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Introduction 

Human immunodeficiency virus (HIV) is a health challenge 

especially in sub-Sahara Africa, a region that harbours the highest 

burden of the infection.1 The problem of micronutrient deficiencies in 

sub-Sahara Africa is still not resolved and commonly associated with 

high mortality and morbidity among HIV infected individuals. Studies 

have reported that micronutrients deficiencies are associated with 

adverse clinical outcomes during HIV infection and there is emerging 

evidence to suggest that micronutrient supplementation may help to 

reduce mortality and morbidity during HIV infection.1 When an 

individual is infected with HIV, a lot of changes occur because of the 

unfavourable presence of the virus and the immunity of the host 

intensifies in an attempt to eliminate the invading pathogens by the 

immune system. This immune response alters the general immune 

mechanism especially the antioxidant and inflammatory systems in an 

attempt to eliminate the invading organism which over time affects the 

whole body.2 These processes eventually deplete tissue micronutrient 

reserves. To maintain the integrity of the immune system, it is important  

to manage micronutrient levels in HIV infection.2 Essential 

micronutrients are required for several body functions and well-being 

of the immune system. The co-existence of micronutrient deficiencies 

and HIV infection often exhibit complex interactions involving several 
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proteins including metallothionein and ceruloplasmin.3 The immune-

modulatory functions of micronutrients such as zinc, selenium and 

copper could influence the susceptibility to the course and disease 

progression in HIV infection.3 Some of the essential elements could 

inhibit viral replication; act as antioxidants while others help to regulate 

immune responses of the infected individuals. Although several studies 

have reported on micronutrient deficiencies in HIV infection, 

information on metallothionein as stress-response protein with 

immune-modulatory function and ceruloplasmin as acute phase protein 

that possesses antioxidant properties cannot be over emphasized. The 

objective of this review was to highlight the roles of metallothionein, 

ceruloplasmin and some micronutrients in the pathogenesis of HIV 

infection and the need to maintain adequate supply of these nutrients in 

order to prevent the consequences associated with their deficiencies.  

 

HIV and host interaction 

In HIV infection (as with most viruses), the most important factors to 

consider are genomic alterations by the virus, nutritional status and 

optimum function of the host immune system.3 The life-cycle of a virus 

begins from its entry into a host; then reaches the susceptible target cell, 

multiply, causing cell injury and ultimately cell death.3 

 The overall effect of infection with HIV and its interaction with the 

body's natural response mechanisms is a severe damage to the immune 

system, destroying the means by which the human body naturally 

defends itself against infections. Following entry into the host, HIV is 

disseminated via the blood and circulatory system to different tissues in 

the body. From the moment of infection, the virus replicates at an 

extremely rapid rate causing the immune system to detect its presence 

and mount an immediate antibody response. This usually occurs within 

two to four weeks of infection and is referred to as seroconversion 

(because antibodies to HIV can be detected in the blood).4 Early in the 

course of infection, HIV is disseminated to the lymphoid tissues. 

Lymph vessels carry infectious agents to the lymph nodes. These nodes 
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are located throughout the body and contain a sieve-or mesh-like 

structure of follicular dendritic cells (FDCs) in their germinal centres, 

which trap bacteria, fungi, and viruses (including HIV).5 The lymph 

nodes are also the site of a concentration of immune system cells, 

including T -lymphocytes (the cells which orchestrate the immune 

response). As viruses are trapped in greater concentrations, they infect 

the T-lymphocytes and other cells in the lymph nodes.  Eventually the 

FDC network completely breaks down. This destruction of lymph node 

architecture has been observed in lymph node biopsies.6 Finally, with 

the complete destruction of the lymph nodes, viruses, bacteria, and 

fungi spill over into the blood stream and around the body. At this stage, 

levels of HIV are so high that the virus is able to infect and destroy CD4 

T- lymphocytes at a faster rate than the body is able to produce new 

immune cells (including CD4 T -lymphocytes). This leaves the body 

unable to mount an effective immune response against these pathogens, 

including human immunodeficiency virus.  

During the early stage of infection, the levels of HIV RNA (a marker of 

HIV infection) rise steeply, mostly due to high rates of viral replication 

and resulting in large amounts of virus in the blood.  Overall, the level 

of the virus in the body is seen to rise over time. Concurrently, CD4 

counts decline gradually during the same period. Whilst these two 

markers of infection are the most accurate determinants of the status of 

infection, changes in other laboratory markers are often observed. 

Typically, these include an increase in the levels of p24 antigen, acute 

phase proteins, beta-2 microglobulin and  a decrease in the levels of p24 

antibody, haemoglobin, neutrophils, platelets as well as decrease in the 

synthesis of normal blood proteins such as transthyretin (TTR, formerly 

called prealbumin), retinol binding protein (RBP), cortisol binding 

globulin, transferrin and albumin, (which represent the negative acute 

phase proteins), lymphocytes, and interleukin-2-receptors.7 As the 

infection continues, viral load and replication rates reach such a 

magnitude that lymphoid tissues are completely destroyed and the 

turnover of CD4 T-lymphocytes cannot match the destructive actions 

of the virus. Thus, CD4 cell counts are seen to decline at an increasingly 

faster rate and, with a weakening immune system, levels of viral RNA 

begin to increase once again. These virological and immunological 

events mark the onset of the more advanced stage of infection, 

characterized by the onset of clinical symptoms. At this stage of 

infection, viral load in individuals may be extremely high, around one 

million copies/ml, although individual variation is significant8. 

Although, CD4 cell counts may also vary, individuals with CD4 counts 

below 200 cells/mm3 are at the greatest risk of developing opportunistic 

infections (note that CD4 cell counts of healthy individuals are usually 

between the range of 500-1500 cells/mm3).8 

It should be noted that at any of these steps within the life cycle the 

course of the virus can be aborted by several host defense mechanisms. 

A major factor that limits the host immune defense is malnutrition. 

Malnutrition determines the susceptibility of an individual to infectious 

diseases and disease progression. The increased susceptibility and 

disease progression in malnourished hosts may be attributed to an 

impaired immune response. Malnutrition can lead to deficiencies of 

essential micronutrients, impaired immune response by inducing a less 

effective ability to challenge the invading virus. Studies have shown 

that both the host and the invading pathogens are affected by 

malnutrition.9 Nutritional deficiencies could result from inadequate 

intake of major food components or essential micronutrients. 

Deficiency of any of the essential elements can lead to improper body 

function.  

 

 

Methodology 

Pubmed and google search were used to search for literatures on 

metallothionein, micronutrients and HIV infection. A total of 89,400 

articles were initially obtained but 75 most relevant articles were 

included in the review. These articles were retrieved between April and 

May 2018. 

 

Metallothionein 

Metallothionein (MT) is a low molecular weight, metal binding protein 

that is rich in cysteine.10 It is the single most abundant group of 

intracellular zinc-binding proteins in eukaryotic cells and 5 to 10% of 

zinc in human hepatocytes is bound to MT. Metallothionein has long 

been associated with resistance to toxicity resulting from exposure to 

toxic metals and other generators of reactive oxygen species.10 Their 

capacity to interact directly with metal ions and free radicals have been 

taken as evidence that they protect by acting simply as sacrificial 

scavengers to intercept and directly inactivate toxic molecules.10 More 

recently, it has been suggested that MT plays an indirect role of 

controlling zinc bioavailability to zinc-requiring proteins that act in a 

broad range of physiological events, including proteins that themselves 

directly mediate resistance to toxic events and those that act indirectly 

by receiving and transducing extracellular signals that alter cellular 

resistance to toxicity, transcription factors, hormone receptors, 

metalloproteinases, superoxide dismutase and catalase, among others.10 

The synthesis of the protein is directly induced by stress, toxic metals 

like cadmium and essential trace elements such as zinc, copper and the 

protein bind to these metals.4 It was believed that MT functions in the 

detoxification of toxic metal and in the metabolism of essential metals 

such as zinc and copper.5,6 It was also suggested that MT plays vital 

antioxidant role because of the many sulfhyryl groups as does 

glutathione. Studies have shown that MT can mop-up free radicals such 

as hydroxyl and superoxide produced by the xanthine-xanthine oxidase 

reactions 7 and inhibits lipid peroxidation 8. Metallothionein has been 

reported to modulate immune activities in-vitro,11 modify the severity 

of chronic inflammatory diseases 12 and auto-immune diseases.4,5 Some 

authors have reported that manipulation of MT expression (MT 

deficiency or excess) can enhance host defense against Listeria 

monocytogenesis.13 

Metallothionein can be induced by stressors whether physiological, 

biochemical, radiation or drugs. Radiation and high oxygen tension 

have been reported to cause induction of MT synthesis.14 An injection 

of peroxidative agents such as carbon tetrachloride (CCl4), paraquat and 

acetaminophen induced MT production in experimental mice.15 Any 

condition that promotes the induction of MT is potentially capable of 

inducing lipid peroxidation. Other researchers have reported dissimilar 

functionality between MT from different origins in the body. In-vivo 

studies have shown that cardiac MT prevents lethal toxicity and lipid 

peroxidation induced by the administration of Adriamycin.15 But 

hepatic MT pre-induced with zinc failed to prevent CCl4-induced lipid 

peroxidation.16 These authors concluded that it was not completely clear 

whether MT plays a protective role against free radicals in-vivo but 

induction of MT synthesis by CCl4 was independent of lipid 

peroxidation, free radical generation and glutathione metabolism in the 

liver 16 

 

Caeruloplasmin  

Ceruloplasmin is a blue plasma α2-glycoprotein that is synthesized 

primarily in hepatocytes which is involved in the transport of copper 

throughout the body.15 It was first described in 1948. It is the major 

copper-carrying protein in the blood and it exhibits a copper-dependent 

oxidase activity, which is associated with possible oxidation of Fe2+ 

(ferrous iron) into Fe3+ (ferric iron), therefore assisting in its transport 

in the plasma in association with transferrin which can only carry iron 

in the ferric state. Ceruloplasmin in humans is encoded by the 

ceruloplasmin gene which has been mapped to chromosome 3q24.15 It 

is the product of an intragenic triplication and is composed of three 

homologous domains with an estimated molecular weight of 151 kDa 

and has six or seven cupric ions per molecule.15 Two splice variants, 

CP-1 and CP-2, have differential expression in specific tissues. 

Ceruloplasmin mRNAs are expressed in human liver, macrophages and 

lymphocytes.15 Another protein, hephaestin, is noted for its homology 

to ceruloplasmin and also participates in iron and probably copper 

metabolism.15 Aceruloplasminemia is an autosomal recessive disorder 

of iron metabolism characterized by a complete deficiency of 

ceruloplasmin ferroxidase activity due to mutations in the 

ceruloplasmin gene.16  

Apart from transport function, the copper atom of ceruloplasmin is 

essential for copper utilization in the biosynthesis of cytochrome C 

oxidase and also ceruloplasmin can transfer copper to metal- free 

superoxide dismutase. In addition, it has been shown to act as an 

enzyme, a serum ferroxidase playing a major role in oxidizing iron (II) 

to iron (III) in serum and at the cell surface, thereby assisting in its 

transport in the plasma in association with transferrin, which can only 

carry iron in the ferric state. It thereby converts the toxic ferrous form 

to its non-toxic ferric form.15 

During acute phase of an inflammatory response as occur in HIV 

infection, several changes occur in the production of the plasma 

cuproprotein ceruloplasmin by the liver. Plasma caeruloplasmin is an 

acute phase protein that possesses antioxidant properties and plays vital 
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role in the regulation of iron release from cells.17 In inflammation, 

metals accumulate in the liver due to the increased synthesis of MT. 

Studies have demonstrated that cytokines especially interleukin 1(IL-1) 

and interleukin 6(IL-6) were responsible for the up-regulation of MT 

synthesis in the liver.8,15,16 The increased synthesis of MT during 

inflammation can lead to an elevation of available intracellular copper 

pool. These increased copper levels could facilitate the regulation of 

ceruloplasmin synthesis.15 Even though the function of MT is not 

completely known, a role as reservoir of metals is generally 

accepted.16,17 A close interaction between MT and ceruloplasmin in 

synthesis and functions has been proposed.18 Cytoplasmic MT-derived 

copper may be released by glutathione reduction and then transported 

into the Golgi or endoplasmic reticulum by the P-type ATPase copper 

transporter and is incorporated into ceruloplasmin.10,18 For this 

mechanism to be relevant in acute phase response, there has to be a 

coordinated increase in the transcription of MT and ceruloplasmin 18,19. 

The modulation of acute phase protein synthesis is primarily achieved 

through cytokine-induced up-regulation in mRNA expression of the 

acute phase protein genes in the liver.19 It has been reported that MT-

2mRNA expression and (not MT-1) was induced by IL-1 in the human 

hepatoma cell line (HePG2 cells) but several others observed that IL-1 

indeed induced the synthesis of MT-1, MT-2 and ceruloplasmin 

expressions.18, 20 

 

Regulation of metallothionein by zinc 

The most important factor in the modulation of MT is the amount of 

zinc intake.21 Zinc deficiency is associated with poor wound healing, 

growth retardation, hair loss and weak immune function.22 When zinc 

levels fall, skin rash, abdominal pain, loss of appetite, diarrhea and 

impaired taste and smell could occur. When the host’s stores of zinc are 

depleted plasma MT is degraded to provide plasma zinc. Zinc 

supplementation however, can restore MT levels.21,22 A cautious use of 

zinc supplement is advised because if zinc is administered for too long, 

it can cause depigmentation of hair and skin. In addition, excess zinc 

can result to copper deficiency. Copper apart from being transported by 

ceruloplasmin, it also binds to albumin and MT. If ceruloplasmin levels 

are low, free copper increases to toxic levels and results in zinc 

deficiency. When levels of MT and zinc bound by MT are adequate, 

glutathione mediates the transfer of zinc to MT. On the other hand, 

glutathione also oxidizes the sulfhydryl groups of MT and releases zinc 

to enzymes.23 Therefore, MT, ceruloplasmin and glutathione are very 

important in maintaining adequate zinc levels and immune system in 

HIV infection. 

 

Role of trace elements on the immune system 

The immune system helps to maintain adequate physiological integrity 

of the body by eliminating any invading foreign agent. This the body 

does through innate and/or acquired immunity, a complex process 

involving coordinated efforts of several cell types and their secretory 

products such as macrophages, T and B-lymphocytes. Macrophages 

might be among the cells of first line of defense because of their 

phagocytic, cytotoxic and secretory activities. Any invading agent is 

phagocytized and digested by macrophages and the macrophages may 

be damaged in the process. Micronutrients such as zinc, selenium, 

copper, and vitamins do influence several components of innate 

immunity. These micronutrients play key roles in the dynamic of 

oxidant-mediated tissue injury and phagocytic cells produced reactive 

oxidants as part of the defense mechanism. For the cells that participate 

in innate immunity to function optimally, adequate supply of essential 

micronutrients is required. For example, deficiency of zinc may reduce 

natural killer cell function, but zinc supplementation can enhance their 

functions.24 

The effector cells of the immune system are the T and B-lymphocytes. 

Whereas B-lymphocytes produce specific antibodies in response to 

antigen, T-lymphocytes help B-cells in antibody production as well as 

mediating cellular immune response. Micronutrient deficiencies could 

complicate malnutrition and other systemic diseases. Malnutrition is a 

composite syndrome of multiple nutrient deficiencies. Five concepts 

have been proposed to explain the interrelationship of micronutrient 

deficiencies and their effects in the host. They are; (i) changes in 

immune responses occur early in the course of inadequate micronutrient 

intake (ii) the extent of immunological impairment depends on the type 

of deficient micronutrient, its interactions with other essential nutrients, 

the severity of deficiency, presence of infection and age of the 

individual involved, (iii) immunological derangement predicts outcome 

of disease progression and mortality (iv) excessive intake also causes 

impaired immune responses (v) tests of immune-competence are 

important in the assessment of physiological needs and in the 

assessment of safe lower and upper limits of micronutrient consumption 
25 . Studies have shown that HIV infection exacerbates the release of 

pro-oxidants, cytokines and other reactive oxygen species resulting in 

the increased utilization of antioxidants such as vitamin E, C, beta-

carotene and micronutrients such as zinc, selenium, manganese, copper 

and iron. The imbalance between the production of free radicals and the 

presence of adequate antioxidants causes oxidative stress which further 

damage biomolecules and accelerate HIV replication.25,26 Some authors 

have demonstrated that deficiencies of nutrients could affect immune 

function, favours viral expression and replication leading to increased 

morbidity and mortality.27 

Cytokines are necessary for immune system to function optimally. 

Cytokines are soluble glycoproteins which are secreted by cells of the 

immune system and help to regulate immune response via specific 

receptors.28 It was reported that cytokines secretion profiles correlate 

well with the specific functions of helper T (Th)1 and Th 2 cells. These 

are the major subsets of fully differentiated CD4+ Th cells. The Th1 

cells secrete interferone-gamma (IFN-γ), IL-2 and tumour necrosis 

factor-beta (TNF-β). These are responsible for cell-mediated 

inflammatory reactions, delayed-type hypersensitivity and tissue injury 

in infection.28 The Th-2 cells on the other hand secrete IL-4, IL-5, IL-6, 

IL-10 and IL-13 and are associated with B-cells antibody production. 

The secretion functions of both Th-1 and Th-2 are cross-regulated by 

IFN-γ and IL-10.29-33 

In HIV infection, a Th-1type response is associated with recovery from 

infection while a Th2-type response correlates with disease severity and 

progression.34,35 Studies have shown that viruses have the ability to 

subvert or impair the host immune response to different degrees. This 

impairment of immune system most often leads to increased 

susceptibility of individuals to pathogenic viruses.  

 

Impact of antioxidants deficiencies in HIV infection 

Viral infection triggers inflammation and inflammation induces the 

secretion of cytokines and free radical generation. Oxidative stress has 

been reported in HIV infection.36-38 The impact of antioxidant depletion 

is often seen at cellular levels and products of lipid peroxidation are 

toxic to the host. When cell membranes are damaged, these toxins are 

released into the body. For example, deficiency of glutathione affects 

liver detoxification function.37 Supplementation of antioxidants has 

been suggested in persistent viral infection. Studies have shown that the 

most important antioxidant that needs to be restored and maintained in 

HIV infection is glutathione.37,38 Essential elements such as copper, 

zinc, selenium and manganese act as co-factors of antioxidant enzymes 

which neutralize free radicals generated during oxidative stress 3. 

Interestingly, a delicate balance needs to be maintained for redox trace 

elements such as copper which can initiate free radical generation and 

also as cofactor for copper-zinc superoxide dismutase. Metal chelators 

such as ceruloplasmin plays vital role to curtail the reactive copper ion.  

Selenium-deficient mice were reported to be susceptible to infection 

with coxsackievirus and influenza virus.3 The immune system can be 

changed in selenium deficient animals as well as the viral pathogen 

itself. Genome sequencing of viral isolates from selenium-deficient 

mice has been shown to demonstrate mutations in the viral genome of 

coxsackievirus and influenza virus.3 These alterations in the viral 

genome were associated with increased pathogenesis of the virus.3,36 

Several studies have demonstrated the antioxidant role of zinc.37,38 Zinc 

ions may either replace redox active molecules like iron and copper at 

critical sites in cell membranes and proteins or it may induce the 

synthesis of metallothionein that protects against free radicals 

generation.36,38 

 

Impact of trace elements deficiencies in HIV infection 

Studies have shown that during most viral infections, both plasma and 

tissues levels of trace elements are altered.39,40 Selenium deficiency in 

HIV infection has been associated with disease progression and 

mortality in infected persons.39-41 Selenium may be also needed for the 

replication of the HIV and thus can deplete host selenium levels.41 

Selenium supplementation may down-regulate the abnormally high 

levels of IL-8 and TNF-α observed in HIV infection.42,43 This high 

levels of IL-8 and TNF-α have been linked with neurological damage, 

Kaposi sarcoma, wasting syndrome and increased viral replication.42,43 

The impact of selenoprotein glutathione peroxidase on the inhibition of 
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HIV activation has been reported.38,42,43 Increased expression of the 

enzyme can stimulate viral replication and the appearance of cytopathic 

effects associated with disease severity.  

Zinc supports a healthy immune system and is essential for wound 

healing, the sense of taste and smell and for DNA synthesis.44-46 Zinc 

often remains intracellular and participates in several physiological 

mechanisms. Adequate zinc level is necessary for T-cell proliferation, 

maturation, differentiation, lymphocyte response to mitogens, apoptosis 

of lymphoid and myeloid cells, gene transcription and biomembrane 

functions.47,48 The immune system is adversely affected by even 

moderate degrees of zinc deficiency. Severe deficiency reduces 

immune function.49 Primary and secondary antibody responses are 

depressed in zinc deficiency and generation of splenic cytotoxic T-cells 

is reduced after immunization.50 Zinc supplementation given to zinc 

deficient individuals led to increased levels of T-cell lymphocyte 

population and the ability of lymphocytes to fight infection was 

improved.3 Avoidance of high doses of zinc was advised because zinc 

can cause negative effects on immune cells resembling the changes that 

occur in deficiency.50 Zinc deficiency can alter immune function from 

Th-1 response to Th-2 response thereby adversely influencing the 

course of the disease.51 Low-dietary zinc intake has been regarded as an 

independent predictor of mortality in HIV infected drug users. Both 

deficiency and excess of zinc in HIV infection was associated with 

declining CD4 cell count and reduced survival.52 

Prevalence of micronutrient deficiencies among HIV infected 

individuals. 

In HIV infection, micronutrient deficiencies and deficiencies of other 

nutrients that affect the immune system are vital biochemical factors 

that lead to disease severity, risk of opportunistic infections and 

increased mortality.50,51 Multiple micronutrient deficiencies were 

reported to be common among individuals living with HIV 

infection.38,53 This may be attributed to inadequate dietary intake of 

micronutrients and low circulating micronutrients levels. The 

micronutrient needs may be higher among HIV infected individuals 

than non-infected persons.53 Several authors have reported that most 

HIV infected persons consume less than the Recommended Dietary 

Allowance (RDA) of several micronutrients.53-55 The RDA is the 

quantity of a nutrient that is regarded as adequate to meet the nutrient 

needs of a healthy individual. Studies have shown that micronutrient 

intake at the level of the RDA may be insufficient for HIV infected 

adults.54,55 Some have reported that micronutrient deficiencies were 

common even among HIV-infected subjects on anti-retroviral 

drugs.56,57 Low serum micronutrient levels, consistent with deficiency 

have been reported among HIV-infected subjects in Ethiopia57 pregnant 

women in Malawi,57,58 and in children in Uganda.59 Low serum zinc 

levels were reported by several authors in HIV infected adults.61-63 Low 

plasma selenium levels were also reported in HIV-infected adults.64,65 

It should be noted that micronutrient concentrations in the blood are 

affected by how much of the micronutrients that are present in the body 

and by infection which increases the levels of some (such as ferritin) 

and decreases the levels of others (such as vitamins and zinc). This may 

make the interpretation of blood levels of micronutrients difficult in 

some cases. In HIV positive homosexual men, low serum zinc levels 

were associated with HIV disease progression.66,67 Some authors have 

suggested that serum zinc levels should be interpreted with caution in 

patients with inflammation since zinc is a negative acute phase reactant 

in the blood.53 Low plasma selenium levels have been associated with 

accelerated progression of HIV disease among adults,68 pregnant 

women in Tanzania,69 children and children born to HIV infected 

mothers in Tanzania.70,71 

 

Significance of serum metallothionein and ceruloplasmin levels in 

HIV infection 

 Ceruloplasmin has a principal function of transporting and delivery of 

copper to the tissue,72 which is increased during inflammation or stress. 

Copper concentrations, unlike iron and zinc, increase as part of the 

acute-phase response. Such changes are a direct result of increased 

hepatic synthesis of ceruloplasmin, the major copper binding protein, 

mediated by cytokines IL-1, IL-6 and IL-8 7. Elevated ceruloplasmin 

concentrations during illness are postulated to be beneficial since 

ceruloplasmin scavenges free radicals and helps to maintain iron in the 

reduced state, i.e. it functions as an antioxidant.73 An increase in serum 

copper level can lead to a decrease in zinc level due to the antagonistic 

effect of the metals. Another intriguing role of copper is the promotion 

of angiogenesis for facilitating tumor to progress, thus leading to 

cancers associated with HIV infection.74 

Metallothionein increases the hepatic resistance against metal toxicity 

and may enhance intracellular metal ion binding capacity.7,38 Together 

with decreased hepatocytic secretion of albumin (another zinc 

transporter) and of transferrin and lactoferrin, this causes decreased 

serum zinc and iron values.38 The latter is regarded as beneficial for the 

infected organism, since iron is essential for microbial growth and 

reproduction. Low zinc also stresses the gut and can lead to poor 

digestion and malabsorption.7 The several functions described above 

which are associated with essential elements could manifest when the 

homeostasis levels of these proteins are not maintained.  

 Zinc deficiency in HIV infection impairs T-lymphocyte cell mediated 

immunity (CMI). Zinc deficiency causes an imbalance between T-

helper cell 1 and T-helper cell 2 functions with proportionally greater 

impairment of cell mediated immunity and prevents regeneration of 

new CD4 T-lymphocytes.74 HIV infection, similarly, results in 

dysregulated cytokine balance with shift from Th1 systemic cellular 

host defense cytokines (IL-2, IFN-gamma) to Th2 humoral response 

cytokines (IL-4, IL-5, IL-6, IL-10), even before loss of CD4 

lymphocytes. The HIV nucleocapsid protein contains two highly 

conserved zinc fingers, crucial for proper core assembly and viral 

replication.75 

 

Conclusion 

Ceruloplasmin level is increased in HIV infection due to acute response 

to the infection and oxidative stress. The increased ceruloplasmin level 

leads to elevated copper thereby reducing zinc and iron levels in 

circulation. The low serum zinc levels can lead to degradation of 

metallothionein in attempt to restore homeostasis. The depletion of 

metallothionein and zinc levels result in lowering of the immune 

function, promoting reduce differentiation of CD4 cells and disease 

progression.  
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