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Abstract
Background ‒ Vitamin C is a key to many important func-
tions. It stimulates the immune system by protecting humans
from infections and shows notable anti-viral and anti-inflam-
matory properties. With the antioxidative properties it acts
against free radicals and cellular aging and prevents tumors.
It is also involved in the synthesis of collagen, a structural
protein that is essential for the formation of connective tissue
as epidermis, muscle, bone, cartilage, etc. Vitamin C promotes
the absorption of iron contributing to the production of red
blood cells and the synthesis of hemoglobin. Scurvy is a nutri-
tional disorder caused by low vitamin C levels which mani-
fests with varied symptoms affecting multiple organ systems.
Vitamin C also known as L-ascorbic acid, is a water-soluble
nutrient and is a necessary element as the humans are unable
to synthesize it. Vitamin C has an important role in the bio-
chemical reactions of connective tissue synthesis. Presenting
manifestations include malaise, gingival bleeding, impaired
wound healing, perifollicular hemorrhage, dry hair and
brittle nails, iron deficiency, muscle and joint pain, pul-
monary hypertension, and other symptoms. The persistent
reduced supply of vitamin C in the absence of treatment is
cause of a severe progressive worsening of the clinical

conditions. The disorder is uncommonly reported in high
social level countries and in mentally wellbeing children.
Methods ‒ Herewith, we report case-series of eight chil-
dren with scurvy diagnosed in two Pediatric Hospitals in
Catania, Italy “Policlinico G. Rodolico” and “Cannizzaro” in
the last 2 years, October 2021–October 2023. In addition, a
systematic literature review of 126 articles with 253 cases of
scurvy including age, sex, main clinical manifestations,
and eventual presence of neurodevelopmental disorders
is reported. Main characteristic of vitamin C and negative
effects of its lack with clinical manifestations, diagnosis,
treatment, and prognosis are also referred.
Results ‒ Malnutrition, gastrointestinal, and neurological
disorders, are the associated predisposing factors. In the
present case-series, to the higher incidence of scurvy com-
pared to others Italian Regions may have contributed an
erroneous old prejudice of parents who refuse to give
citrus fruits to young children as lemon and oranges may
cause cystitis as well severe toxicity when mixed with milk.
Conclusion ‒ This study aims to alert on the scurvy as a
possible cause of childhood disorder also in well industria-
lized regions, and to offer diagnostic tools for identifying
subjects suffering from this illness.

Keywords: L-ascorbic acid, scurvy, vitamin C deficiency,
gingival bleeding, swollen gum

1 Introduction

Scurvy is a clinical syndrome caused by vitamin C defi-
ciency. It is a disorder globally diffused and mainly
observed in countries with poor social conditions, in mal-
nourished people, in individuals affected by various gas-
trointestinal and neurobehavioral disturbances which may
prevent the absorption of important nutrients such as
vitamin C [1–6]. Scurvy has been known since ancient
times. During the period of Renaissance running from
fourteenth to sixteenth centuries, several epidemic epi-
sodes of scurvy among sea voyagers were reported and it
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was noted that supply of oranges and lemons had a notably
favorable clinical outcome on the affected individuals [7,8].
Classic clinical and pathological features of infantile scurvy
were reported by Thomas Barlow in 1883 and an important
insight in the prevention of scurvy was due to Alfred Hess
who noted that pasteurization reduced the antiscorbutic
effect of milk thus favoring the increase of cases of scurvy
and suggested supplementation of fresh fruit and vege-
table juices to prevent scurvy [8].

The prevalence of the disorder differs according to the
age, lifestyle, nutritional habit, and associated underlying
disorders. It has been reported ranging from 7.1% as regis-
tered in United States to 73.9% in some area of northern
India [1]. In a study conducted by Ravindran et al. [3] in
2,668 individuals aged 60 years and over, sex and season
standardized, prevalence of vitamin C deficiency was
reported in 73.9% (95% confidence interval [Cl] 70.4, 77.5)
subjects in North India and in 47.7% (95% Cl 42.5, 48.9) in
2,970 from South India. According to the authors [3] the
deficit of vitamin C was more prevalent in men, in people
with increasing age, users of tobacco, and biomass fuels, as
well in people with poor nutrition, and with lower intakes
of dietary vitamin C. They report data of scurvy registered
in the UK and in North America where the disorder in low
income population was found to affect around 1 on 5 men
and 1 on 9 women [3].

Vitamin C, also known as L-ascorbic acid is not synthe-
sized by humans who lack the active form of the enzyme
L-gulonolactone oxidase required for synthesizing ascorbic
acid and therefore it must be obtained through the diet in
the form of fruits and vegetables. Vitamin C is a water-
soluble vitamin which shows antioxidant function and is
an essential co-factor for collagen biosynthesis, carnitine,
catecholamine metabolism, and dietary iron absorption
[1–3]. Common clinical manifestations of scurvy include
gingival bleeding, skin discoloration, petechial rash, and
ecchymosis caused by defective collagen synthesis of blood
vessel walls, perifollicular hemorrhage, impaired wound
healing, bone and muscle pain, and other symptoms
[1–5,9]. Scurvy is a well-known disorder but still present
in childhood clinical practice.

Herewith, we summarize the clinical results observed
on eight children affected by scurvy admitted in two hos-
pitals in Catania, “Policlinico G Rodolico” and “Cannizzaro”
in the course of the last 2 years (October 2021–October
2023). In addition, results of a systematic review of 126
articles with 253 cases of scurvy including age, sex, main
clinical manifestations, and eventual neurodevelopmental
disorders were summarized. Vitamin C characteristics and
the effects of lack presenting with clinical features, diag-
nosis, treatment, and prognosis are discussed as to better

understand this disorder. Scurvy is an almost historic dis-
order but still not vanished in good well-being population.

1.1 Case series

Eight children were admitted to the Pediatric Department
with different symptoms, united by lower limbs pain and
refusal to walk who were treated at home with non-ster-
oidal anti-inflammatory drugs, without benefit. In Table 1,
we summarize the age at diagnosis, gender, clinical mani-
festations at admission, diagnostic workup, food intake,
and neurodevelopmental profile of each of the eight chil-
dren. At diagnosis the age ranged from 17 months to 12
years. The gender was prevalent in male M6/F2. The symp-
toms singularly or in association presented by the children
were the following: limping n.5, hyperkeratosis pilar n.4,
gingival bleeding n.3, gingival swelling n.2, skeletal pain
n.2, anemia n.2, frequent fever, and knee hemarthrosis
n.1. In two patients with skeletal and muscles pain, the
radiological examinations revealed the typical signs of
scurvy (Figure 1). In the other patients who had the radi-
ological examinations no anomalies were reported. Two
patients presented neurobehavioral disorders, the other
children were neurologically normal. Personal history
showed an absolute lack of nutrients with vitamin C con-
tent and absence of citrus fruits supply (ID-01, ID-02, ID-03,
ID-05, and ID-08). The diagnosis was confirmed by low
content of vitamin C with value in all the cases <0.3mg/dL.
Two children showed anemia with Hb values between 10 and
11 g/dL. Scurvy treatment consisted of 100–300mg daily
according to the age of children. After treatment a rapid
improvement of the symptomswere obtainedwithin 2 weeks.
After treatment, the parents were advised to introduce citrus
fruits in the diet daily. To our knowledge no further compli-
cations were reported by the parents.

2 Systematic review

2.1 Materials and methods

This systematic reviewwas conducted according to the guide-
lines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [10]. Two medical electronic
databases (PubMed and Web of Science) were searched by
two authors (A.D. and F.P.). The research string used was
“Scurvy,” “Vitamin C deficiency,” “Moeller’s disease,”
“Cheadle’s disease,” “Scorbutus,” “Barlow’s disease,”

2  Alessandra Di Nora et al.
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“Hypoascorbemia,” “Lack of vitamin C” AND “pathology” OR
“etiology” OR “etiopathogenesis” OR “pathophysiology” OR
“risk factors” OR “associated factors” OR “predisposing fac-
tors”. In total, n = 818 articles were found. Two reviewers,
once the initial results were collected, analyzed the titles and
abstracts screening the following inclusion criteria: studies of
any level of evidence reporting clinical results published in
the last 22 years (2000–2022). Comparative, cross-sectional,
retrospective, prospective, and survey studies, case series
and case reports on pediatric population were particularly
selected. All the articles written in languages other than
English were excluded. All articles that dealt with different
topics, had poor scientific methodology, or were without an
accessible abstract were excluded. Also, duplicates were
excluded and all those articles that did not match of the
inclusion criteria were ruled out. The full texts of the
remaining articles were read in depth by two reviewers to
better assess the content of the studies: demographic data,
clinical manifestations, and neurodevelopment profile. The
extracted data have been synthesized (Figure 2).

Informed consent: Written informed consent has been
obtained from the patient to publish this article.

Ethical approval: The study was conducted according to
the guidelines of the Declaration of Helsinki.

3 Results

The initial search yielded 818 results; 230 articles were
excluded as they were duplicates. Another 365 articles
were excluded following the reading of titles and abstracts.
Reading the full text of the 223 remaining articles, 106 were
excluded after reading the text. At the end of the selection,
106 articles were included in this systematic review
(Figure 2).

A total number of 253 patients were described within
the 106 selected studies. Details on the 106 selected items of
253 subjects, including number of patients for each author,
age, sex, main clinical manifestations, and neurodevelop-
mental conditions are reported in Table 2 [11–116]. The age
of children ranged with a minimum age of 5 months and a
maximum age of 16 years. The most common age group
was the age between 24 and 36 months. The gender pre-
valence was male/female (M/F) 113:28 in patients of this
study and gender prevalence M/F 5:1 in children of our
cohort. There was a wide prevalence of children with neu-
rological disorders with ASD as the main representative
disease followed by children with neurodevelopmental dis-
orders aside the ASD. Children with scurvy showed a
varied spectrum of clinical features: refusal of walk, irrit-
ability, malaise, gingival bleeding, gum swelling, petechial
hemorrhages, tenderness, and swelling at lower extremi-
ties were the most common features. Cutaneous manifesta-
tions included petechiae, ecchymoses, and hyperkeratosis.
Palpable purpura and widespread ecchymoses were fre-
quently observed mimicking vasculitis. Gums may present
swollen, loosen, and bleed on slight pressure in a majority
of patients. Musculoskeletal manifestations such as
limping, arthralgia, and myalgia often represent the first
clinical manifestation requiring medical attention, with or
without evident cutaneous manifestations.

4 Discussion

Vitamin C is an essential, water-soluble micronutrient
naturally present in citrus fruits and vegetables such as
red pepper, potatoes, cabbage, tomatoes, and others. In

Figure 1: Scurvy in 3-year-old boy with skeletal pain (ID-08). Antero-
posterior right knee radiography shows the classic radiographic signs
described in literature: Dense zone of provisional calcification at edge of
metaphysis (white line of Frankel) (head arrows), transverse radiolucent
metaphyseal line (Trümmerfeld zone) (white arrows), circular calcifica-
tion surrounding the osteoporotic epiphyseal center of ossification
(Wimberger ring sign), and beaklike metaphyseal excrescences (Pelkan
spurs, corner or angle sign) (white circles) [5].

4  Alessandra Di Nora et al.



humans, vitamin C plays an important role as co-factor
in the synthesis of catecholamines, collagen, cortisol, neu-
rotransmitters, peptide hormones, the immune cells func-
tions, the maintenance of endothelial vasodilation and
barrier, and the iron and acid folic metabolism
[1,2,117,118]. Due to its antioxidative action vitamin C works
as scavenger of reactive oxygen species and inhibits proin-
flammatory cytokines. The role of vitamin C in synthe-
sizing collagen is relevant as the collagen is a vital struc-
tural protein essential for maintaining the integrity and
strength of connective tissues throughout the body. The
metabolism of vitamin C occurs in different stages: (a)
uptake in the intestine by the sodium-dependent vitamin
C transporter 1 (SVCT1), (b) free filtration in the kidneys
and reabsorption in the proximal tubule via SVCT1, (c)
uptake to the cells mediated by the sodium-dependent
vitamin transporter 2 (SVCT2), and (d) and urinary excre-
tion [118]. Symptoms of vitamin C insufficiency appear
within 4–12 weeks by the reduced supply. In children, fac-
tors predisposing to scurvy include infant feeding habits
with limited access to fruits and vegetables, eating

disorders such as anorexia nervosa, picky eater, avoidant
restrictive food intake disorder, and social isolation. Iron-
overload conditions, food allergies, and malabsorption ill-
nesses such as inflammatory bowel diseases, cystic fibrosis,
and coeliac disease may create the basis for an incorrect
absorption of vitamin C and onset of scurvy [1]. Looking at
the gender it appears clear the high prevalence of scurvy in
males. These data are in accordance with other reviews of
the literature [18,19] and with our case series here reported
(ratio 2F/8M). We believe that the gender distribution with
high preponderance of males, could be partly due to a
volumetric dilution effect due to the higher fat-free mass
of males and also due to the high number of scurvy sub-
jects affected by ASD a disorder which tends to show a
selective and restricted food interest [5,19].

The clinical spectrum of scurvy is wide and includes
musculoskeletal disturbances, mucocutaneous lesions, or
systemic organs involvement. Each of one of these clinical
manifestations can mimic several disorders such as auto-
immune diseases, infections, hematologic disorders, and
tumors [119]. In children, the initial symptoms of scurvy

Figure 2: PRISMA method.
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are unspecific with malaise, tiredness, and listlessness, as
the disorder proceeds various clinical manifestations as
bleeding gums, easy bruising, skin rashes, keratosis pilar,
delayed wound healing, muscle and joint pains, and cork-
screw strands hair which manifests with twisted or coiled
shaft hairs, a sign considered diagnostic for scurvy. Other
cutaneous manifestations include phrynoderma, perifolli-
cular hemorrhages and purpura, edema of the lower extre-
mities, and splinter hemorrhages [117]. Another sign sug-
gestive for the diagnosis of scurvy is represented by the
“scorbutic rosary,” which is characterized by costo-chon-
dral separation with the cartilaginous positions of the ribs
displaced posteriorly while sharp anterior ends of the bony
ribs protrude anteriorly. This sign must be differentiated
by “rachitic rosary” which is typical of children with
rickets [1]. In the absence of a correct treatment, the dis-
order may proceed with involvement of various organs.
Vascular fragility is cause of joint swelling, hemarthrosis,
subperiosteal hematomas, and subconjunctival hemor-
rhages. In the further untreated clinical phase, bone frac-
tures may be reported and various internal body organs
may be involved [2,3]. Diagnosis of scurvy is based on
medical history, clinical examination, radiographical
examinations, laboratory analysis including blood vitamin
C level, and effective and prompt replay to the treatment
with vitamin C. A low plasma vitamin C level of less than
0.2 mg/dL is suggestive for the diagnosis of scurvy. Deficit
of vitamin C is often associated with unappropriated blood
level of other useful nutrients, vitamins, and minerals. For
this reason, it appears useful to check in affected children
of scurvy the possible lack of others factors such as vitamin
B12, folate, calcium, and zinc. Hematologic examination for
possible presence of anemia should be checked. Differen-
tial diagnosis may involve a range of pathological disor-
ders according to various symptoms presented by the chil-
dren with scurvy. It is important to exclude hematologic
disorders as, leukaemia, immune thrombocytopenic pur-
pura, Henoch-Schonlein purpura, disorders which are
cause of malnutrition and undernutrition, celiac disease,
cystic fibrosis, bone disorders like osteomyelitis and septic
arthritis, and in some occasion scurvy may also mimic a
pseudo-paralysis.

Treatment consists of vitamin C supplementation. For
children, recommended doses of 100–300 mg of ascorbic
acid given daily according to the age and the grade of
clinical involvement. The treatment should be continued
till complete recovery. Then it is important to recommend
parents to include citrus fruits in the diet of the children.
Prognosis is linked to a prompt diagnosis and treatment
and to the incidental underlying factors which have deter-
mined the loss of vitamin C. In children, without severeTa
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underlying disorder, the prognosis is benign after accurate
diagnosis and treatment which leads to rapid recovery. The
great relevance is to avoid the relapses involving parents
and caregivers on the correct diet treatment and to treat
the various disorders which in some case may have caused
the lack of vitamin C.

The interest on scurvy of pediatric community came
back because of the observation in the current clinical prac-
tice of the presence of this disorder. In contrast to the past, it
should be suspected not only in children with neurodevelop-
mental disabilities and low income population, but also – and
may be more – in typically developing children with home-
routine diet devoid of fruits and vegetables. Of course, in
developmental countries it is not easy to suspect a disorder
linked to nutritional deficiency. Through the review of the
literature, we noted that the term “picky eater” appears in
2019 in a report of child affected by scurvy [73]. This term
refers to children who choose to take very restrictive and
selective diets mainly based on carbohydrates. In the large
majority of these cases, the consumption of vegetables and
fruit is not present.

Neurodevelopmental disorders play an important role
in the onset of scurvy. In this systematic review, a high
number of children presented with ASD, neurodevelop-
mental disorders, cerebral palsy, and other neurologic
diseases. Dysfunctional feeding behaviors might be parti-
cularly critical for children affected by ASD who are more
likely to avoid food compared to typically developing
children due to their sensory issues and their restricted
interests and behaviors [4]. In the present case-series neu-
robehavioral disorders were found in two children one
affected by ASD and another by avoidant/restrictive food
intake disorder (ID-06, ID-07). With regard to cases ID-01,
ID-02, ID-03, ID-05, and ID-08 we noted on clinical history
that parents revealed to have refused to give citrus fruits to
their children on the prejudice diffuse in some of lower
classes of the Sicilian population that oranges and lemon can
cause bladder infections or whenmixed to milk to cause toxic
gastrointestinal effects. This hypothesis may contribute to
explain as scurvy is still present in Sicily, the recognized
“country of citrus fruits.” Interestingly, a brief report of Gilley
et al. [120] published in 2024 (non-included in this criteria
systematic review), reported 47 patients with a diagnosis of
scurvy, 49% of whom had a neurodevelopmental disorder. In
addition, Gilley et al. [120] reported that 16of the 47 patients
complained of musculoskeletal symptoms: 3 of the 16 indivi-
duals had moderate or severe malnutrition whereas 3 had
overweight or obesity, underling the thesis that malnutrition
and obesity can coexist in scurvy, but obesity can be an
unfavorable factor for the diagnosis. Obesity is never
synonym of a good and complete diet, thus deficiency and

scurvy should be also suspected in overweight children.
These data are also confirmed in another casuistic published
by Iamopas et al. [106], in which the nutritional status was
characterized by obesity in 12% of the patients, normal in 70%
and wasting in 18%.

Most article reported a late diagnosis because of var-
ious factors. First, because scurvy is a neglect disease, con-
sidered as a disorder of the past. Second, because of the
wide spectrum of symptoms, rarely presented at the same
time and in the same patient. Third, because laboratory
examinations and radiological investigations are rarely
helpful. The report of Iamopas et al. [106] showed a mis-
diagnosis in 74 cases (69%).

5 Conclusions

Vitamin C is an essential nutrient for humans with relevant
effects on functionality of various organs and systems
including heart, lung, kidney, brain, blood, and immune
defence [121]. Vitamin C is involved in many biochemical
processes in human body and its low level is cause of the
scurvy, a disorder, which is again present in large part of
the world. However, the disorder is not common in the
country with elevated socio-economic status, and it is pre-
sent in underdeveloped area with children malnourished
or manifesting underlying disorders which prevent
absorption of vitamin C. Scurvy may be also found in chil-
dren with overweight and in those whose parents show
false prejudice that citrus fruits may cause cystitis or toxic
effect when mixed with milk. Classic oral manifestations of
gingivitis with bleeding and swelling gums are the sugges-
tive signs for a precocious diagnosis of scurvy [122] as well
as limping, refusal to walk, musculoskeletal complains, and
lower limbs pain are all signs that are indicative for a
correct and rapid diagnosis. In children, the disorder
may have a good prognosis in the absence of underlying
disorders and treatment with adequate dose of vitamin C
may lead to rapid improvement and recovery.

Our experience and the systematic review of literature
of the last two decades confirmed that scurvy is an histor-
ical but not vanished disorder. Family behavior normally
permits a functional development of feeding in children.
The child’s nutritional well-being extends from school to
home: and, as pediatricians, we underline the need of a
nutritional educational program for parents that starts
from institutions.
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