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Abstract: Infections that are triggered by the accompanying immunosuppression in patients with burn
wounds are very common regardless of age. Among burn patients, the most frequently diagnosed
infections include the bacterial ones primarily caused by Pseudomonas aeruginosa or Klebsiella pneumonia,
as well as fungal infections with the etiology of Candida spp. or Aspergillus spp. Besides, burn wounds
are highly susceptible to viral infections mainly due to the impaired immune responses and defective
functions of the immune cells within the wound microenvironment. The most prevalent viruses that
invade burn wounds include herpes simplex virus (HSV), cytomegalovirus (CMV), human papilloma
virus (HPV), and varicella zoster virus (VZV). Likewise, less prevalent infections such as those
caused by the orf virus or Epstein–Barr Virus (EBV) might also occur in immunosuppressed burn
patients. Viral infections result in increased morbidity and mortality rates in severely burned patients.
Additionally, a positive correlation between the hospitalization duration and the severity of the viral
infection has been demonstrated. Viral infections trigger the occurrence of various complications,
ranging from mild symptoms to even fatal incidents. Accurate detection of viral infection is of
great clinical importance because of the possibility for a quicker introduction of proper treatment
therapy and shortening of hospitalization time. The aim of this paper is to provide a comprehensive
review of the literature and summarize the findings regarding the most common viral infections in
immunosuppressed burn patients.

Keywords: burn; herpesvirus; herpes simplex virus; cytomegalovirus; varicella zoster virus; human
immunodeficiency virus

1. Introduction

Burn wounds are highly susceptible to various infections—bacterial and viral, as well as
fungal—that might be exogenous, endogenous, or opportunistic [1]. According to the World Health
Organization (WHO), the approximate number of deaths due to burn wounds is estimated at 265,000
per year, among which over 96% occur in low- and middle-income countries [2]. The occurrence
of a burn injury in a patient significantly affects the immune responses, resulting in secondary
immunodeficiency that is further associated with poorer clinical outcomes. The major alterations
include the decreased activity of neutrophils and the excessive release of cytokines and growth factors
that result in persistent inflammation.
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Burns are classified according to a four-degree scale depending on their severity, depth, the extent
of tissues that are burnt, the exact location on the body, and the general clinical outcome. A first-degree
burn refers to a superficial burn that only involves the epidermis. A second-degree burn, as well as
the epidermis, also includes the most superficial layers of the dermis and a third-degree burn involves
both—the epidermis and the dermis—whereas a fourth-degree burn passes through all of the skin
layers, reaching the underlying structures, including muscles and bones. Burns weaken the immune
system of a host, resulting in a wide spectrum of clinical manifestations, as well as further complications
during the hospitalization course.

Except for the opportunistic infections that might occur in immunosuppressed burn patients,
reactivations of latent viral infections are also very prevalent. Such reactivations can manifest either
systematically or be limited only to the closest area of a burn wound. Incidents of asymptomatic viral
reactivation have also been described in the literature and they can be diagnosed with the antibody
positivity. Viral infections usually do not concern patients without immunodeficiency.

During the first stages of an acute burn, the number of microorganisms within the burn wound is
small; afterwards, the site of the eschar is gradually colonized primarily by Gram-negative bacteria.
Thereafter, there is a significant increase in the number of infections that might appear within
the burn wound with time, which is also due to the disrupted microflora, increasing the probability
of opportunistic infections [3,4]. Moreover, burn patients are much more susceptible to a significant
number of infections due to the impairments of the immune cells and the following defective immune
responses [5]. What should be considered during the assessment of the severity of the infection are
the co-infections and diseases that may result in substantial immunosuppression, leading to a higher
susceptibility to other pathogens. What is also significant is the degree of a burn and its characteristics,
such as the depth and the range of tissues occupied. The most common cause of death in both adult
and pediatric burn patients is multi-organ failure due to sepsis, whereas one of the most prevalent
complications includes dysfunction of the respiratory system [6–8].

It is crucial to understand the pathophysiology and specific processes that successively appear one
after another during the treatment therapy; this is of great clinical importance since microbiological
flora within the burn might differ throughout all of these processes. Both clinicians and patients
should be aware that the quickest appropriate treatment of a burn significantly minimizes the potential
infections within the wound. During treatment, any macroscopic changes should be immediately taken
for microbiological analysis. This enables the choice of the most efficient therapy, allowing for more
effective and quicker recovery of the burn patients.

Several resistant microorganisms have emerged which may also affect the severity of the wound
infections among burn patients. The group of resistant microorganisms primarily includes such
bacteria as methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus, or Pseudomonas,
along with such fungi as non-albicans Candida spp. with Aspergillus or Fusarium spp. [9–15]. Currently,
Pseudomonas aeruginosa and Klebsiella pneumonia constitute the most common microorganisms that
colonize burn wounds [16,17].

Even though a wide spectrum of bacteria constitutes the majority of infections within the burn
wounds, viral infections are still highly prevalent. Besides, there are incidents of infections where
several different viruses coexist, which usually leads to more severe clinical outcomes [18]. According
to D’Avignon et al., in a 2009 study, from among the 97 autopsies performed, viral infections were
responsible for the deaths of five patients in the studied group; unfortunately, the diagnosis of a viral
infection was not made until the autopsy [19]. Nonetheless, due to the advancements in the medical
field, including the appearance of various effective treatment strategies and improved diagnostic
techniques, a significant decrease in the morbidity and mortality rates amongst burn patients has been
reported [20].
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2. Herpesviruses

2.1. Herpes Simplex Virus (HSV)

2.1.1. HSV Characteristics

Herpes simplex viruses type 1 and 2 (HSV-1 and HSV-2) belong to the Herpesviridae family that
constitutes a group of enveloped viruses containing a relatively large dsDNA genome and presenting
a short reproductive cycle [21]. The prevalence of both HSV-1 and HSV-2 infections increases with a
patient’s age [22]. Regarding HSV-1, its prevalence varies from 27% among the individuals aged 14–19
to 41.3%, 54.1%, and 59.7% in the following age groups—20–29, 30–39, and 40–49, respectively. A similar
prevalence pattern concerns HSV-2 infection—from 0.8% among individuals aged 14–19 and even up
to 21.2% in the group aged 40–49 [23]. HSV viruses have an ability to establish their latency within
the sensory ganglia of the autonomic nervous system and, therefore, they are prone to reactivation
even after a long period of silence [24]. The recurrence of HSV infection after its latency might be
induced after internal stimuli, like stress, fatigue, or fever, and external ones including chemical,
mechanical, and inflammatory factors [25]. HSV reactivation primarily occurs in adult patients who
were previously exposed to HSV infection, whereas primary infections are more common in children
and usually present a more aggressive course as well as a longer duration. Generally, HSV-1 is mainly
associated with the oral infections, whereas HSV-2 is more prone to infect skin areas (especially within
the genital area) primarily during a state of the lowered immunity, such as in patients with burn
wounds who present significant impairments of the local immunity and the microflora [26,27].

2.1.2. HSV Infection and Burn Wounds

Generally, HSV infections are most prevalent within the donor sites and not directly within
the burn wound [28]. Besides, HSV infections might also occur within partial-thickness burns that
have recently healed. Active HSV infections within a burn wound significantly prolong the recovery
time and impair the healing process [29]. HSV superinfections most frequently occur within burns
on the upper limbs and thorax and do not present a potential for visceral dissemination [30]. It was
reported that the majority of herpetic infections related to burn wounds affect males, however, this is
probably due to the higher percentage of male entry to burn units and institutions [31]. Furthermore,
HSV seropositivity is present in more than 25% of patients with burn injuries [32]. HSV infections in
burn patients might occur either by the reactivation of a latent infection due to the decreased immunity
or by a primary, opportunistic infection.

HSV infection-related impairments are facilitated by the disturbed immunological reactions mainly
within the subpopulation of the suppressor T lymphocytes; since this lymphocytic subpopulation
appears approximately 1–3 weeks after an initial burn wound, it is also the time of the greatest
susceptibility to the primary HSV infection. HSV also induces the downregulation of Toll-like
receptor (TLR)-mediated nuclear factor-κB (NF-κB) cytokine production, which enhances further
viral replication [33]. Subsequently, the percentage of potential bacterial infections is also significantly
increased in such patients [34]. The abovementioned immune-related alterations also include a decreased
number of T lymphocytes and lowered lymphocytic responsiveness to mitogenic and HSV antigenic
stimuli, as well as a decreased release of interleukin-2 (IL-2), and abnormal antibody production [35].

Usually, HSV infections occur mainly within extensive burn wounds, whereas minor ones are
less susceptible. Wurzer et al., in 2017 (Supplementary Table S1), found that HSV infections are quite
prevalent in cases where the total body surface area (TBSA) of a burn is more than 53% [36]. However,
unusual cases of HSV infection, when only a small percentage of the TBSA is affected by a burn wound,
are still reported. Sobouti et al., in 2018, presented a case of a 1-year old infant whose TBSA was equal
to 0.5%, but the HSV genome was still detectable via a polymerase chain reaction (PCR) and gene
sequencing analyses [26]. Interestingly, in the aforementioned case, the number of the white blood
cells was in the reference range and the TBSA percentage seemed to be too small to significantly lower
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the immunity responses in this individual’s case. Therefore, even when the percentage of the TBSA
is relatively insignificant, clinicians should provide all of the essential examinations for bacterial,
viral, and fungal infections to maximize the accuracy of the diagnosis (Figure 1) [37].

Figure 1. The examples of bacteria, viruses, and fungi that might induce infections within burn wounds.

Besides, even small burn wounds may induce either the reactivation of latent infection or
the induction of a primary infection. The severity of HSV infection is also unpredictable since it may
vary from mild symptoms, such as vesicular skin rash, to even severe necrotizing hepatitis or fatal
encephalitis [38–41].

2.1.3. Clinical Manifestations of the HSV Infection in Patients with Burn Wounds

HSV infection manifests as a group of vesicles or vesicopustules within the area of a burn
and usually occurs in the first three weeks after the injury. HSV reactivation might either appear within
the area of a burn or manifest systematically. Besides, asymptomatic reactivation is also quite prevalent
and must be verified and confirmed by the appropriate laboratory analyses. Facial or neck burns usually
lead to the reactivation of HSV infection mainly because of the HSV latency within the trigeminal
ganglion [42]. Regarding HSV-related diseases in burn patients, casual cases of tracheobronchitis
along with pneumonia were reported [31]. Moreover, cutaneous infections can also be present but,
nevertheless, they are not as common as the aforementioned medical conditions [43]. Kagan et al.
showed that 52% of severely burned patients showed a significant increase in anti-HSV immunoglobulin
G (IgG) titers to herpes viruses in general [44]. Fidler et al., in 2002, showed that approximately 2 weeks
after the exposure of the burns within the head and neck areas, 15% of the intubated patients presented
facial rash due to HSV infection [45]. Cook et al., in 2017, reported a case of a 58-year old woman with
burn wounds who died because of diffuse HSV-related hepatitis and massive liver necrosis [46]. The last
case required a liver biopsy, which constitutes a gold diagnostic standard for those patients who are
suspected of HSV hepatitis; such incidents are relatively rare but might be fatal [47]. There was also a
case in which HSV-2 infection was associated with severe pneumonitis, tracheitis, and focal necrotizing
hepatitis in a severely burned patient [48]. Bordes et al. (2008) reported a case of a 43-year old man
with a burn of 65% of the TBSA due to self-immolation. Because of the rapid state of unconsciousness,
PCR tests were performed to investigate the potential cause of infection and the results showed
HSV-1-related encephalitis, probably due to viral reactivation [49]. However, milder symptoms such
as a rash, vesicles, or vesicopustules might be quite easily misdiagnosed and treated as impetiginous,
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eventually leading to much more severe complications of the HSV infection [50]. In 1996, Byers et al.
demonstrated that 50% of burn patients showed the presence of HSV in the lung tissue and 16 patients
developed acute respiratory distress syndrome (ARDS), among which 13 were infected by HSV [51].
Extremely severe complications of HSV infection in burn patients, such as hepatitis, liver necrosis,
pneumonitis, tracheitis, encephalitis, or ARDS, are most likely due to the reactivation of a latent HSV
infection, which may be induced by shock [52]. However, statistically, there is no correlation between
active HSV infection and the increased morbidity and mortality rates in burn patients [53].

2.1.4. HSV Detection and Treatment

The clinical diagnosis of HSV might be quite ambiguous usually due to the lack of specific
symptoms. Regarding burn wounds, laboratory diagnostic methods should be applied even in cases
of suspected viral infections because of the probability of asymptomatic HSV infection. Diagnostic
inconsistency and inaccuracy might be due to the various methods of HSV detection, including
the usage of serologic analysis, respiratory cultures of the virus, or even cutaneous or mucosal
HSV cultures [29]. Regarding previously described cases, PCR and gene sequencing seem to be
reliable methods for the detection of a viral infection. Currently, PCR constitutes the gold standard
for the verification and diagnosis of HSV infection [54]. Besides, fluorescence in situ hybridization
(FISH) and next-generation sequencing (NGS) are also applicable during HSV detection [55,56].
The presence of intranuclear eosinophilic inclusion bodies (Cowdry type A), that can be observed
under a light microscope, provides a quick validation of the diagnosis. However, the presence
of Cowdry type A bodies is also a characteristic of a varicella zoster virus (VZV) infection [57,58].
Even though some diagnostic techniques may vary and both false negative and false positive results
should be taken into consideration, the number of HSV infections related to burn injuries is surprisingly
high. The quickest and most accurate diagnosis of HSV infection provides a quicker introduction of
the proper treatment therapy, enabling a reduction of the hospitalization course, potential complications,
and re-infection episodes. The treatment of HSV infections usually includes acyclovir therapy but,
nonetheless, alternative agents such as ganciclovir or foscarnet can also be applied [59,60]. As well
as the traditional therapy, the potential role of l-lysine, an amino acid that interacts with arginine,
essential for HSV replication, is currently being investigated [61].

2.2. Cytomegalovirus

2.2.1. CMV Characteristics

Cytomegalovirus (CMV) is an enveloped virus that belongs to the Herpesviridae family
and the Betaherpesvirinae subfamily. There are eight species currently known, with humans and monkeys
acting as the natural hosts of the virus, but only one type—Human betaherpesvirus 5 (CMV or HCMV)—is
prone to infect humans, resulting in such diseases as mononucleosis or pneumonia [62,63]. Even though
breastfeeding is a possible infection route, most CMV infections are assumed to be horizontally acquired
community infections during the childhood period [64–66]. Primary human cytomegalovirus disease
is defined as a combination of various clinical symptoms affecting different organs when CMV can be
detected from the specific tissue or fluid samples [67]. The severity of CMV infections significantly
differs—from mild symptoms or even symptomless cases—to severe diseases including pneumonia,
encephalitis, hepatitis, colitis, or retinitis [68]. CMV disease can significantly affect the morbidity
and mortality rates but, nevertheless, according to recent studies, CMV infection in burn patients does
not directly affect those rates.

2.2.2. CMV Infection and Burn Wounds

Traumas such as burn injuries significantly impair patients’ immune responses and, thus, increase
the likelihood of developing a CMV infection. Adult patients with burn wounds may become
affected by CMV either by the reactivation of latent infection or by a primary, exogenous infection.
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CMV latency occurs within the bone marrow, mainly within the monocyte/granulocyte progenitor
cells [69]. Viral reactivation and further replication occur in the hematopoietic cells, mainly due to
the internal and external stressors and stimuli [70].

The rate of a CMV reactivation in burn patients varies from 55% to 71% and, thus, constitutes
a significant clinical concern [71]. The exact mechanism of CMV reactivation remains unclear but,
nevertheless, it is believed that defective immune responses, including macrophage hyperactivity,
enhanced cytokine production, and overactivation of type 2 T cells, might be crucial in this process [72,73].
A differentiation between the primary and reactivated CMV infection can be done with the usage of
anti-CMV-IgG and microneutralization [74]. Due to the impaired immunological responses, including
overactivation of T helper cells and defective responses from T cells, burn patients are more vulnerable
to CMV reactivation [75]. The seroconversion rate of CMV in burn patients who were previously
diagnosed as seronegative for CMV varies from 18% to 22% [76]. Moreover, up to 50% of patients with
CMV latency can develop the reactivation of infection during immunosuppression. Regarding burn
centers in Germany, 41% of the respondents claimed that CMV infection related to burn wounds is of
significant clinical importance, whereas, in the United States, only 13% of the respondents believed in
such a high relevance of CMV infections within burn lesions [77]. These results show that the awareness
of CMV infections in burn patients may be questionable in some communities.

A direct relationship between CMV disease and bacterial sepsis has not been determined yet.
However, CMV infection can significantly increase susceptibility to bacterial infections because of
the decreased immune responses in infected individuals [78]. Bordes et al., in 2011, showed that
CMV infection occurred mainly in CMV-seropositive burn patients with an incidence rate equal to
71%, whereas in the case of the seronegative burn patients, the infection rate was equal to 12.5% [79].
Patients with sepsis present nearly a five times higher percentage of CMV infections; recent studies
also showed that latent CMV may be reactivated during intra-abdominal sepsis [80].

According to published reports, there is no correlation between the presence of CMV (neither
reactivated nor primary) and increased mortality rates. CMV infections are most common in patients
with burns greater than 15% of the TBSA. Hamprecht et al., in 2004, reported a case of a 40-year old
female who suffered from burn injuries that were occupying approximately 65% of the TBSA [81].
The patient received skin transplants, including the areas of the arms and neck. Viral DNA and RNA
were detected from the blood and lung samples, confirming the CMV presence; during the first day of
the injury, CMV DNA was not detectable. CMV IgM titers were present in the serum approximately
25 days after a burn incidence, whereas the peak level was reported during the 39th day after a
burn. CMV was detectable in the bronchoalveolar lavage (BAL) fluids despite a lack of manifestations
from the respiratory system. This observation may be an explanation of the pulmonary distress
that occurs even when no strict and relevant macroscopic changes are observed. In this case report,
it was suspected that active CMV infection was due to the presence of the skin allografts, which could
constitute a potential source of CMV vectors. Another more likely explanation for those findings might
be a probable blood spillover of CMV.

CMV infection in burn patients may be induced due to the presence of CMV within skin allografts
and further reactivation after transplantation in previously uninfected patients [81–83]. Gibbs et al.,
in 2016, presented a case of a burn patient who was reported to have developed severe colitis due
to CMV infection [84]. CMV infection might result in numerous complications of varying severity,
from symptomless cases of latency to major organ dysfunctions, including hepatitis, encephalitis,
pneumonia, or colitis. One of the potential molecular mechanisms of CMV reactivation in cases of burn
wounds is the polymorphism of human leukocyte antigen (HLA-E) loci [85]. As well as CMV infection
alone, incidents of combined (CMV and HSV) infections in burn patients have been described [44,86].

2.2.3. CMV Detection and Treatment

Diagnostic techniques of CMV detection include serological tests that reflect prior exposure to CMV,
as well as other tests for active infection, such as PCR, conventional cell cultures, antigenemia, quantitative
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nucleic acid testing (QNAT), or immunochemistry [87]. The usage of PCR seems to be the most efficient
method for potential CMV detection, enabling the quickest introduction of the appropriate treatment
therapy. Histologic detection of CMV under a light microscope may be validated by the presence of
intranuclear basophilic inclusion bodies with an “owl’s eye” appearance [88]. Currently, the most
common serologic test used for measuring antibody to CMV is the enzyme-linked immunosorbent assay
(ELISA) [89]. Antiviral therapy for CMV should be considerably adjusted for all patients, especially
for those with renal dysfunction. The appropriate doses of antivirals should be provided since doses that
are too low might induce antiviral resistance and overall treatment failure. Primarily, therapy includes
ganciclovir, however, valganciclovir also constitutes an effective treatment agent [90].

2.3. Varicella Zoster Virus

2.3.1. VZV Characteristics

Varicella zoster virus (VZV) is a human alphaherpesvirus that belongs to the Herpesviridae family.
More than 90% of the population develops either primary infection, which manifests as chickenpox or
shingles, or establishes a latent infection within the neurons of the trigeminal or dorsal root ganglia [91].
The reactivation of VZV occurs in approximately one-third of individuals with a latent infection
and usually leads to shingles; post-herpetic neuralgia and delayed healing may also be caused by VZV
reactivation [92,93]. The reactivation of VZV might be triggered by several stress factors, including
other viral, bacterial, or fungal infections, trauma, immunosuppression, and lowered immunity [94].

2.3.2. VZV Infection and Burn Wounds

VZV infections within burn injuries are extremely rare; nevertheless, whenever they occur,
the post-infectious complications are usually critical and are associated with increased mortality
rates [53]. Manifestations of VZV infection tend to be particularly severe mainly among patients
with second-degree burns as well as within the healing donor sites [95]. The reactivation of latent
VZV infections may be associated with the presence of extensive burn lesions and further impaired
immunity. Likewise, donor sites present increased susceptibility to VZV infection [32]. The sources
of infection typically include endogenous VZV or those which are induced by blood transfusions.
Despite burn-related immunosuppression of patients, VZV reactivation is relatively rare in patients
with burn wounds. Besides, the molecular trigger of VZV reactivation is yet unclear.

Sheridan et al. observed post-infectious cases of chickenpox and pneumonitis that were developed
in pediatric burn patients with active VZV infection [86]. Moreover, in the same study, it was reported
that the majority of burn patients who developed VZV infection were those who were previously
exposed to the index case. It is still unexplained why the reactivation of HSV, which also belongs to
the Herpesviridae family, is much more frequent when compared to VZV reactivation. VZV infections are
highly prevalent in pediatric patients, especially those who were never affected by VZV or vaccinated [96].
The immunity to VZV, which is obtained either by a previous infection or VZV vaccination, significantly
lowers the rate of VZV infections among burn patients [86]. Furthermore, morbidity and mortality rates
are elevated among non-immunized patients with acute VZV infection.

2.3.3. VZV Detection and Treatment

Laboratory diagnosis is crucial to differentiate between VZV and HSV infections since the clinical
picture of VZV infection might be slightly confusing due to the dermatologic manifestations that
are typical for HSV [97,98]. PCR is a sensitive, widely available technique that provides a rapid
and accurate confirmation of a suspected VZV infection [99]. Sauerbrei et al. reported that PCR provides
the highest rate of detected VZV infections (95%) comparing to culture (20%), serology (48%), or
immunofluorescence (82%) [100]. Besides, light microscopy analysis reveals the presence of intranuclear
inclusion bodies (Cowdry type A), which may also confirm the diagnosis [101]. Acyclovir remains



Viruses 2020, 12, 1315 8 of 18

the first-line treatment for VZV infection [102]. Other treatment strategies include the administration
of valacyclovir, famciclovir, or brivudin [103–105].

2.3.4. EBV Infection and Burn Wounds

Regarding other Herpesviridae infections within burn wounds, an infection with Epstein–Barr virus
(EBV) in pediatric burn patients was reported by Linnemann and MacMillan in 1981 [18]. Among 27
examined patients, only three children presented increased EBV antibody titers with no significant
clinical manifestations. However, according to the authors’ knowledge, no other studies showed
the presence of EBV infection in burn patients specifically.

3. Parapoxvirus Infection in a Burn Injury and the Presence of a Skin Graft

Parapoxvirus is a virus that belongs to the Poxviridae family, constituting a group of relatively
large, DNA-containing viruses that are responsible for highly contagious zoonotic infections.
Human infections by the orf virus are mainly due to contact with farm animals and infected
fomites [106]. There are some reports of the orf virus infections induced by infected fomites in
burn patients; an increased risk of orf virus infection also concerns patients with skin grafts [107].
Hsu et al., in 2016, reported a case of a patient with burn injuries affecting 35% of the TBSA who
received skin grafts [108]. The patient was reported to have both direct and indirect contact with
farm animals that could have been the source of infection. The immunohistochemical staining was
positive for Parapoxvirus and negative for Orthopoxvirus. Additionally, the presence of the skin grafts,
along with the areas of the burn wound, significantly affected the patient’s susceptibility to viral
infection. To the best of the authors’ knowledge, this is the first reported case of orf infection in the case
of a patient with burn wounds at the skin graft harvest site.

Orf virus affects epidermal keratinocytes in areas that are more immunocompetent than
the physiological, intact skin barrier. The pathogenicity of orf virus is associated with vascular
endothelial growth factor (VEGF) that promotes angiogenesis, facilitating the infection [109]. Viral VEGF
is also believed to play a role in the formation of scabs, which is a typical characteristic associated with
the healing of orf virus lesions; viral VEGF is a crucial factor in both the transmission and replication
of orf virus [110]. It was suggested that immunosuppression due to burn wounds is associated with
the upregulation of viral VEGF but, nevertheless, the exact mechanism of this process is not yet
deciphered. In cases of burn patients, the exact etiology of orf virus infection may be quite unclear since
orf virus may be transmitted by several vectors, including infected animals and fomites, or even by
direct transmission during the grafting process. Thus, an exact and accurate examination, along with
the medical history and review, should be provided.

Orf Virus Detection and Treatment

Laboratory testing for orf virus includes cell culture isolation, ELISA, western blotting, electron
microscopy, and restriction fragment length polymorphism [111,112]. Even among a wide range of
available diagnostic methods, PCR remains the most common technique used for the detection of
orf virus, providing 100% sensitivity and specificity estimated to be 93% [113]. Various therapeutic
modalities were reported to be efficient regarding the treatment of orf virus infection, including
cryotherapy, electrocautery, imiquimod, or cidofovir administration [114,115]. Usually, large orf lesions
require excision and skin grafting [116].

4. A Rare Case of Papillomavirus Infection

Human papilloma virus (HPV) belongs to the Papovaviridae family of the DNA viruses. To date,
174 HPV subtypes have been described but, nevertheless, new species are continuously being
detected [117]. HPV is primarily responsible for intraepithelial neoplasias on the skin as well as within
the mucosal cells [118]. The major HPV transmission route includes sexual intercourse but, nonetheless,
other factors, such as smoking, defective immune responses, or even deficiency of some vitamins or
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minerals, might also contribute to this process [119]. HPV replication might occur within areas with
defective immune responses, which also include burn injuries where immune cells and responses are
significantly impaired. Moreover, due to the rapid destruction of the skin layers, HPV replication may
occur at even increased levels, usually leading to more severe clinical outcomes. In 1996, Camilleri
and Milner reported a case of a 4-year old boy with a burn that included only a small surface on the left
ring finger [120]. After approximately 4 weeks, the patient reported the presence of a “keloid scar”
within the area of the previous burn. Because the basal layer of the skin remained intact, HPV was able
to survive and replicate within the region of the burn wound. According to the authors, such remains
of a burn injury may be hard to distinguish from hypergranulation tissue and, therefore, the accurate
diagnosis of HPV infection may be misleading in some cases. Furthermore, one of the limitations is
that the authors did not exactly explain the methods of the HPV detection and diagnosis. The only
information provided was that histological examination should be performed to obtain reliable data.
Nevertheless, it was the first reported case of HPV presence within the area of a burn wound.

5. Human Immunodeficiency Virus

Human immunodeficiency virus (HIV) constitutes a member of the Lentivirus genus of
the Retroviridae family. HIV is divided into two major types—HIV type 1 and HIV type 2. Infection by
HIV-1 is considered to be the main cause of acquired immune deficiency syndrome (AIDS), whereas
infection by HIV-2 is more restricted to specific regions in the world, such as Africa, but it can also
induce AIDS [121]. HIV infection induces mononucleosis-like syndrome within approximately 28
days of the virus contraction [122,123]. Later, a significant decrease in the number of CD4 cells and an
increase in viremia develops in untreated patients [124]. Eventually, impaired immune responses
and defective functions of the immune cells may lead to the development of chronic multiorgan
diseases and periods of prolonged latency, as well as usually severe impairments within the central
nervous system [125,126].

What is crucial regarding the clinical course of burn wounds are the patient’s age and sex, other
comorbidities and injuries, as well as the TBSA of the burn. According to Edge et al. (2001), HIV-positive
patients who suffer from a burn injury and do not present any stigmata of AIDS should be treated
similarly to HIV-negative patients [127]. In the 1-year study that was performed in the Burns Unit at
Queen Elizabeth Central Hospital (QECH), Blantyre, Malawi, out of the 342 patients who were included
in the study, 40 of them (11.7%) were HIV positive [128]. Among those 40 HIV-positive patients,
85% were older than 16 years old. The majority of deaths among burn patients were due to sepsis
and multiorgan dysfunction. Death due to complications of sepsis affected 53% of the HIV-positive
patients and only 21% of the HIV-negative patients. HIV-positive patients had significantly lower CD4
counts (mean 383 mm3) compared to the HIV-negative patients (mean 937 mm3); thus, the patients’
HIV status was an independent predictor of the CD4 counts. Therefore, immune deficiency due to both
HIV infection and the presence of a burn wound itself might have contributed to the increased mortality
rate of patients. Likewise, HIV infection and HIV-related multiorgan dysfunction, along with impaired
immune responses, in burn patients resulted in higher mortality rates. Nevertheless, those patients
whose burn wounds were more than 30% of the TBSA experienced 100% mortality regardless of HIV
infection status. Microbiological tests showed no differences in the bacterial cultures in HIV-positive
or HIV-negative patients. The most common bacteria included Escherichia coli, Staphylococcus aureus,
and Pseudomonas aeruginosa. Furthermore, the higher burn percentage of the TBSA was in direct
proportion to the lower total number of the white blood cells, as well as neutropenia. Interestingly,
in other studies, there was no difference between the HIV-positive and HIV-negative patients in
terms of the mortality and morbidity rates [127,129]. HIV-positive patients are more prone to sepsis
and sepsis-related death not only because of the impaired immune responses but also as a consequence
of the presence of a burn injury itself, which further facilitates the immunosuppression. Therefore,
the size of the burn’s TBSA constitutes an important factor predicting the clinical outcome of both
HIV-positive and HIV-negative patients.



Viruses 2020, 12, 1315 10 of 18

Mzezewa et al., in 2003, aimed to investigate the impact of HIV infection on the clinical outcome of
patients with burn wounds compared to HIV-negative patients with burns [130]. The TBSA of the group
of patients with burn wounds was within the range of 10–20%; the control group included a group of
13 non-burnt, HIV-negative patients and 15 non-burnt and HIV-positive patients. Twenty-eight percent
of all of the burn patients turned out to be HIV positive. Microbiological tests showed the highest
prevalence of Staphylococcus aureus and Pseudomonas aeruginosa from the biological material obtained
from the burn wound. Hemoglobin and hematocrit levels were significantly lowered in HIV-positive
burn patients in comparison to the control groups. Besides, the level of leukocytes and serum proteins
was increased in the case of burn patients. HIV-positive burn patients also showed lower levels of
CD4+ lymphocytes and overall CD4+/CD8+ ratio. The decreased level of CD4+ in HIV-positive
patients was induced by several mechanisms, including cytotoxicity, apoptosis, syncytium formation,
or autophagy [131]. Interestingly, IL-2, IL-6, and TNF-α levels were decreased, whilst IL-4 levels
were increased in the group of HIV-positive, non-burnt volunteers in comparison to HIV-positive
patients with burns; besides, both of the abovementioned groups showed a significant decrease in
the INF-γ levels. The presence of a burn wound, along with a coexisting HIV infection, leads to
the significant impairment of the immune cells (especially T lymphocytes) and, thus, also a defective
release of various cytokines; this mechanism also explains the depletion of the CD4+ lymphocytes [132].
Among 1217 burn patients, the prevalence of HIV infection was equal to 0.5% (n = 5), who were
HIV positive in the cross-sectional study performed by Salehi et al., in 2015 [133]. In this study,
all of the HIV-positive patients were males with a mean age of 39 years and had relatively extensive
burn areas. HIV-positive patients presented a significantly longer duration of the hospitalization
course. However, the mortality rate did not differ statistically in HIV-positive or HIV-negative groups.
The number of HIV infections in burn patients significantly differs between nations, mainly because of
the various socioeconomic statuses and medical care standards, which result in a different susceptibility
to viral, bacterial, and fungal infections.

Blood transfusions may also constitute potential sources of viral infections, including hepatitis
B virus (HBV), hepatitis C virus (HCV), or HIV type 1 and 2 [134,135]. Even though HIV type
2 presents lower pathogenicity and frequency in blood for transfusions, incidents of HIV type 2
seropositivity in blood donor samples are still possible [136]. There is a need for blood transfusions,
especially among severely burned patients, since they tend to experience anemia throughout their
hospitalization [137,138]. Therefore, usually, large amounts of blood are required to prevent impaired
erythropoiesis and serious blood loss. Other factors, such as a burn greater than 20% of the TBSA, a low
BMI status, and abnormal white blood cell counts, might be potential indicators during consideration
for blood transfusion [139]. Tavousi et al. showed that, in a group of 701 burn patients, the mortality
rate was two times higher among patients who had received blood transfusions compared to groups
that were not treated with any blood products [140]. To date, there is no strategy to prevent HIV
transmissions during blood perfusions [137]. Even though the risk of the HIV infection via blood
transfusion is still probable, the seroprevalence of HIV among blood donors showed a significant
decline, especially from 2004 to 2016 [141].

6. Conclusions

Patients with burn wounds present significantly higher susceptibility to a range of infections,
including not only common bacterial and fungal infections, but also viral ones [142,143]. This is mainly
due to the impaired immune responses and defective release of cytokines, an inappropriate vascular
organization within the area of a burn injury, intensification of severe oxidative stress, or the presence
of necrotic tissues that constitute the potential area of pathogenic growth or reactivation [144].
Viral infections in burn patients may be either primary or reactivated from their latency state.
Immunosuppression results in a significant amount of reactivations of latent viral infections. It should
be considered that both immunosuppression and prolonged hospitalization may significantly affect
susceptibility to viral infections. Moreover, besides common viruses like HSV or CMV, some infections
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might be induced by less common ones such as orf virus or EBV. What should be considered while
evaluating the published works regarding viral infections in burn patients is that some of the results
are contradictory, for example, in some of the reports, particular viral infections are considered to affect
the morbidity and mortality rates, whereas in other articles, no significant statistical correlation was
proven. However, more research should be done to maximize the accuracy of viral infection diagnosis
and, thus, the quickest introduction of the proper treatment therapy.
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Author Contributions: Conceptualization, J.B. and I.K.-G.; investigation, A.F.; resources, G.B.; writing—original
draft preparation, J.B. and A.F.; writing—review and editing, M.S.; visualization, J.B.; supervision, G.T. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hidalgo, F.; Mas, D.; Rubio, M.; Garcia-Hierro, P. Infections in critically ill burn patients. Med. Intensiva 2016,
40, 179–185. [CrossRef] [PubMed]

2. World Health Organization. Burns. 2017. Available online: https://www.who.int/violence_injury_prevention/

other_injury/burns/en/ (accessed on 8 December 2019).
3. Tran, N.K.; Wisner, D.H.; Albertson, T.E.; Cohen, S.; Greenhalgh, D.; Palmieri, T.L.; Polage, C.; Kosr, G.J.

Multiplex polymerase chain reaction pathogen detection in patients with suspected septicemia after trauma,
emergency, and burn surgery. Surgery 2012, 151, 456–463. [CrossRef] [PubMed]

4. Yu, H.P.; Chaudry, I.H.; Choudhry, M.A.; Hsing, C.H.; Liu, F.C.; Xia, Z. Inflammatory response to traumatic
injury: Clinical and animal researches in inflammation. Mediat. Inflamm. 2015. [CrossRef]

5. Fear, V.S.; Boyd, J.H.; Rea, S.; Wood, F.M.; Duke, J.M.; Fear, M.W. Burn injury leads to increased longterm
susceptibility to respiratory infection in both mouse models and population studies. PLoS ONE 2017, 12,
e0169302. [CrossRef] [PubMed]

6. Williams, F.N.; Herndon, D.N.; Hawkins, H.K.; Lee, J.O.; Cox, R.A.; Kulp, G.A.; Finnerty, C.C.; Chinkes, D.L.;
Jeschke, M.G. The leading causes of death after burn injury in a single pediatric burn center. Crit Care 2009,
13, 1–7. [CrossRef] [PubMed]

7. Krishnan, P.; Frew, Q.; Green, A.; Martin, R.; Dziewulski, P. Cause of death and correlation with autopsy
findings in burns patients. Burns 2013, 39, 583–588. [CrossRef] [PubMed]

8. Traber, D.L.; Hawkins, H.K.; Enkhbaatar, P.; Cox, R.A.; Schmalstieg, F.C.; Zwischenberger, J.B.; Traber, L.D.
The role of the bronchial circulation in the acute lung injury resulting from burn and smoke inhalation.
Pulm. Pharmacol. Ther. 2007, 20, 163–166. [CrossRef]

9. Norbury, W.; Herndon, D.N.; Tanksley, J.; Jeschke, M.G.; Finnerty, C.C. Infection in burns. Surg. Infect. 2016,
17, 250–255. [CrossRef]

10. Lic, V.; Santos, P.; Finquelievich, J. Fusarium spp infections in a pediatric burn unit. Braz. J. Infect. Dis. 2016,
4–7. [CrossRef]

11. Panghal, M.; Singh, K.; Kadyan, S.; Chaudary, U.; Yadav, J.P. The analysis of distribution of multidrug
resistant Pseudomonas and Bacillus species from burn patients and burn ward environment. Burns 2015,
41, 812–819. [CrossRef]

12. Li, L.; Dai, J.X.; Xu, L.; Chen, Z.H.; Li, X.Y.; Liu, M.; Wen, Y.Q.; Chen, X.D. Antimicrobial resistance
and pathogen distribution in hospitalized burn patients A multicenter study in Southeast China. Medcine
2018, 97, 1–9. [CrossRef]

13. Lachiewicz, A.M.; Hauck, C.G.; Weber, D.J.; Cairns, B.A.; van Duin, D. Bacterial Infections after Burn Injuries:
Impact of Multidrug Resistance. Clin. Infect. Dis. 2017, 65, 2130–2136. [CrossRef] [PubMed]

14. Okuno, E.; Jarros, I.C.; Bonfim-Mendonca, P.S.; Vicente de Rezende, G.; Negri, M.; Svidzinski, T.E. Candida
parapsilosis isolates from burn wounds can penetrate an acellular dermal matrix. Microb. Pathog. 2018,
118, 330–335. [CrossRef] [PubMed]

http://www.mdpi.com/1999-4915/12/11/1315/s1
http://dx.doi.org/10.1016/j.medin.2016.02.001
http://www.ncbi.nlm.nih.gov/pubmed/27013315
https://www.who.int/violence_injury_prevention/other_injury/burns/en/
https://www.who.int/violence_injury_prevention/other_injury/burns/en/
http://dx.doi.org/10.1016/j.surg.2011.07.030
http://www.ncbi.nlm.nih.gov/pubmed/21975287
http://dx.doi.org/10.1155/2015/729637
http://dx.doi.org/10.1371/journal.pone.0169302
http://www.ncbi.nlm.nih.gov/pubmed/28068397
http://dx.doi.org/10.1186/cc8170
http://www.ncbi.nlm.nih.gov/pubmed/19919684
http://dx.doi.org/10.1016/j.burns.2012.09.017
http://www.ncbi.nlm.nih.gov/pubmed/23137628
http://dx.doi.org/10.1016/j.pupt.2005.12.006
http://dx.doi.org/10.1089/sur.2013.134
http://dx.doi.org/10.1016/j.bjid.2016.04.004
http://dx.doi.org/10.1016/j.burns.2014.10.014
http://dx.doi.org/10.1097/MD.0000000000011977
http://dx.doi.org/10.1093/cid/cix682
http://www.ncbi.nlm.nih.gov/pubmed/29194526
http://dx.doi.org/10.1016/j.micpath.2018.03.058
http://www.ncbi.nlm.nih.gov/pubmed/29614369


Viruses 2020, 12, 1315 12 of 18

15. Sood, G.; Vaidya, D.; Dam, L.; Grubb, L.M.; Zenilman, J.; Krout, K.; Khouri-Stevens, Z.; Bennett, R.;
Blanding, R.; Riedel, S.; et al. A polymicrobial fungal outbreak in a regional burn center after Hurricane
Sandy. Am. J. Infect. Control 2018, 46, 1047–1050. [CrossRef] [PubMed]

16. Roshani-Asl, P.; Rashidi, N.; Shokoohizadeh, L.; Zarei, J. Relationship Among Antibiotic Resistance, Biofilm
Formation and lasB Gene in Pseudomonas Aeruginosa Isolated from Burn Patients. Clin. Lab. 2018, 64,
1477–1484. [CrossRef]

17. Chadha, P.; Katare, O.P.; Chhibber, S. Liposome loaded phage cocktail: Enhanced therapeutic potential in
resolving Klebsiella pneumoniae mediated burn wound infections. Burns 2017, 43, 1532–1543. [CrossRef]

18. Linnemann, C.C., Jr.; MacMillan, B.G. Viral Infections in Pediatric Burn Patients. Am. J. Dis. Child. 1981,
135, 750–753. [CrossRef]

19. D’Avignon, L.C.; Hogan, B.K.; Murray, C.K.; Loo, F.L.; Hospenthal, D.R.; Cancio, L.C.; Kim, S.H.; Renz, E.M.;
Barillo, D.; Holcomb, J.B.; et al. Contribution of bacterial and viral infections to attributable mortality in
patients with severe burns: An autopsy series. Burns 2010, 36, 773–779. [CrossRef]

20. Duke, J.M.; Boyd, J.H.; Randall, S.M.; Wood, F.M. Long term mortality in a population-based cohort of
adolescents, and young and middle-aged adults with burn injury in Western Australia: A 33-year study.
Accid. Anal. Prev. 2015, 85, 118–124. [CrossRef]

21. Kumru, O.S.; Joshi, S.B.; Thapa, P.; Pheasey, N.; Bullock, P.S.; Bashiri, H.; Siska, C.S.; Kerwin, B.A.; He, F.;
Volkin, D.B.; et al. Characterization of an oncolytic herpes simplex virus drug candidate. J. Pharm. Sci. 2015,
104, 485–494. [CrossRef]

22. Smith, J.S.; Robinson, N.J. Age-Specific Prevalence of Infection with Herpes Simplex Virus Types 2 and 1:
A Global Review. J. Infect. Dis. 2002, 186 (Suppl. 1), S3–S28. [CrossRef]

23. McQuillan, G.; Kruszon-Moran, D.; Flagg, E.W.; Paulose-Ram, R. Prevalence of Herpes Simplex Virus Type 1
and Type 2 in Persons Aged 14–49: United States, 2015–2016; NCHS Data Brief; NCHS: Hyattsville, MD, USA,
2018; pp. 1–8.

24. Widener, R.W.; Whitley, R.J. Chapter 11—Herpes simplex virus [Internet]. In Handbook of Clinical Neurology,
1st ed.; Elsevier: Amsterdam, The Netherlands, 2014; Volume 123, pp. 251–263. [CrossRef]

25. Beeson, W.H.; Rachel, J.D. Valacyclovir prophylaxis for herpes simplex virus infection or infection recurrence
following laser skin resurfacing. Dermatol. Surg 2002, 28, 331–336. [CrossRef] [PubMed]

26. Sobouti, B.; Momeni, M.; Masalegooyan, N.; Ansari, I.; Rahbar, H. Herpes simplex virus infection in minor
burn injury: A case report. Int. J. Burns Trauma 2018, 8, 149–152. [PubMed]

27. Petro, C.; Gonzalez, P.A.; Cheshenko, N.; Jandl, T.; Khajoueinejad, N.; Benard, A.; Sengupta, M.; Herold, B.C.;
Jacobs, W.R., Jr. Herpes simplex type 2 virus deleted in glycoprotein D protects against vaginal, skin and neural
disease. eLife 2015, 4, e06054. [CrossRef] [PubMed]

28. Macesic, N.; Abbott, I.J.; Kaye, M.; Druce, J.; Glanville, A.R.; Gow, P.J.; Hughes, P.D.; Korman, T.M.;
Mulley, W.R.; O’Connell, P.J.; et al. Herpes simplex virus-2 transmission following solid organ transplantation:
Donor-derived infection and transplantation from prior organ recipients. Trans. Infect. Dis. 2017, 19. [CrossRef]
[PubMed]

29. Sen, S.; Szoka, N.; Phan, H.; Palmieri, T.; Greenhalgh, D. Herpes Simplex Activation Prolongs Recovery from
Severe Burn Injury and Increases Bacterial Infection Risk. J. Burn Care Res. 2012, 33, 393–397. [CrossRef]

30. Bourdarias, B.; Perro, G.; Cutillas, M.; Castede, J.C.; Lafon, M.E.; Sanchez, R. Herpes simplex virus infection
in burned patients: Epidemiology of 11 cases. Burns 1996, 22, 287–290. [CrossRef]

31. Haik, J.; Weissman, O.; Stavrou, D.; Ben-Noon, H.I.; Liran, A.; Tessone, A.; Zmora, N.; Zilinsky, I.; Winkler, E.;
Gur, E.; et al. Is prophylactic acyclovir treatment warranted for prevention of herpes simplex virus infections
in facial burns? A review of the literature. J. Burn Care Res. 2011, 32, 358–362. [CrossRef]

32. Hayden, F.G.; Himel, H.N.; Heggers, J.P. Herpesvirus Infections in Burn Patients. Chest 1994, 106 (Suppl. 1),
15S–21S. [CrossRef]

33. Xu, H.; Su, C.; Pearson, A.; Mody, C.H.; Zheng, C. Herpes Simplex Virus 1 UL24 Abrogates the DNA Sensing
Signal Pathway by Inhibiting NF-kB Activation. J. Virol. 2017, 91. [CrossRef]

34. Daubeuf, S.; Singh, D.; Tan, Y.; Liu, H.; Federoff, H.J.; Bowers, W.J.; Tolba, K. HSVICP0 recruits USP7 to
modulate TLR-mediated innate response. Blood 2009, 113, 3264–3275. [CrossRef] [PubMed]

35. Wood, J.J.; O’mahony, J.B.; Eaton, R.; Demling, R.H.; Mannick, J.A. Abnormalities of Antibody Production
After Thermal Injury: An Association with Reduced Interleukin 2 Production. Arch. Surg. 1986, 121, 108–115.
[CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ajic.2018.01.011
http://www.ncbi.nlm.nih.gov/pubmed/29609856
http://dx.doi.org/10.7754/Clin.Lab.2018.180331
http://dx.doi.org/10.1016/j.burns.2017.03.029
http://dx.doi.org/10.1001/archpedi.1981.02130320064021
http://dx.doi.org/10.1016/j.burns.2009.11.007
http://dx.doi.org/10.1016/j.aap.2015.09.011
http://dx.doi.org/10.1002/jps.24211
http://dx.doi.org/10.1086/343739
http://dx.doi.org/10.1016/B978-0-444-53488-0.00011-0
http://dx.doi.org/10.1046/j.1524-4725.2002.01155.x
http://www.ncbi.nlm.nih.gov/pubmed/11966791
http://www.ncbi.nlm.nih.gov/pubmed/30697453
http://dx.doi.org/10.7554/eLife.06054
http://www.ncbi.nlm.nih.gov/pubmed/25756612
http://dx.doi.org/10.1111/tid.12739
http://www.ncbi.nlm.nih.gov/pubmed/28618165
http://dx.doi.org/10.1097/BCR.0b013e3182331e28
http://dx.doi.org/10.1016/0305-4179(95)00146-8
http://dx.doi.org/10.1097/BCR.0b013e318217f6de
http://dx.doi.org/10.1378/chest.106.1_Supplement.15S
http://dx.doi.org/10.1128/JVI.00025-17
http://dx.doi.org/10.1182/blood-2008-07-168203
http://www.ncbi.nlm.nih.gov/pubmed/18952891
http://dx.doi.org/10.1001/archsurg.1986.01400010122017
http://www.ncbi.nlm.nih.gov/pubmed/3079998


Viruses 2020, 12, 1315 13 of 18

36. Wurzer, P.; Cole, M.R.; Clayton, R.P.; Hundeshagen, G.; Nunez Lopez, O.; Cambiaso-Daniel, J.; Winter, R.;
Branski, L.K.; Hawkins, H.K.; Finnerty, C.C.; et al. Herpesviradae infections in severely burned children.
Burns 2017, 43, 987–992. [CrossRef] [PubMed]

37. Chen, C.C.; Chen, C.L.; Chiang, C.H.; Pan, S.C. Herpes simplex infection in a minor burn wound: A case
report. J. Burn Care Rehabil. 2005, 26, 453–455. [CrossRef] [PubMed]

38. Thomas, E. Understanding and Diagnosing Herpes Simplex Virus. Infect. Dis. Ther. Ser. 2005, 36, 119.
39. Norvell, J.P.; Blei, A.T.; Jovanovic, B.D.; Levitsky, J. Herpes simplex virus hepatitis: An analysis of

the published literature and institutional cases. Liver Transp. 2007, 13, 1428–1434. [CrossRef]
40. Rabinstein, A.A. Herpes Virus Encephalitis in Adults. Neurol. Clin. 2017, 35, 695–705. [CrossRef]
41. Ellul, M.; Solomon, T. Acute encephalitis—Diagnosis and management. Clin. Med. 2018, 18, 155–159. [CrossRef]
42. McGill, S.N.; Cartotto, R.C. Herpes simplex virus infection in a paediatric burn patient: Case report and review.

Burns 2000, 26, 194–199. [CrossRef]
43. Sheridan, R.L.; Schulz, J.T.; Weber, J.M.; Ryan, C.M.; Pasternack, M.S.; Tompkins, R.G. Cutaneous herpetic

infections complicating burns. Burns 2000, 26, 621–624. [CrossRef]
44. Kagan, R.J.; Naraqi, S.; Matsuda, T.; Jonasson, O.M. Herpes Simplex Virus and Cytomegalovirus Infections

in Burned Patients. J. Trauma Inj. Infect. Crit. Care 1985, 25, 40–45. [CrossRef] [PubMed]
45. Fidler, P.E.; Mackool, B.T.; Schoenfeld, D.A.; Malloy, M.; Schulz, J.T.; Sheridan, R.L.; Ryan, C.M. Incidence,

outcome, and long-term consequences of herpes simplex virus type 1 reactivation presenting as a facial rash
in intubated adult burn patients treated with acyclovir. J Trauma 2002, 53, 86–89. [CrossRef] [PubMed]

46. Cook, G.; Patel, S.; Williams, R.; Hodge, J.; Ingram, W.; Gayed, R. Severe Coagulopathy Secondary to
Fulminant Herpes Simplex Virus Hepatitis in a Severely Burned Patient: A Case Report and Review of
the Literature. J. Burn Care Res. 2018, 39, 1071–1076. [CrossRef]

47. Saleh, H.A.; Abu-Rashed, A.H. Liver biopsy remains the gold standard for evaluation of chronic hepatitis
and fibrosis. J. Gastrointest. Liver Dis. 2007, 16, 425–426.

48. Peppercorn, A.; Veit, L.; Sigel, C.; Weber, D.J.; Jones, S.; Cairns, B.A. Overwhelming disseminated herpes
simplex virus type 2 infection in a patient with severe burn injury: Case report and literature review. J. Burn
Care Res. 2010, 31, 492–498. [CrossRef] [PubMed]

49. Bordes, J.; Kenane, N.; Meaudre, E.; Asencio, Y.; Montcriol, A.; Prunet, B.; Palmier, B. A case of atypical
and fatal herpes simplex encephalitis in a severe burn patient. Burns 2009, 35, 590–593. [CrossRef] [PubMed]

50. Werdin, F.; Rennekampff, H.O.; Schaller, H.E.; Jahn, G.; Hamprecht, K. Thymidine kinase sequence analysis
of herpes simplex virus type 1 strains present in different compartments in an atypical impetiginous rash on
the lesional skin of a burn patient. J. Clin. Microbiol. 2008, 46, 3162–3164. [CrossRef]

51. Byers, R.J.; Hasleton, P.S.; Quigley, A.; Dennett, C.; Klapper, P.E.; Cleator, G.M.; Faragher, E.B. Pulmonary
herpes simplex in burns patients. Eur. Respir. J. 1996, 9, 2313–2317. [CrossRef]

52. Walton, A.H.; Muenzer, J.T.; Rasche, D.; Boomer, J.S.; Sato, B.; Brownstein, B.H.; Pachot, A.; Brooks, T.L.;
Deych, E.; Shannon, W.D.; et al. Reactivation of Multiple Viruses in Patients with Sepsis. PLoS ONE 2014, 9,
e98819. [CrossRef]

53. Wurzer, P.; Guillory, A.; Parvizi, D.; Clayton, R.P.; Branski, L.K.; Kamolz, L.P.; Finnerty, C.C.; Herndon, D.N.;
Lee, J.O. Human herpes viruses in burn patients: A systematic review. Burns 2017, 43, 25–33. [CrossRef]

54. Strick, L.B.; Wald, A. Diagnostics for Herpes Simplex Virus. Mol. Diagn. Ther. 2006, 10, 17–28. [CrossRef]
[PubMed]

55. Cohen, C.; Corpet, A.; Maroui, M.A.; Juillard, F.; Lomonte, P. Latent/Quiescent Herpes Simples Virus 1
Genome Detection by Fluorescence in Situ Hybridization (FISH). Methods Mol. Biol. Herpes Simplex Virus
2020, 2060, 185–197. [CrossRef]

56. Liu, L.L.; Guo, L.Y.; Dong, J.; Huang, W.H.; Zhao, L.; Liu, B.; Zhang, X.X.; Jiang, Y.Q.; Liu, G. Next-generation
sequencing technology as a powerful detection and semi-quantitative method for herpes simplex virus type
1 in pediatric encephalitis. J. NeuroVirol. 2020, 26, 273–276. [CrossRef]

57. Iwasaka, T.; Kidera, Y.; Tsugitomi, H.; Sugimori, H. The cellular changes in primary and recurrent infection
with herpes simplex virus type 2 in an in vitro model. Acta Cytol. 1987, 31, 935–940.

58. Leboit, P.E.; Limova, M.; Yen, T.S.B.; Palefsky, J.M.; White, C.R.; Berger, T.G. Chronic Verrucous Varicella-Zoster
Virus Infection in Patients with the Acquired Immunodeficiency Syndrome (AIDS). Am. J. Dermatopathol.
1992, 14, 1–7. [CrossRef]

http://dx.doi.org/10.1016/j.burns.2017.01.032
http://www.ncbi.nlm.nih.gov/pubmed/28420570
http://dx.doi.org/10.1097/01.bcr.0000176889.39355.41
http://www.ncbi.nlm.nih.gov/pubmed/16151295
http://dx.doi.org/10.1002/lt.21250
http://dx.doi.org/10.1016/j.ncl.2017.06.006
http://dx.doi.org/10.7861/clinmedicine.18-2-155
http://dx.doi.org/10.1016/S0305-4179(99)00057-1
http://dx.doi.org/10.1016/S0305-4179(00)00025-5
http://dx.doi.org/10.1097/00005373-198501000-00007
http://www.ncbi.nlm.nih.gov/pubmed/2981325
http://dx.doi.org/10.1097/00005373-200207000-00017
http://www.ncbi.nlm.nih.gov/pubmed/12131395
http://dx.doi.org/10.1093/jbcr/irx046
http://dx.doi.org/10.1097/BCR.0b013e3181db51cb
http://www.ncbi.nlm.nih.gov/pubmed/20453737
http://dx.doi.org/10.1016/j.burns.2008.05.006
http://www.ncbi.nlm.nih.gov/pubmed/18789591
http://dx.doi.org/10.1128/JCM.00552-08
http://dx.doi.org/10.1183/09031936.96.09112313
http://dx.doi.org/10.1371/journal.pone.0098819
http://dx.doi.org/10.1016/j.burns.2016.02.003
http://dx.doi.org/10.1007/BF03256439
http://www.ncbi.nlm.nih.gov/pubmed/16646574
http://dx.doi.org/10.1007/978-1-4939-9814-2_10
http://dx.doi.org/10.1007/s13365-019-00803-5
http://dx.doi.org/10.1097/00000372-199202000-00001


Viruses 2020, 12, 1315 14 of 18

59. Yabushita, T.; Yoshioka, S.; Koba, Y.; Ono, Y.; Hiramoto, N.; Tabata, S.; Itou, M.; Shimizu, M.; Tomii, K.; Ishikawa, T.
Successful treatment of herpes simplex virus (HSV)-1-associated hemophagocytic lymphohistiocytosis (HLH)
with acyclovir: A case report and literature review. Intern. Med. 2017, 56, 2919–2923. [CrossRef]

60. Zakirova, N.F.; Shipitsyn, A.V.; Jasko, M.V.; Prokofjeva, M.M.; Andronova, V.L.; Galegov, G.A.; Prassolov, V.S.;
Kochetkov, S.N. Phosphoramidate derivatives of acyclovir: Synthesis and antiviral activity in HIV-1
and HSV-1 models in vitro. Bioorg. Med. Chem. 2012, 20, 5802–5809. [CrossRef]

61. Roberts, J.J.; Solanki, N.S.; Kurmis, R.; Lammerink, S.; Wong, K.L.; Greenwood, J.E. Prophylaxis against
herpes simplex virus reactivation in patients with facial burns: A potential role for L-lysine. J. Burn Care Res.
2013, 34, e368–e369. [CrossRef]

62. Ho, M. The history of cytomegalovirus and its diseases. Med. Microbiol. Immunol. 2008, 197, 65–73. [CrossRef]
63. Stowell, J.D.; Forlin-Passoni, D.; Radford, K.; Bate, S.L.; Dollard, S.C.; Bialek, S.R.; Cannon, M.J.; Schmid, D.S.

Cytomegalovirus Survival and Transferability and the Effectiveness of Common Hand-Washing Agents
against Cytomegalovirus on Live Human Hands. Appl. Environ. Microbiol. 2014, 80, 455–461. [CrossRef]
[PubMed]

64. Hamprecht, K.; Maschmann, J.; Vochem, M.; Dietz, K.; Speer, C.P.; Jahn, G. Epidemiology of transmission of
cytomegalovirus from mother to preterm infant by breastfeeding. Lancet 2001, 357, 513–518. [CrossRef]

65. Davis, N.L.; King, C.C.; Kourtis, A.P. Cytomegalovirus infection in pregnancy. Birth Defects Res. 2017, 109,
336–346. [CrossRef]

66. WHO Collaborative Study Team on the Role of Breastfeeding on the Prevention of Infant Mortality. Effecy of
breastfeeding on infant and child mortality due to infectious diseases in less developed countries: A pooled
analysis. Lancet 2000, 355, 451–455. [CrossRef]

67. Lancini, D.; Faddy, H.M.; Flower, R.; Hogan, C. Cytomegalovirus disease in immunocompetent adults.
Med. J. Aust. 2014, 201, 578–580. [CrossRef]

68. Almaghrabi, R.S.; Omrani, A.S.; Memish, Z.A. Cytomegalovirus infection in lung transplant recipients.
Expert Rev. Respir. Med. 2017, 11, 377–383. [CrossRef] [PubMed]

69. Prosch, S.; Docke, W.; Volk, H. Human Cytomegalovirus Reactivation in Bone-Marrow-Derived
Granulocyte/Monocyte Progenitor Cells and Mature Monocytes. Intervirology 2000, 42, 308–313. [CrossRef]

70. Leng, S.X.; Kamil, J.; Purdy, J.G.; Lemmermann, N.A.; Reddehase, M.J.; Goodrum, F.D. Recent advances in
CMV tropism, latency, and diagnosis during aging. GeroScience 2017, 39, 251–259. [CrossRef]

71. Bordes, J.; Goutorbe, P.; Montcriol, A.; Boret, H.; Dantzer, E.; Meaudre, E. Cytomegalovirus reactivation in
critically ill burn patients: It’s time to worry about it! Crit Care 2014, 18, 410. [CrossRef]

72. Rennekampff, H.O.; Hamprecht, K. Cytomegalovirus infection in burns: A review. J. Med. Microbiol. 2006,
55, 483–487. [CrossRef]

73. Schwacha, M.G. Macrophages and post-burn immune dysfunction. Burns 2003, 29, 1–14. [CrossRef]
74. Gianella, S.; Morris, S.R.; Tatro, E.; Vargas, M.V.; Haubrich, R.H.; Daar, E.S.; Dube, M.P.; Richman, D.D.;

Little, S.J.; Smith, D.M. Virologic correlates of Anti-CMV IgG levels in HIV-1-infected men. J. Infect. Dis.
2014, 209, 452–456. [CrossRef] [PubMed]

75. Singh, N.; Khandey, P. Critically Ill Patients. Clin Obs. Case-Based Approach 2018, 29, 194.
76. Bale, J.F.; Kealey, G.P.; Massanari, R.M.; Ronald, G.; Massanari, R.M.; Strauss, R.G. The Epidemiology of

Cytomegalovirus Infection Among Patients with Burns. Infect. Control. Hosp. Epidemiol. 2016, 11, 17–22.
[CrossRef]

77. Tenenhaus, M.; Rennekampff, H.O.; Pfau, M.; Hamprecht, K. Cytomegalovirus and burns: Current
perceptions, awareness, diagnosis, and management strategies in the United States and Germany. J. Burn
Care Res. 2006, 27, 281–288. [CrossRef] [PubMed]

78. Mansfield, S.; Grießl, M.; Gutknecht, M.; Cook, C.H. Sepsis and cytomegalovirus: Foes or conspirators?
Med. Microbiol. Immunol. 2015, 204, 431–437. [CrossRef]

79. Bordes, J.; Maslin, J.; Prunet, B.; d’Aranda, E.; Lacroix, G.; Goutorbe, P.; Dantzer, E.; Meaudre, E.
Cytomegalovirus infection in severe burn patients monitoring by real-time polymerase chain reaction:
A prospective study. Burns 2011, 37, 434–439. [CrossRef]

80. Cook, C.H.; Zhang, Y.; McGuinness, B.J.; Lahm, M.C.; Sedmak, D.D.; Ferguson, R.M. Intra_abdominal
Bacterial Infection Reactivates Latent Pulmonary Cytomegalovirus in Immunocompetent Mice. J. Infect. Dis.
2002, 185, 1395–1400. [CrossRef]

http://dx.doi.org/10.2169/internalmedicine.8490-16
http://dx.doi.org/10.1016/j.bmc.2012.08.008
http://dx.doi.org/10.1097/BCR.0b013e3182685b59
http://dx.doi.org/10.1007/s00430-007-0066-x
http://dx.doi.org/10.1128/AEM.03262-13
http://www.ncbi.nlm.nih.gov/pubmed/24185855
http://dx.doi.org/10.1016/S0140-6736(00)04043-5
http://dx.doi.org/10.1002/bdra.23601
http://dx.doi.org/10.1016/S0140-6736(99)06260-1
http://dx.doi.org/10.5694/mja14.00183
http://dx.doi.org/10.1080/17476348.2017.1317596
http://www.ncbi.nlm.nih.gov/pubmed/28388307
http://dx.doi.org/10.1159/000053965
http://dx.doi.org/10.1007/s11357-017-9985-7
http://dx.doi.org/10.1186/cc13742
http://dx.doi.org/10.1099/jmm.0.46079-0
http://dx.doi.org/10.1016/S0305-4179(02)00187-0
http://dx.doi.org/10.1093/infdis/jit434
http://www.ncbi.nlm.nih.gov/pubmed/23964106
http://dx.doi.org/10.2307/30144251
http://dx.doi.org/10.1097/01.BCR.0000216727.89220.24
http://www.ncbi.nlm.nih.gov/pubmed/16679894
http://dx.doi.org/10.1007/s00430-015-0407-0
http://dx.doi.org/10.1016/j.burns.2010.11.006
http://dx.doi.org/10.1086/340508


Viruses 2020, 12, 1315 15 of 18

81. Hamprecht, K.; Pfau, M.; Schaller, H.E.; Jahn, G.; Middeldorp, J.M.; Rennekampff, H.O. Human
Cytomegalovirus infection of a severe-burn patient: Evidence for productive self-limited viral replication in
blood and lung. J. Clin. Microbiol. 2005, 43, 2534–2536. [CrossRef]

82. Forster, M.; Bickerstaff, A.; Wang, J.J.; Zimmerman, P.; Cook, C. Allogeneic Stimulation Causes Transcriptional
Reactivation of Latent Murine Cytomegalovirus. Transp. Proc. 2009, 41, 1927–1931. [CrossRef]

83. Kealey, G.P.; Aguiar, J.; Lewis, R.W.; Rosenquist, M.D.; Strauss, R.G.; Bale, J.F., Jr. Cadaver skin allografts
and transmission of human cytomegalovirus to burn patients. J. Am. Coll. Surg. 1996, 182, 201–205.

84. Gibbs, J.T.; Zieger, M.; Sood, R. Cytomegalovirus colitis in a burn patient. J. Burn Care Res. 2016, 37, e298–e300.
[CrossRef] [PubMed]

85. Gong, F.; Ding, L.; Jiang, D.; Zhang, C.; Shen, W.; Pan, Y. Association of human leukocyte antigen e
polymorphism with human cytomegalovirus reactivation in Chinese burn patients. Acta Biochim. Biophys. Sin.
2013, 45, 982–984. [CrossRef] [PubMed]

86. Sheridan, R.; Weber, J.; Pasternak, M.; Mulligan, J.; Tompkins, R. A 15-year experience with varicella infections
in a pediatric burn unit. Burns 1999, 25, 353–356. [CrossRef]

87. Ross, S.A.; Novak, Z.; Pati, S.; Boppana, S.B. Overview of the Diagnosis of Cytomegalovirus Infection.
Infect. Disord. Drug Targets 2011, 11, 466–474. [CrossRef] [PubMed]

88. Mattes, F.M. Histopathological detection of owls eye inclusions is still specific for cytomegalovirus in the era
of human herpesviruses 6 and 7. J. Clin. Pathol. 2000, 53, 612–614. [CrossRef] [PubMed]

89. Ikuta, K.; Koshizuka, T.; Kanno, R.; Inoue, N.; Kubo, T.; Koyano, S.; Suzutani, T. Evaluation of the indirect
and IgM_capture anti_human cytomegalovirus IgM ELISA methods as confirmed by cytomegalovirus IgG
avidity. Microbiol. Immunol. 2019, 63, 172–178. [CrossRef]

90. Kotton, C.N. CMV: Prevention, Diagnosis and Therapy. Am. J. Transp. 2013, 13, 24–40. [CrossRef]
91. Laing, K.J.; Ouwendijk, W.J.D.; Koelle, D.M.; Verjans, G.M.G.M. Immunobiology of Varicella-Zoster Virus

Infection. J. Infect. Dis. 2018, 218 (Suppl. 2), S68–S74. [CrossRef]
92. Depledge, D.; Sadaoka, T.; Ouwendijk, W. Molecular Aspects of Varicella-Zoster Virus Latency. Viruses 2018,

10, 349. [CrossRef]
93. Kennedy, P.G.E. Issues in the Treatment of Neurological Conditions Caused by Reactivation of Varicella

Zoster Virus (VZV). Neurotherapeutics 2016, 13, 509–513. [CrossRef]
94. Traylen, C.M.; Patel, H.R.; Fondaw, W.; Mahatme, S.; Williams, J.F.; Walker, L.R.; Dyson, O.F.; Arce, S.; Akula, S.M.

Virus reactivation: A panoramic view in human infections. Future Virol. 2011, 6, 451–463. [CrossRef]
95. Foley, F. Pathology of Cutaneous Burns. Surg. Clin. N. Am. 1970, 50, 1201–1210. [CrossRef]
96. Kubota, Y.; Kosaka, K.; Hokazono, T.; Yamaji, Y.; Tezuka, T.; Akita, S.; Muriyama, M.; Mitsukawa, N.

Disseminated zoster in an adult patient with extensive burns: A case report. Virol. J. 2019, 16. [CrossRef]
97. Rubben, A.; Baron, J.M.; Grussendorf-Conen, E. Routine detection of herpes simplex virus and varicella

zoster virus by polymerase chain reaction reveals that initial herpes zoster is frequently misdiagnosed as
herpes simplex. Br. J. Dermatol. 1997, 137, 259–261. [CrossRef]

98. Espy, M.J.; Teo, R.; Ross, T.K.; Svien, K.A.; Wold, A.D.; Uhl, J.R.; Smith, T.F. Diagnosis of Varicella-Zoster Virus
Infections in the Clinical Laboratory by LightCycler PCR. J. Clin. Microbiol. 2000, 9, 3187–3189. [CrossRef]

99. Azarkh, Y.; Gilden, D.; Cohrs, R.J. Molecular Characterization of Varicella Zoster Virus in Latently Infected
Human Ganglia: Physical State and Abundance of VZV DNA, Quantitation of Viral Transcripts and Detection
of VZV-Specific Proteins. In Current Topics in Microbiology and Immunology Varicella-Zoster Virus; Springer:
Berlin/Heidelberg, Germany, 2010; pp. 229–241. [CrossRef]

100. Sauerbrei, A.; Eichorn, U.; Schacke, M.; Wutzler, P. Laboratory diagnosis of herpes zoster. J. Clin. Virol. 1999,
14, 31–36. [CrossRef]

101. Nikkels, A.F.; Delvenne, P.; Sadzot-Delvaux, C.; Debrus, S.; Piette, J.; Rentier, B.; Lipcsei, G.; Quatresooz, P.;
Pierard, G.E. Distribution of varicella zoster virus and herpes simplex virus in disseminated fatal infections.
J. Clin. Pathol. 1996, 49, 243–248. [CrossRef]

102. Whitley, R.J. Therapeutic Approaches to Varicella-Zoster Virus Infections. J. Infect. Dis. 1992, 166, 51–57.
[CrossRef]

103. Reiff-Eldridge, R.; Heffner, C.R.; Ephross, S.A.; Tennis, P.S.; White, A.D.; Andrews, E.B. Monitoring pregnancy
outcomes after prenatal drug exposure through prospective pregnancy registries: A pharmaceutical company
commitment. Am. J. Obstet. Gynecol. 2000, 182, 159–163. [CrossRef]

http://dx.doi.org/10.1128/JCM.43.5.2534-2536.2005
http://dx.doi.org/10.1016/j.transproceed.2009.02.086
http://dx.doi.org/10.1097/BCR.0000000000000255
http://www.ncbi.nlm.nih.gov/pubmed/26056763
http://dx.doi.org/10.1093/abbs/gmt103
http://www.ncbi.nlm.nih.gov/pubmed/24067376
http://dx.doi.org/10.1016/S0305-4179(99)00003-0
http://dx.doi.org/10.2174/187152611797636703
http://www.ncbi.nlm.nih.gov/pubmed/21827433
http://dx.doi.org/10.1136/jcp.53.8.612
http://www.ncbi.nlm.nih.gov/pubmed/11002765
http://dx.doi.org/10.1111/1348-0421.12683
http://dx.doi.org/10.1111/ajt.12006
http://dx.doi.org/10.1093/infdis/jiy403
http://dx.doi.org/10.3390/v10070349
http://dx.doi.org/10.1007/s13311-016-0430-x
http://dx.doi.org/10.2217/fvl.11.21
http://dx.doi.org/10.1016/S0039-6109(16)39280-5
http://dx.doi.org/10.1186/s12985-019-1179-8
http://dx.doi.org/10.1046/j.1365-2133.1997.18161913.x
http://dx.doi.org/10.1128/JCM.38.9.3187-3189.2000
http://dx.doi.org/10.1007/82_2009_2
http://dx.doi.org/10.1016/S1386-6532(99)00042-6
http://dx.doi.org/10.1136/jcp.49.3.243
http://dx.doi.org/10.1093/infdis/166.Supplement_1.S51
http://dx.doi.org/10.1016/S0002-9378(00)70506-0


Viruses 2020, 12, 1315 16 of 18

104. Shafran, S.D.; Tyring, S.K.; Ashton, R.; Decroix, J.; Forszpaniak, C.; Wade, A.; Paulet, C.; Candaele, D. Once,
twice, or three times daily famciclovir compared with aciclovir for the oral treatment of herpes zoster in
immunocompetent adults: A randomized, multicenter, double-blind clinical trial. J. Clin. Virol. 2004, 29,
248–253. [CrossRef]

105. Keam, S.J.; Chapman, T.M.; Figgitt, D.P. Brivudin (bromovinyl deoxyuridine). Drugs 2004, 64, 2091–2097.
[CrossRef] [PubMed]

106. Centers for Disease Control and Prevention (CDC). Antibodies cross-reactive to influenza a (H3N2)
variant virus and impact of 2010-11 seasonal influenza vaccine on cross-reactive antibodies—United
States. MMWR Morb. Mortal. Wkly. Rep. 2012, 61, 237–241.

107. Midilli, K.; Erkilic, A.; Kuskucu, M.; Analay, H.; Erkilic, S.; Benzonana, N.; Yildirim, M.S.; Mulayim, K.;
Acar, H.; Ergonul, O. Nosocomial outbreak of disseminated orf infection in a burn unit, Gaziantep, Turkey,
October to December 2012. Eurosurveillance 2013, 18, 1–5. [CrossRef] [PubMed]

108. Hsu, C.H.; Rokni, R.; Aghazadeh, N. Unique Presentation of Orf Virus Infection in a Thermal-Burn Patient
After Receiving an Autologous Skin Graft. J. Infect. Dis. 2016, 214, 1171–1174. [CrossRef]

109. Wise, L.M.; Inder, M.K.; Real, N.C.; Stuart, G.S.; Fleming, S.B.; Mercer, A.A. The vascular endothelial growth
factor (VEGF)-E encoded by orf virus regulates keratinocyte proliferation and migration and promotes
epidermal regeneration. Cell Microbiol. 2012, 14, 1376–1390. [CrossRef]

110. Savory, L.J.; Stacker, S.A.; Fleming, S.B.; Niven, B.E.; Mercer, A.A. Viral Vascular Endothelial Growth Factor
Plays a Critical Role in Orf Virus Infection. J. Virol. 2000, 74, 10699–10706. [CrossRef]

111. Hosamani, M.; Scagliarini, A.; Bhanuprakash, V.; McInnes, C.J.; Singh, R.K. Orf: An update on current
research and future perspectives. Expert Rev. Anti Infect. Ther. 2009, 7, 879–893. [CrossRef]

112. Saadeh, D.; Kurban, M.; Kibbi, A.G.; Abbas, O. Involvement of plasmacytoid dendritic cells in
the immunological response against orf infection. JAMA Dermatol. 2014, 150, 1112–1113. [CrossRef]

113. Bora, D.P.; Venkatesan, G.; Bhanuprakash, V.; Balamurugan, V.; Prabhu, M.; Siva Sankar, M.S.; Yogisharadhya, R.
TaqMan real-time PCR assay based on DNA polymerase gene for rapid detection of orf infection. J. Virol. Methods
2011, 178, 249–252. [CrossRef]

114. Lederman, E.R.; Green, G.M.; de Groot, H.E.; Dahl, P.; Goldman, E.; Greer, P.W.; Li, Y.; Zhao, H.; Paddock, C.D.;
Damon, I.K. Progressive ORF virus infection in a patient with lymphoma: Successful treatment using
imiquimod. Clin. Infect. Dis. 2007, 44, e100–e103. [CrossRef]

115. Bergqvist, C.; Kurban, M.; Abbas, O. Orf virus infection. Rev. Med. Virol. 2017, 27. [CrossRef] [PubMed]
116. Al-Qattan, M.M. Orf infection of the hand. J. Hand Surg. 2011, 36, 1855–1858. [CrossRef]
117. Bzhalava, D.; Guan, P.; Franceschi, S.; Dillner, J.; Clifford, G. A systematic review of the prevalence of mucosal

and cutaneous human papillomavirus types. Virology 2013, 445, 224–231. [CrossRef] [PubMed]
118. Long, W.; Yang, Z.; Li, X.; Chen, M.; Liu, J.; Zhang, Y.; Sun, X. HPV-16, HPV-58, and HPV-33 are the most

carcinogenic HPV genotypes in Southwestern China and their viral loads are associated with severity of
premalignant lesions in the cervix. Virol. J. 2018, 15, 1–8. [CrossRef]

119. Butts, B.N.; Fischer, P.R.; Mac, K.K.J. Human Papillomavirus Vaccine and Postural Orthostatic Tachycardia
Syndrome: A Review of Current Literature. J. Child. Neurol. 2017, 32, 956–965. [CrossRef] [PubMed]

120. Camilleri, I.G.; Milner, R.H. Human papilloma virus proliferation in a healing burn. Burns 1996, 22, 162–163.
[CrossRef]

121. Riemenschneider, M.; Heider, D. Current Approaches in Computational Drug Resistance Prediction in HIV.
Curr. HIV Res. 2016, 14, 307–315. [CrossRef] [PubMed]

122. Rosenberg, E.S.; Caliendo, A.M.; Walker, B.D. Acute HIV Infection among Patients Tested for Mononucleosis.
N. Engl. J. Med. 1999, 340, 969. [CrossRef]

123. Hurt, C.; Tammaro, D. Diagnostic Evaluation of Mononucleosis-Like Illnesses. Am. J. Med. 2007, 120,
911.e1–911.e8. [CrossRef]

124. Capriotti, T. HIV/AIDS: An Update for Home Healthcare Clinicians. Home Healthc. Now 2018, 36, 348–355.
[CrossRef]

125. Brew, B.J.; Garber, J.Y. Neurologic sequelae of primary HIV infection. Handb. Clin. Neurol. 2018, 152, 65–74.
[CrossRef] [PubMed]

126. Smith, D.E.; Woolley, I.J.; Russell, D.B.; Bisshop, F.; Furner, V. HIV in practice: Current approaches
and challenges in the diagnosis, treatment and management of HIV infection in Australia. HIV Med. 2018,
19, 5–23. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S1386-6532(03)00164-1
http://dx.doi.org/10.2165/00003495-200464180-00011
http://www.ncbi.nlm.nih.gov/pubmed/15341504
http://dx.doi.org/10.2807/ese.18.11.20425-en
http://www.ncbi.nlm.nih.gov/pubmed/23517869
http://dx.doi.org/10.1093/infdis/jiw307
http://dx.doi.org/10.1111/j.1462-5822.2012.01802.x
http://dx.doi.org/10.1128/JVI.74.22.10699-10706.2000
http://dx.doi.org/10.1586/eri.09.64
http://dx.doi.org/10.1001/jamadermatol.2014.830
http://dx.doi.org/10.1016/j.jviromet.2011.09.005
http://dx.doi.org/10.1086/517509
http://dx.doi.org/10.1002/rmv.1932
http://www.ncbi.nlm.nih.gov/pubmed/28480985
http://dx.doi.org/10.1016/j.jhsa.2011.08.019
http://dx.doi.org/10.1016/j.virol.2013.07.015
http://www.ncbi.nlm.nih.gov/pubmed/23928291
http://dx.doi.org/10.1186/s12985-018-1003-x
http://dx.doi.org/10.1177/0883073817718731
http://www.ncbi.nlm.nih.gov/pubmed/28689455
http://dx.doi.org/10.1016/0305-4179(95)00101-8
http://dx.doi.org/10.2174/1570162X14666160321120232
http://www.ncbi.nlm.nih.gov/pubmed/26996942
http://dx.doi.org/10.1056/NEJM199903253401217
http://dx.doi.org/10.1016/j.amjmed.2006.12.011
http://dx.doi.org/10.1097/NHH.0000000000000706
http://dx.doi.org/10.1016/B978-0-444-63849-6.00006-2
http://www.ncbi.nlm.nih.gov/pubmed/29604985
http://dx.doi.org/10.1111/hiv.12637
http://www.ncbi.nlm.nih.gov/pubmed/29927516


Viruses 2020, 12, 1315 17 of 18

127. Edge, J.M.; van der Merwe, A.E.; Pieper, C.H.; Bouic, P. Clinical outcome of HIV positive patients with
moderate to severe burns. Burns 2001, 27, 111–114. [CrossRef]

128. James, J.; Hofland, H.W.C.; Borgstein, E.S.; Kumiponjera, D.; Komolafe, O.O.; Zijlstra, E.E. The prevalence of
HIV infection among burn patients in a burns unit in Malawi and its influence on outcome. Burns 2003, 29,
55–60. [CrossRef]

129. Deveci, M.; Sengezer, M.; Bozkurt, M.; Eski, M.; Inal, A. Comparison of lymphocyte populations in cutaneous
and electrical burn patients: A clinical study. Burns 2000, 26, 229–232. [CrossRef]

130. Mzezewa, S.; Jonsson, K.; Sibanda, E.; Aberg, M.; Salemark, L. HIV infection reduces skin graft survival in
burn injuries: A prospective study. Br. J. Plast. Surg. 2003, 56, 740–745. [CrossRef]

131. Moir, S.; Chun, T.W.; Fauci, A.S. Pathogenic Mechanisms of HIV Disease. Annu. Rev. Pathol. Mech. Dis. 2011,
6, 223–248. [CrossRef]

132. Allgower, M.; Schoenenberger, G.A.; Sparkes, B.G. Burning the largest immune organ. Burns 1995, 21 (Suppl. 1),
S7–S47. [CrossRef]

133. Salehi, S.H.; As’adi, K.; Tabatabaeenezhad, S.A.; Naderan, M.; Shoar, S. Prevalence of HIV infection among
burn patients: Is there a relationship with patients’ outcomes? Int. Wound J. 2017, 14, 85–88. [CrossRef]

134. Ha, J.; Park, Y.; Kim, H.S. Evaluation of clinical sensitivity and specificity of hepatitis B virus (HBV), hepatitis
C virus, and human immunodeficiency Virus-1 by cobas MPX: Detection of occult HBV infection in an
HBV-endemic area. J. Clin. Virol. 2017, 96, 60–63. [CrossRef]

135. Degefa, B.; Gebreeyesus, T.; Gebremedhin, Z.; Melkamu, G.; Gebrekidan, A.; Hailekiros, H.; Tsegay, E.;
Niguse, S.; Abdulkader, M. Prevalence of hepatitis B virus, hepatitis C virus, and human immunodeficiency
virus among blood donors of Mekelle blood bank, Northern Ethiopia: A three-year retrospective study.
J. Med. Virol. 2018, 90, 1724–1729. [CrossRef] [PubMed]

136. Stramer, S.L.; Yu, G.; Herron, R.; Espinoza, N.; Foster, G.A.; Naccache, S.N.; Brodsky, J.P.; Ong, E.; Linnen, J.M.;
Dyer, N.; et al. Two human immunodeficiency virus Type 2 cases in US blood donors including serologic,
molecular, and genomic characterization of an epidemiologically unusual case. Transfusion 2016, 56, 1560–1568.
[CrossRef] [PubMed]

137. Pakzad, R.; Ayubi, E.; Safiri, S. Blood transfusions in severe burn patients: Epidemiology and predictive
factors: Methodological issues. Burns 2017, 43, 1363–1364. [CrossRef] [PubMed]

138. Palmieri, T.L.; Holmes, J.H.; Arnoldo, B.; Peck, M.; Potenza, B.; Cochran, A.; King, B.T.; Dominic, W.;
Cartotto, R.; Bhavsar, D.; et al. Transfusion Requirement in Burn Care Evaluation (TRIBE). Ann. Surg. 2017,
266, 595–602. [CrossRef]

139. Kilyewala, C.; Alenyo, R.; Ssentongo, R. Determinants and time to blood transfusion among thermal burn
patients admitted to Mulago Hospital. BMC Res. Notes 2017, 10, 258. [CrossRef]

140. Tavousi, S.; Ahmadabadi, A.; Sedaghat, A.; Khadem-Rezaiyan, M.; Moghaddam, Z.Y.; Behrouzian, M.;
Nemati, S.; Saghafi, H. Blood transfusion in burn patients: Triggers of transfusion in a referral burn center in
Iran. Transfus. Clin. Biol. 2018, 25, 58–62. [CrossRef]

141. Mulugeta, H.; Dessie, G.; Wagnew, F.; Jara, D.; Leshargie, C.T.; Negesse, A. Seroprevalence and trend of
human immunodeficiency virus among blood donors in Ethiopia: A systematic review and metaanalysis.
BMC Infect. Dis. 2019, 19, 383. [CrossRef]
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