Secoli. 2015, 27, 29–49. [Google Scholar] [PubMed]

	



Castagna, M.; Giuffra, V.; Fattori, S.; Vitiello, A.; Caramella, D.; Giustini, D.; Fornaciari, G. Rickets at the medici court of florence: The case of Don Filippino (1577–1582). Med. Secoli 2014, 26, 779–792. [Google Scholar] [PubMed]

	



Fornaciari, G.; Vitiello, A.; Giusiani, S.; Giuffra, V.; Fornaciari, A.; Villari, N. The Medici project first anthropological and paleopathological results of the exploration of the Medici tombs in Florence. Med. Secoli 2007, 19, 521–543. [Google Scholar] [PubMed]

	



Giuffra, V.; Vitiello, A.; Caramella, D.; Fornaciari, A.; Giustini, D.; Fornaciari, G. Rickets in a high social class of renaissance Italy: The Medici children. Int. J. Osteoarchaeol. 2015, 25, 608–624. [Google Scholar] [CrossRef]

	



Frenk, S.; Faure-Fontenla, M.A. Rachitis, not arthritis, in Caravaggio’s sleeping child. Lancet 1995, 345, 801. [Google Scholar] [CrossRef]

	



Frenk, S. Rickets. Int. Child Health 1993, 4, 69–75. [Google Scholar]

	



Foote, J. Evidence of rickets prior to 1650. Am. J. Dis. Child. 1927, 34, 443–452. [Google Scholar] [CrossRef]

	



Ihde, A.J. Studies on the history of rickets. II. The roles of cod liver oil and light. Pharm. Hist. 1975, 17, 13–20. [Google Scholar] [PubMed]

	



Ihde, A.J. Studies on the history of rickets. I. Recognition of rickets as a deficiency disease. Pharm. Hist. 1974, 16, 83–88. [Google Scholar] [PubMed]

	



Ebstein, W. Uber das Vorkommen rachitischer Skelettveränderungen im Altertum und im Mittelalter. Virchow’s Arch. 1908, 193, 519–545. [Google Scholar]

	



Soranus, E. «On Gynecology» (Sorani Gynaeciorium, Libri IV); The Johns Hopkins University Press: Baltimore, MD, USA; London, UK, 1991. [Google Scholar]

	



Galenus, C. «On Hygiene» (de Sanitate Tuenda); Charles Thomas Books: Springfield, MD, USA, 1951. [Google Scholar]

	



Gwei-Djen, L.; Needham, J. Records of diseases in ancient China. Am. J. Chin. Med. 1976, 4, 3–16. [Google Scholar] [PubMed]

	



Ernst, H. Die Alt Niederlandische Malerei; Eugen Diederichs Verlag: Jena, Germany, 1924. [Google Scholar]

	



Ernst, H. Die Alt Deutsche Malerei; Eugen Diederichs Verlag: Jena, Germany, 1909. [Google Scholar]

	



Glisson, F. De Rachitide Sive Morbo Puerili Qui Vulgo the Rickets Dicitur; Dugard: London, UK, 1650. [Google Scholar]

	



Locke, J. The Correspondence of John Locke to John Locke Senior 20 December 1660; Clarendon Press: Oxford, UK, 1989; Volume 1, p. 162. [Google Scholar]

	



Dewhurst, K. John Locke (1632–1704), Physician and Philosopher: A Medical Biography; Wellcome Historical Medical Library: London, UK, 1963; p. 6. [Google Scholar]

	



Fox Bourne, H.R. The life of John Locke. In Bibliographica Brittanica; Kessinger Press: Whitefish, MT, USA, 1876; pp. 3009–4298. [Google Scholar]

	



Conrad LI, N.M.; Nutton, V.; Porter, R.; Wear, A. The Western Medical Tradition; Cambridge University Press: Cambridge, UK, 1995. [Google Scholar]

	



Williams, A.N. John Locke, “Rhickets” and the cardiopulmonary circulation. Pediatr. Cardiol. 2012, 33, 115–121. [Google Scholar] [CrossRef] [PubMed]

	



Williams, A.N.; Wilson, N.; Sunderland, R. Philosopher, pediatrician, pathologist? John Locke’s thoughts on Rickets and a missed case of Ebstein’s anomaly. Pediatr. Cardiol. 2009, 30, 191–193. [Google Scholar] [CrossRef] [PubMed]

	



Dewhurst, K. Post-mortem examination on case of rickets performed by John Locke. Br. Med. J. 1962, 2, 1466. [Google Scholar] [PubMed]

	



Macewan, W. Osteotomy with an Enquiry into the Aetiology and Pathology of Knock-Knee, Bow-Leg and other Osseous Deformities of the Lower Limbs; Churchill: London, UK, 1880. [Google Scholar]

	



Fenwick, S. Outlines of Medical Treatment, 3rd ed.; Churchill: London, UK, 1891. [Google Scholar]

	



Gibbs, D. Rickets and the crippled child: An historical perspective. J. R. Soc. Med. 1994, 87, 729–732. [Google Scholar] [PubMed]

	



Nightingale, F. Nursing the sick. In A Dictionary of Medicine; Quain, R., Ed.; Longmans Green: London, UK, 1882. [Google Scholar]

	



Sergi, C.; Graf, M.; Jung, C.; Sohn, C.; Adam, S.; Krempien, B.; Otto, H.F. Resting cartilage and the growth plate in dystrophic dysplasia: Case report and clinicopathologic characteristics as compared to pseudodystrophic dysplasia and type II atelosteogenesis. Pathologe 1998, 19, 379–383. [Google Scholar] [CrossRef] [PubMed]

	



Carter, A.J. Hugh Owen Thomas the cripple’s champion. BMJ 1991, 303, 1578–1581. [Google Scholar] [CrossRef] [PubMed]

	



British Medical Association (BMA). Report of the collective investigation committee of the BMA. BMJ 1888, 1, 1309–1322. [Google Scholar]

	



Palm, T.A. The geographical distribution and aetiology of rickets. Practitioner 1890, 45, 270–279. [Google Scholar]

	



Chesney, R.W. Theobald Palm and his remarkable observation: How the sunshine vitamin came to be recognized. Nutrients 2012, 4, 42–51. [Google Scholar] [CrossRef] [PubMed]

	



Huldschinsky, K. Heilung von Rachitis durch kunssliche Hohensonne. Dtsch. Med. Wochenschr. 1919, 45, 712. [Google Scholar] [CrossRef]

	



György, P. Die Behandlung und Verhütung der Rachitis und Tetanie: Nebst Bemerkungen zu ihrer Pathogenese und Aetiologie; Verlag von Julius Springer: Berlin, Germany, 1929. [Google Scholar]

	



Huldschinsky, K. Die Behandlung der Rachitis durch Ultraviolettbestrahlung. Z. Orthop. Chir. 1920, 39, 426. [Google Scholar]

	



Riedel, G. Die Erfolge der Quartzlichtbestrahlung bei Rachitis. Munchener Med. Wochenschr. 1920, 67, 838. [Google Scholar]

	



Rosenfeld, L. Vitamine—Vitamin. The early years of discovery. Clin. Chem. 1997, 43, 680–685. [Google Scholar] [PubMed]

	



Hawgood, B.J. Sir Edward Mellanby (1884–1955) GBE KCB FRCP FRS: Nutrition scientist and medical research mandarin. J. Med. Biogr. 2010, 18, 150–157. [Google Scholar] [CrossRef] [PubMed]

	



Mellanby, E. An experimental investigation on rickets. 1919. Nutrition 1989, 5, 81–86. [Google Scholar] [PubMed]

	



Parascandola, J.; Ihde, A.J. Edward Mellanby and the antirachitic factor. Bull. Hist. Med. 1977, 51, 507–515. [Google Scholar] [PubMed]

	



Medical Research Council. Studies of Rickets in Vienna 1919–22 (Special Report Series No. 77); HMSO: London, UK, 1923. [Google Scholar]

	



Baumgartner-Sigl, S.; Haberlandt, E.; Mumm, S.; Scholl-Burgi, S.; Sergi, C.; Ryan, L.; Ericson, K.L.; Whyte, M.P.; Hogler, W. Pyridoxine-responsive seizures as the first symptom of infantile hypophosphatasia caused by two novel missense mutations (c.677t>c, p.M226t; c.1112c>t, p.T371i) of the tissue-nonspecific alkaline phosphatase gene. Bone 2007, 40, 1655–1661. [Google Scholar] [CrossRef] [PubMed]

	



Sergi, C.; Mornet, E.; Troeger, J.; Voigtlaender, T. Perinatal hypophosphatasia: Radiology, pathology and molecular biology studies in a family harboring a splicing mutation (648+1a) and a novel missense mutation (n400s) in the tissue-nonspecific alkaline phosphatase (TNSALP) gene. Am. J. Med. Genet. 2001, 103, 235–240. [Google Scholar] [CrossRef] [PubMed]

	



Rosella, D.; Papi, P.; Giardino, R.; Cicalini, E.; Piccoli, L.; Pompa, G. Medication-related osteonecrosis of the jaw: Clinical and practical guidelines. J. Int. Soc. Prev. Community Dent. 2016, 6, 97–104. [Google Scholar] [PubMed]

	



Hendaus, M.A.; Jomha, F.A.; Ehlayel, M. Allergic diseases among children: Nutritional prevention and intervention. Ther. Clin. Risk Manag. 2016, 12, 361–372. [Google Scholar] [CrossRef] [PubMed]

	



Mattozzi, C.; Paolino, G.; Richetta, A.G.; Calvieri, S. Psoriasis, Vitamin D and the importance of the cutaneous barrier’s integrity: An update. J. Dermatol. 2016, 43, 507–514. [Google Scholar] [CrossRef] [PubMed]

	



Stokes, P.J.; Rimmer, J. The relationship between serum Vitamin D and chronic rhinosinusitis: A systematic review. Am. J. Rhinol. Allergy 2016, 30, 23–28. [Google Scholar] [CrossRef] [PubMed]

	



Luthje, P.; Brauner, A. Novel strategies in the prevention and treatment of urinary tract infections. Pathogens 2016, 5. [Google Scholar] [CrossRef] [PubMed]

	



Domingues-Faria, C.; Vasson, M.P.; Goncalves-Mendes, N.; Boirie, Y.; Walrand, S. Skeletal muscle regeneration and impact of aging and nutrition. Ageing Res. Rev. 2016, 26, 22–36. [Google Scholar] [CrossRef] [PubMed]

	



Szymczak, I.; Pawliczak, R. The active metabolite of Vitamin D3 as a potential immunomodulator. Scand. J. Immunol. 2016, 83, 83–91. [Google Scholar] [CrossRef] [PubMed]

	



Sarkar, S.; Hewison, M.; Studzinski, G.P.; Li, Y.C.; Kalia, V. Role of Vitamin D in cytotoxic t lymphocyte immunity to pathogens and cancer. Crit. Rev. Clin. Lab. Sci. 2016, 53, 132–145. [Google Scholar] [CrossRef] [PubMed]

	



Randle, H.W. Suntanning: Differences in perceptions throughout history. Mayo Clin. Proc. 1997, 72, 461–466. [Google Scholar] [CrossRef] [PubMed]

	



Howell, J. Niels Ryberg Finsen, 1903. In Nobel Laureates in Medicine or Physiology: A Biographical Dictionary; Fox, D.M., Meldrum, M., Rezak, I., Eds.; Garland Publishing: New York, NY, USA, 1990; pp. 181–183. [Google Scholar]

	



Shih, H.Y.; Sciume, G.; Mikami, Y.; Guo, L.; Sun, H.W.; Brooks, S.R.; Urban, J.F., Jr.; Davis, F.P.; Kanno, Y.; O’Shea, J.J. Developmental acquisition of regulomes underlies innate lymphoid cell functionality. Cell 2016, 165, 1120–1133. [Google Scholar] [CrossRef] [PubMed]

	



Hansdottir, S.; Monick, M.M. Vitamin D effects on lung immunity and respiratory diseases. Vitam. Horm. 2011, 86, 217–237. [Google Scholar] [PubMed]

	



Hansdottir, S.; Monick, M.M.; Lovan, N.; Powers, L.; Gerke, A.; Hunninghake, G.W. Vitamin D decreases respiratory syncytial virus induction of NF-kappa-b-linked chemokines and cytokines in airway epithelium while maintaining the antiviral state. J. Immunol. 2010, 184, 965–974. [Google Scholar] [CrossRef] [PubMed]

	



Liu, P.T.; Stenger, S.; Li, H.; Wenzel, L.; Tan, B.H.; Krutzik, S.R.; Ochoa, M.T.; Schauber, J.; Wu, K.; Meinken, C.; et al. Toll-like receptor triggering of a Vitamin D-mediated human antimicrobial response. Science 2006, 311, 1770–1773. [Google Scholar] [CrossRef] [PubMed]

	



Young, G.A.; Underdahl, N.R.; Carpenter, L.E. Vitamin D intake and susceptibility of mice to experimental swine influenza virus infection. Proc. Soc. Exp. Biol. Med. 1949, 72, 695–697. [Google Scholar] [CrossRef] [PubMed]

	



Urashima, M.; Segawa, T.; Okazaki, M.; Kurihara, M.; Wada, Y.; Ida, H. Randomized trial of Vitamin D supplementation to prevent seasonal influenza A in schoolchildren. Am. J. Clin. Nutr. 2010, 91, 1255–1260. [Google Scholar] [CrossRef] [PubMed]

	



Urashima, M.; Mezawa, H.; Noya, M.; Camargo, C.A., Jr. Effects of Vitamin D supplements on influenza A illness during the 2009 H1N1 pandemic: A randomized controlled trial. Food Funct. 2014, 5, 2365–2370. [Google Scholar] [CrossRef] [PubMed]

	



Chadha, M.K.; Fakih, M.; Muindi, J.; Tian, L.; Mashtare, T.; Johnson, C.S.; Trump, D. Effect of 25-hydroxyVitamin D status on serological response to influenza vaccine in prostate cancer patients. Prostate 2011, 71, 368–372. [Google Scholar] [CrossRef] [PubMed]

	



Aloia, J.F.; Li-Ng, M. Re: Epidemic influenza and Vitamin D. Epidemiol. Infect. 2007, 135, 1095–1098. [Google Scholar] [PubMed]

	



Tostmann, A.; Wielders, J.P.; Kibiki, G.S.; Verhoef, H.; Boeree, M.J.; van der Ven, A.J. Serum 25-hydroxy-Vitamin D3 concentrations increase during tuberculosis treatment in Tanzania. Int. J. Tuberc. Lung Dis. 2010, 14, 1147–1152. [Google Scholar] [PubMed]

	



Belderbos, M.E.; Houben, M.L.; Wilbrink, B.; Lentjes, E.; Bloemen, E.M.; Kimpen, J.L.; Rovers, M.; Bont, L. Cord blood Vitamin D deficiency is associated with respiratory syncytial virus bronchiolitis. Pediatrics 2011, 127, e1513–e1520. [Google Scholar] [CrossRef] [PubMed]

	



Berry, D.J.; Hesketh, K.; Power, C.; Hypponen, E. Vitamin D status has a linear association with seasonal infections and lung function in British adults. Br. J. Nutr. 2011, 106, 1433–1440. [Google Scholar] [CrossRef] [PubMed]

	



Li-Ng, M.; Aloia, J.F.; Pollack, S.; Cunha, B.A.; Mikhail, M.; Yeh, J.; Berbari, N. A randomized controlled trial of Vitamin D3 supplementation for the prevention of symptomatic upper respiratory tract infections. Epidemiol. Infect. 2009, 137, 1396–1404. [Google Scholar] [CrossRef] [PubMed]

	



Ginde, A.A.; Mansbach, J.M.; Camargo, C.A., Jr. Vitamin D, respiratory infections, and asthma. Curr. Allergy Asthma Rep. 2009, 9, 81–87. [Google Scholar] [CrossRef] [PubMed]

	



Black, P.N.; Scragg, R. Relationship between serum 25-hydroxyVitamin D and pulmonary function in the third national health and nutrition examination survey. Chest 2005, 128, 3792–3798. [Google Scholar] [CrossRef] [PubMed]

	



Wayse, V.; Yousafzai, A.; Mogale, K.; Filteau, S. Association of subclinical Vitamin D deficiency with severe acute lower respiratory infection in Indian children under 5 y. Eur. J. Clin. Nutr. 2004, 58, 563–567. [Google Scholar] [CrossRef] [PubMed]

	



McNally, J.D.; Leis, K.; Matheson, L.A.; Karuananyake, C.; Sankaran, K.; Rosenberg, A.M. Vitamin D deficiency in young children with severe acute lower respiratory infection. Pediatr. Pulmonol. 2009, 44, 981–988. [Google Scholar] [CrossRef] [PubMed]

	



Cashman, K.D.; Wallace, J.M.; Horigan, G.; Hill, T.R.; Barnes, M.S.; Lucey, A.J.; Bonham, M.P.; Taylor, N.; Duffy, E.M.; Seamans, K.; et al. Estimation of the dietary requirement for Vitamin D in free-living adults >=64 y of age. Am. J. Clin. Nutr. 2009, 89, 1366–1374. [Google Scholar] [CrossRef] [PubMed]

	



Oliveri, B.; Plantalech, L.; Bagur, A.; Wittich, A.C.; Rovai, G.; Pusiol, E.; Lopez Giovanelli, J.; Ponce, G.; Nieva, A.; Chaperon, A.; et al. High prevalence of Vitamin D insufficiency in healthy elderly people living at home in Argentina. Eur. J. Clin. Nutr. 2004, 58, 337–342. [Google Scholar] [CrossRef] [PubMed]

	



Ginde, A.A.; Mansbach, J.M.; Camargo, C.A., Jr. Association between serum 25-hydroxyVitamin D level and upper respiratory tract infection in the third national health and nutrition examination survey. Arch. Intern. Med. 2009, 169, 384–390. [Google Scholar] [CrossRef] [PubMed]

	



Roth, D.E.; Jones, A.B.; Prosser, C.; Robinson, J.L.; Vohra, S. Vitamin D receptor polymorphisms and the risk of acute lower respiratory tract infection in early childhood. J. Infect. Dis. 2008, 197, 676–680. [Google Scholar] [CrossRef] [PubMed]

	



Alimirah, F.; Peng, X.; Murillo, G.; Mehta, R.G. Functional significance of Vitamin D receptor Fokl polymorphism in human breast cancer cells. PLoS ONE 2011, 6, e16024. [Google Scholar] [CrossRef] [PubMed]

	



Ogunkolade, B.W.; Boucher, B.J.; Prahl, J.M.; Bustin, S.A.; Burrin, J.M.; Noonan, K.; North, B.V.; Mannan, N.; McDermott, M.F.; DeLuca, H.F.; et al. Vitamin D receptor (VDR) mRNA and VDR protein levels in relation to Vitamin D status, insulin secretory capacity, and VDR genotype in Bangladeshi Asians. Diabetes 2002, 51, 2294–2300. [Google Scholar] [CrossRef] [PubMed]

	



Salimpour, R. Rickets in Tehran. Study of 200 cases. Arch. Dis. Child. 1975, 50, 63–66. [Google Scholar] [CrossRef] [PubMed]

	



Lubani, M.M.; al-Shab, T.S.; al-Saleh, Q.A.; Sharda, D.C.; Quattawi, S.A.; Ahmed, S.A.; Moussa, M.A.; Reavey, P.C. Vitamin-D-deficiency rickets in Kuwait: The prevalence of a preventable disease. Ann. Trop. Paediatr. 1989, 9, 134–139. [Google Scholar] [CrossRef] [PubMed]

	



Lawson, D.E.; Cole, T.J.; Salem, S.I.; Galal, O.M.; el-Meligy, R.; Abdel-Azim, S.; Paul, A.A.; el-Husseini, S. Etiology of rickets in Egyptian children. Hum. Nutr. Clin. Nutr. 1987, 41, 199–208. [Google Scholar] [PubMed]

	



Kriesel, J.D.; Spruance, J. Calcitriol (1,25-dihydroxy-Vitamin D3) coadministered with influenza vaccine does not enhance humoral immunity in human volunteers. Vaccine 1999, 17, 1883–1888. [Google Scholar] [CrossRef]

	



Cooper, C.; Thorne, A.; Canadian HIV Trials Network (CTN) Influenza Vaccine Research, G. Vitamin D supplementation does not increase immunogenicity of seasonal influenza vaccine in HIV-infected adults. HIV Clin. Trials 2011, 12, 275–276. [Google Scholar] [CrossRef] [PubMed]

	



Avenell, A.; Cook, J.A.; Maclennan, G.S.; Macpherson, G.C. Vitamin D supplementation to prevent infections: A sub-study of a randomised placebo-controlled trial in older people (record trial, isrctn 51647438). Age Ageing 2007, 36, 574–577. [Google Scholar] [CrossRef] [PubMed]

	



Yamshchikov, A.V.; Desai, N.S.; Blumberg, H.M.; Ziegler, T.R.; Tangpricha, V. Vitamin D for treatment and prevention of infectious diseases: A systematic review of randomized controlled trials. Endocr. Pract. 2009, 15, 438–449. [Google Scholar] [CrossRef] [PubMed]

	



Bivins, R. Ideology and disease identity: The politics of rickets, 1929–1982. Med. Humanit. 2014, 40, 3–10. [Google Scholar] [CrossRef] [PubMed]

	



Bivins, R. “The English disease” or “Asian rickets”? Medical responses to postcolonial immigration. Bull. Hist. Med. 2007, 81, 533–568. [Google Scholar] [CrossRef] [PubMed]

	



Webster, C. The Health Services since the War. Problems of Health Care: The National Health Service before 1957; TSO: London, UK, 1988; Volume 1. [Google Scholar]

	



MacNalty, A. The public health in war time. Br. Med. J. 1940, 1, 333–336. [Google Scholar] [CrossRef]

	



Magee, H.E. Application of nutrition to public health: Some lessons of the war. Br. Med. J. 1946, 1, 475–482. [Google Scholar] [CrossRef] [PubMed]

	



Medical Advances. “Not due to Flash of Genius”: Sir Henry Dale Confident of Progress. Manchester Guardian, 8 October 1957; 3. [Google Scholar]

	



Noble, M.R. House of Commons Official Report; Hansard: London, UK, 1964. [Google Scholar]

	



Apple, R. Vitamania: Vitamins in American Culture; Rutgers University Press: New Brunswick, NJ, USA, 1996. [Google Scholar]

	



Arneil, G.C.; Crosbie, J.C. Infantile rickets returns to Glasgow. Lancet 1963, 2, 423–425. [Google Scholar] [CrossRef]

	



Maggie, Z.; He, G.; Wang, H. Effects of nutritional supplementation on children with HIV/aids in China. J. Cent. South Univ. (Med. Ed.) 2012, 37, 305–310. [Google Scholar]

	



Tien, H.Y. Demography in China: From zero to now. Popul. Index 1981, 47, 683–710. [Google Scholar] [CrossRef] [PubMed]

	



Wong, A.Y.; Chan, E.W.; Chui, C.S.; Sutcliffe, A.G.; Wong, I.C. The phenomenon of micronutrient deficiency among children in China: A systematic review of the literature. Public Health Nutr. 2014, 17, 2605–2618. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Stoecklin, E.; Eggersdorfer, M. A glimpse of Vitamin D status in mainland China. Nutrition 2013, 29, 953–957. [Google Scholar] [CrossRef] [PubMed]

	



Cole, S.Z.; Lanham, J.S. Failure to thrive: An update. Am. Fam. Physician 2011, 83, 829–834. [Google Scholar] [PubMed]

	



Agarwal, A.; Talwar, J. Radiographic changes in nutritional ricket hips in children in response to treatment. J. Orthop. Surg. 2014, 22, 368–373. [Google Scholar] [CrossRef]

	



Astrup, A.; Dyerberg, J.; Selleck, M.; Stender, S. Nutrition transition and its relationship to the development of obesity and related chronic diseases. Obes. Rev. 2008, 9, 48–52. [Google Scholar] [CrossRef] [PubMed]

	



Chan, W. Nutrition and chronic renal disease in children. Zhonghua Min Guo Xiao Er Ke Yi Xue Hui Za Zhi 1996, 37, 244–247. [Google Scholar] [PubMed]

	



Evans, C.E.; Albar, S.A.; Vargas-Garcia, E.J.; Xu, F. School-based interventions to reduce obesity risk in children in high- and middle-income countries. Adv. Food Nutr. Res. 2015, 76, 29–77. [Google Scholar] [PubMed]

	



Feng, A.; Wang, L.; Chen, X.; Liu, X.; Li, L.; Wang, B.; Luo, H.; Mo, X.; Tobe, R.G. Developmental origins of health and disease (DOHaD): Implications for health and nutritional issues among rural children in China. Biosci. Trends 2015, 9, 82–87. [Google Scholar] [CrossRef] [PubMed]

	



Hua, J.; Mu, Z.; Nwaru, B.I.; Gu, G.; Meng, W.; Wu, Z. Child neglect in one-child families from Suzhou city of mainland China. BMC Int. Health Hum. Rights 2014, 14, 8. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, J.; Xiong, Y.L. Technologies and mechanisms for safety control of ready-to-eat muscle foods: An updated review. Crit. Rev. Food Sci. Nutr. 2015, 55, 1886–1901. [Google Scholar] [CrossRef] [PubMed]

	



Tan, K.Y.; van der Beek, E.M.; Chan, M.Y.; Zhao, X.; Stevenson, L. Health claims on food products in southeast Asia: Regulatory frameworks, barriers, and opportunities. Nutr. Rev. 2015, 73, 634–641. [Google Scholar] [CrossRef] [PubMed]

	



Zeng, W.; Wen, W.; Deng, Y.; Tian, Y.; Sun, H.; Sun, Q. Chinese ethnic meat products: Continuity and development. Meat Sci. 2016, 120, 37–46. [Google Scholar] [CrossRef] [PubMed]

	



Zhai, F.Y.; Du, S.F.; Wang, Z.H.; Zhang, J.G.; Du, W.W.; Popkin, B.M. Dynamics of the Chinese diet and the role of urbanicity, 1991–2011. Obes. Rev. 2014, 15, 16–26. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, X.H. Nutritional situation of Beijing residents. Southeast Asian J. Trop. Med. Public Health 1992, 23, 65–68. [Google Scholar] [PubMed]

	



Beck-Nielsen, S.S.; Brock-Jacobsen, B.; Gram, J.; Brixen, K.; Jensen, T.K. Incidence and prevalence of nutritional and hereditary rickets in southern Denmark. Eur. J. Endocrinol. 2009, 160, 491–497. [Google Scholar] [CrossRef] [PubMed]

	



Beck-Nielsen, S.S.; Jensen, T.K.; Gram, J.; Brixen, K.; Brock-Jacobsen, B. Nutritional rickets in Denmark: A retrospective review of children’s medical records from 1985 to 2005. Eur. J. Pediatr. 2009, 168, 941–949. [Google Scholar] [CrossRef] [PubMed]

	



Fuhua, Z.; Qin, G. Child maltreatment among Asian Americans: Characteristics and explanatory framework. Child Maltreat. 2009, 14, 207–224. [Google Scholar] [CrossRef] [PubMed]

	



Dwyer, J.T.; Dietz, W.H., Jr.; Hass, G.; Suskind, R. Risk of nutritional rickets among vegetarian children. Am. J. Dis. Child. 1979, 133, 134–140. [Google Scholar] [CrossRef] [PubMed]

	



Dagnelie, P.C.; Vergote, F.J.; van Staveren, W.A.; van den Berg, H.; Dingjan, P.G.; Hautvast, J.G. High prevalence of rickets in infants on macrobiotic diets. Am. J. Clin. Nutr. 1990, 51, 202–208. [Google Scholar] [PubMed]

	



Green, T.J.; Li, W.; Barr, S.I.; Jahani, M.; Chapman, G.E. Vitamin D supplementation is associated with higher serum 25OHD in Asian and white infants living in Vancouver, Canada. Matern. Child Nutr. 2015, 11, 253–259. [Google Scholar] [CrossRef] [PubMed]

	



Koch, H.C.; Burmeister, W. Vitamin D status of children and adolescents of African and Asian diplomats in Germany. Klin. Padiatrie 1993, 205, 416–420. [Google Scholar] [CrossRef] [PubMed]

	



Boyle, I.T. Bones for the future. Acta Paediatr. Scand. Suppl. 1991, 373, 58–65. [Google Scholar] [CrossRef] [PubMed]

	



Heald, F.P.; Rosebrough, R.H.; Jacobson, M.S. Nutrition and the adolescent: An update. J. Adolesc. Health Care 1980, 1, 142–151. [Google Scholar] [CrossRef]

	



Goel, K.M.; Sweet, E.M.; Logan, R.W.; Warren, J.M.; Arneil, G.C.; Shanks, R.A. Florid and subclinical rickets among immigrant children in Glasgow. Lancet 1976, 1, 1141–1145. [Google Scholar] [CrossRef]

	



Ford, J.A.; Davidson, D.C.; McIntosh, W.B.; Fyfe, W.M.; Dunnigan, M.G. Neonatal rickets in Asian immigrant population. Br. Med. J. 1973, 3, 211–212. [Google Scholar] [CrossRef] [PubMed]

	



Holmes, A.E.B.; Taylor, J.L.; Jones, M.E. Occult rickets and osteomalacia amongst the Asian immigrant population. Q. J. Med. 1973, 42, 125–149. [Google Scholar]

	



Burrell, T.; Opfer, E.; Berglund, L.; Lowe, L.H.; Anderst, J. A witnessed case of a classic metaphyseal fracture caused during IV line placement in a child: Insight into mechanism of injury. J. Forensic. Leg. Med. 2015, 35, 51–53. [Google Scholar] [CrossRef] [PubMed]

	



Cundiff, D.K.; Harris, W. Case report of 5 siblings: Malnutrition? Rickets? Di George syndrome? Developmental delay? Nutr. J. 2006, 5, 1. [Google Scholar] [CrossRef] [PubMed]

	



Trube-Becker, E. The neglected child. Monatsschr. Kinderheilkd. 1986, 134, 315–318. [Google Scholar] [PubMed]

	



Feldman, K.W.; Brewer, D.K. Child abuse, cardiopulmonary resuscitation, and rib fractures. Pediatrics 1984, 73, 339–342. [Google Scholar] [PubMed]

	



Trube-Becker, E. The death of children following negligence: Social aspects. Forensic. Sci 1977, 9, 111–115. [Google Scholar] [CrossRef]

	



Weigel, W.; Kaufmann, H.J. Der verschleierte Pflegeschaden. Rontgenblatter 1975, 28, 463–470. [Google Scholar] [PubMed]

	



DeRusso, P.A.; Spevak, M.R.; Schwarz, K.B. Fractures in biliary atresia misinterpreted as child abuse. Pediatrics 2003, 112, 185–188. [Google Scholar] [CrossRef] [PubMed]

	



Guigne, F.; Duke, P.; Rourke, L. Is Vitamin D deficiency an underreported issue in refugee health? Two cases of infants presenting with Vitamin D-deficiency rickets. Can. Fam. Physician 2013, 59, 641–643. [Google Scholar] [PubMed]

	



Guigne, F.; Duke, P.; Rourke, L. Looking beyond literacy: Understanding and approaching barriers to refugee health in 2 cases of Vitamin D-deficiency rickets. Can. Fam. Physician 2013, 59, 607–608. [Google Scholar] [PubMed]

	



Munns, C.F.; Simm, P.J.; Rodda, C.P.; Garnett, S.P.; Zacharin, M.R.; Ward, L.M.; Geddes, J.; Cherian, S.; Zurynski, Y.; Cowell, C.T.; et al. Incidence of Vitamin D deficiency rickets among Australian children: An Australian paediatric surveillance unit study. Med. J. Aust. 2012, 196, 466–468. [Google Scholar] [PubMed]

	



Sheikh, M.; Wang, S.; Pal, A.; MacIntyre, C.R.; Wood, N.; Gunesekera, H. Vitamin D deficiency in refugee children from conflict zones. J. Immigr. Minor. Health 2011, 13, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Brunvand, L.; Brunvatne, R. Health problems among immigrant children in Norway. Tidsskr. Nor Laegeforen. 2001, 121, 715–718. [Google Scholar] [PubMed]

	



Neuhaus, T.J.; Smaadahl, F.; Losa, M.; Largo, R.H. New faces, forgotten diseases: Border medical examination of asylum seekers’ children 1990–1991. Schweiz. Med. Wochenschr. 1992, 122, 1838–1842. [Google Scholar] [PubMed]

	



Caldwell, J.P.; Kain, B.F.; McDonald, R.C. A Canadian medical team in Ethiopia. Can. Fam. Physician 1985, 31, 2115–2117. [Google Scholar] [PubMed]

	



Agnew-Blais, J.; Danese, A. Childhood maltreatment and unfavourable clinical outcomes in bipolar disorder: A systematic review and meta-analysis. Lancet Psychiatry 2016, 3, 342–349. [Google Scholar] [CrossRef]

	



Friedman, E.; Billick, S.B. Unintentional child neglect: Literature review and observational study. Psychiatr. Q. 2015, 86, 253–259. [Google Scholar] [CrossRef] [PubMed]

	



Schneeberger, A.R.; Dietl, M.F.; Muenzenmaier, K.H.; Huber, C.G.; Lang, U.E. Stressful childhood experiences and health outcomes in sexual minority populations: A systematic review. Soc. Psychiatry Psychiatr. Epidemiol. 2014, 49, 1427–1445. [Google Scholar] [CrossRef] [PubMed]

	



Plotka, J.; Narkowicz, S.; Polkowska, Z.; Biziuk, M.; Namiesnik, J. Effects of addictive substances during pregnancy and infancy and their analysis in biological materials. Rev. Environ. Contam. Toxicol. 2014, 227, 55–77. [Google Scholar] [PubMed]

	



Danese, A.; Tan, M. Childhood maltreatment and obesity: Systematic review and meta-analysis. Mol. Psychiatry 2014, 19, 544–554. [Google Scholar] [CrossRef] [PubMed]

	



Morantz, G.; Cole, D.; Vreeman, R.; Ayaya, S.; Ayuku, D.; Braitstein, P. Child abuse and neglect among orphaned children and youth living in extended families in sub-Saharan Africa: What have we learned from qualitative inquiry? Vulnerable Child. Youth Stud. 2013, 8, 338–352. [Google Scholar] [CrossRef] [PubMed]

	



Lange, S.; Shield, K.; Rehm, J.; Popova, S. Prevalence of fetal alcohol spectrum disorders in child care settings: A meta-analysis. Pediatrics 2013, 132, e980–e995. [Google Scholar] [CrossRef] [PubMed]

	



Teeuw, A.H.; Derkx, B.H.; Koster, W.A.; van Rijn, R.R. Educational paper: Detection of child abuse and neglect at the emergency room. Eur. J. Pediatr. 2012, 171, 877–885. [Google Scholar] [CrossRef] [PubMed]

	



Eckenrode, J.; Campa, M.; Luckey, D.W.; Henderson, C.R., Jr.; Cole, R.; Kitzman, H.; Anson, E.; Sidora-Arcoleo, K.; Powers, J.; Olds, D. Long-term effects of prenatal and infancy nurse home visitation on the life course of youths: 19-year follow-up of a randomized trial. Arch. Pediatr. Adolesc. Med. 2010, 164, 9–15. [Google Scholar] [CrossRef] [PubMed]

	



Eckenrode, J.; Ganzel, B.; Henderson, C.R., Jr.; Smith, E.; Olds, D.L.; Powers, J.; Cole, R.; Kitzman, H.; Sidora, K. Preventing child abuse and neglect with a program of nurse home visitation: The limiting effects of domestic violence. JAMA 2000, 284, 1385–1391. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 08 00722 g001 550] 





Figure 1. Rickets and pneumonia: (a) Roentgenogram of the anterior chest showing prominent costo-chondral junctions. The anterior chest was cut to obtain tissue for plastic and paraffin embedding. (b) Roentgenogram of the right ankle showing wide and concave distal end of tibia. The distance from the distal end of the tibia to the tarsal bones is increased due to the large “rachitic metaphysis”, which is not calcified and does not appear on the roentgenogram. The radiographic change corresponds to the palpable thickening of the ankles on physical examination. (c) Histology of the right femur showing the expansion of the growth plate identified at the 6th costo-chondral region (×2.5 original magnification, Masson’s trichromic stain). (d) Whole-mount of the lung of an infant with rickets showing lobar pneumonia (personal archived material, C. Sergi). 
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