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Abstract 
Introduction: Varicella is a highly contagious disease. Epidemics of varicella are seen every year globally and present a threat to public 

health, especially in China and other developing countries. 

Methodology: Clinical and laboratory findings of 865 varicella patients admitted to Beijing You’an Hospital, China, between January 2011 

and December 2013 were collected and analyzed. Patients with isolated complication were grouped as SI (skin infection, n = 132) and LD 

(liver damage, n = 89). Two hundred and one patients without complications were grouped as control (mild group). Levels of T-cell subtypes 

and eight serum cytokines and were also tested. Levels of IFN and IL-6 were monitored prospectively in another 12 grouped patients.  

Results: SI was complicated in 21.7% (188/865) of varicella cases, and LD was complicated in 16.8% (145/865). The rates of SI and LD in 

varicella patients increased rapidly in the past three years. No laboratory findings were associated with SI or LD (all p > 0.05). IL-6 and IFN 

levels were correlated with amniotic membrane extract (AME) (p = 0.044 and p = 0.038). Their levels peaked at day 1 of admission, and then 

started to decline.  

Conclusions: The incidence of serious complications has become more common in recent years. IL-6 and IFN may possibly be used as early 

serum markers for identifying patients at risk of developing complications such as skin infections in varicella. 
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Introduction 
Varicella (also named chickenpox) is an acute and 

highly infectious disease caused by the varicella zoster 

virus (VZV) [1]. Most infected patients are between 

one and nine years of age. The incidence rate of 

varicella is around 10–20/1,000 people per year [2]. 

Although generally considered a mild disease in 

children, varicella can also have serious complications 

and detrimental sequelae [2]. Death can also occur in 

severe cases [2,3]. The most common complications of 

varicella include skin infection and liver damage [2]. 

The vaccine against varicella was developed 

almost 20 years ago and has been used worldwide, 

which led to a sharp decline in the incidence of 

varicella within a few years [2,3,4]. In China, the 

varicella-zoster vaccine is not included in the national 

immunization program, and is only available 

commercially.  

 

Despite good vaccination coverage around the 

world, major outbreaks have occurred in many 

countries, including developed countries such the 

United States, England, and Korea [2,4-6]. In China, 

the vaccine has been available in the private sector for 

a decade and its overall vaccine effectiveness (VE) is 

over 83% [7]. The persistent occurrence of varicella 

cases have brought global attention to the efficacy of 

the vaccines and dynamic changes of the disease 

epidemiology. Careful evaluation is required to adopt 

effective public health measures.  

Clinical diagnosis based on typical skin rash and 

fever is not very difficult in populations with poor 

vaccine coverage; however, there is currently no way 

to predict or make an early diagnosis for severe cases 

with complications such as skin infection and liver 

damage, due to poor understanding of the molecular 

mechanisms of VZV pathogenesis [8]. The question 

remains about how to make accurate and early 

diagnosis and to avoid the development of serious 
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complications. Certain aspects of host immune 

responses to VZV infection may be used in diagnosis, 

such as T-cell subtypes in cellular immunity and 

different cytokine levels. Cytokines are key mediators 

in inflammatory processes during viral infections. 

Their levels have been found to be associated with 

VZV infection. VZV infection is known to be able to 

affect host IL-1 level, which is one of the key 

proinflammatory mediators in response to viral 

infections [9]. Cellular responses to VZV infections 

have also been studied and have been proven to be 

critical [10-13]. 

The objective of this study was to summarize the 

clinical and laboratory data of a group of varicella 

patients admitted to Beijing You’an Hospital, China, 

and to evaluate the possible correlation that may exist 

between serum markers and disease severity. Patients 

with skin infection and/or liver damage were defined 

as severe cases, since these are the most common 

complications of varicella infections seen in practice. 

This study aimed to characterize the current clinical 

features, epidemiology, and dynamic changes of 

varicella infections in China. In addition, we sought to 

identify potential early serum marker(s) of disease 

severity, so that prophylactic measures could be taken 

to reduce the incidence of serious complications.  

 

Methodology 
Case definition 

Varicella infection was defined as either the 

isolation of the virus from at least one site (throat 

swab, blood, stool, cerebrospinal fluid [CSF], or 

other), or a fourfold rise in varicella IgG antibody titer 

in acute and convalescent sera, with a negative 

bacterial culture. Skin infection (SI) was defined as a 

disease characterized by bacterial skin infections with 

or without positive bacterial culture. Liver damage 

(LD) was defined as elevated liver function parameters 

from blood tests.  

 

Study population 

The study population comprised 865 patients who 

met the case definition described above. The patients 

were consecutively admitted to Beijing You’an 

Hospital, Capital Medical University (Beijing, PR 

China) between January 2011 and December 2013. 

Patients were grouped into three categories based on 

disease severity. The first group, mild, included 

varicella patients without SIs or LD; the second group, 

SI, included varicella patients complicated with SI 

only; the third group, LD, included varicella patients 

complicated with LD only.  

 

Data source 

All parameters, except kinetic level changes of IL-

6 and IFN, included in the investigation were 

collected by reviewing patients’ medical records, 

which were preserved in the medical record library 

and the medical computerized database at Beijing 

You’an Hospital, Capital Medical University. The 

patient records were retrospectively examined for the 

primary set of data, which included demographic 

characteristics (age and sex), clinical parameters (signs 

and symptoms), laboratory values (hematologic, 

biochemical, and microbiological findings), radiologic 

data,  patient’s status at discharge (recovered or died), 

admission and discharge dates, and length of hospital 

stay (LOS). For kinetic level changes of IL-6 and 

IFN, 12 typical patients (four from each of mild, SI, 

and LD groups) were selected.  

The ethics committee of Beijing You’an Hospital 

approved this study, which covered the retrospective 

analysis of the 865 records and the additional study of 

cytokine levels in 12 patients. Parents or caretakers of 

all 865 participants, including 12 patients for cytokine 

research, gave written informed consent on behalf of 

their participating children for their children’s 

information to be stored and used for research. Human 

experimentation guidelines of PR China were followed 

in this study. 

 

Cytokine level determination 

The blood samples of all patients for cytokine 

determination were collected at the time of admission, 

and cytokine levels were tested by two trained 

technicians immediately. From the 865 selected cases, 

12 typical patients were selected, and blood samples 

were collected on day 0, day 1, day 2, day 3, and day 4 

after admission. The plasma was harvested within 30 

minutes of venipuncture at 37°C from 

ethylenediaminetetraacetic acid (EDTA)-

anticoagulated blood samples and stored at -70°C until 

analyzed. The Bio-Plex Human 8-Plex kit (Bio-Rad, 

Hercules, USA) was used to detect IL-2, IL-4, IL-6, 

IL-8, IL-10, IFN, GM-CSF, and TNF levels on a 

Luminex200 xMAP analyzer system (Luminex, 

Austin, USA), according to the manufacturer’s 

instructions.  

 

Statistical analysis 

Proportional data were tested using the Chi-square 

test or Fisher’s exact test. Continuous data were tested 

using the Student’s t test. The Mann-Whitney U test 

was used for nonparametric data that did not have a 
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normal distribution. All analyses were performed 

using SPSS software, version 11.0. A p value < 0.05 

was considered to be significant. 

 

Results 
Patient characteristics and clinical and laboratory 

findings 

In this study, data of 865 hospitalized patients with 

varicella infection admitted in Beijing You’an 

Hospital between January 2011 and December 2013 

were collected. The average time from the appearance 

of either fever or rash to hospital admission was 2.22 ± 

2.15 days. Hospital stay ranged from 2 to 12 days, 

with an average of 7.36 ± 5.99 days. All patients in 

this study recovered and were discharged. No patients 

died.  

Of the patients, 389 (45.0%) were male, and 476 

(55.0%) were female. The male-to-female ratio was 

about 1:1.22. The ratio did not show any significant 

differences among patients with different 

complications, thereby indicating that gender is not a 

risk factor for complications. The average age of 

varicella patients was 11.34 ± 8.99 years. The patients’ 

ages ranged from 1 to 37 years of age; 17.8% of the 

patients were over 17 years of age. From 2011 to 

2013, the ratio of patients over 17 years of age 

fluctuated without significant change (18.1% in 2011; 

17.6% in 2012; 18.5% in 2013).  

Skin rash was the most common clinical finding in 

varicella patients, seen in all (100%) patients. The 

most common sites of skin rash included head/face 

(98.8%, 855/865), trunk (93.9%, 812/865), extremities 

(91.2%, 789/865), and mouth (76.1%, 658/865). 

Malaise (92.9%, 804/865) and fever (80.8%, 699/865) 

were also commonly seen in varicella. Neurological 

complication was rare, and only 2.5% (22/865) of 

patients showed ataxia (Table 1). A significant number 

of patients had a fever higher than 39°C upon 

admission, but no predictive value of high fever on 

disease severity was found (with or without 

complications; p > 0.05).  

Of the 865 varicella patients, 201 (23.2%) had no 

complications and were defined as mild. There were 

188 (21.7%) cases complicated with skin infections, 

and 145 (16.8%) with liver damage. There were no 

gender differences found among patients with skin 

infections or liver damage. Within the past three years, 

the incidence rates of common complications such as 

skin infections and liver damages in varicella patients 

have changed significantly. Among the varicella virus-

infected patients, the rates of skin infections and liver 

damage were both sharply elevated. The incidence of 

liver damage even doubled in 2012 compared with 

2010 (Figure 1). 

To further characterize the effects of each distinct 

complication, data from 201 mild cases, 132 with skin 

infection only cases, and 89 with liver damage only 

cases were collected and analyzed. Patients with 

multiple complications were excluded. Statistical 

analysis also demonstrated that white blood cell, 

neutrophil, and lymphocyte counts/percentages and 

other routine blood test results did not show any 

significant differences among different groups of 

patients (all p > 0.05) (Table 2). 

Table 1. Clinical characteristics of varicella patients (n = 865) 

 Case number (n) Percentage (%) 

Rash 865 100 

 Head/face 855 98.8 

 Trunk 812 93.9 

 Extremities 789 91.2 

Mouth 658 76.1 

Malaise 804 92.9 

Fever 699 80.8 

Drowsiness 430 49.7 

Headache 293 33.9 

Abdominal pain 278 32.1 

Skin infection 188 21.7 

Cough 187 21.6 

Constipation 146 16.9 

Enlarged lymph nodes 101 11.7 

Chills 76 8.8 

Nausea 67 7.7 

Vomiting 57 6.6 

Diarrhea 37 4.3 

Ataxia 22 2.5 
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Table 2. Laboratory findings (mean ± SD [median]) 

 Mild (n = 201) SI (n = 132) LD (n = 89) 

WBC (109/L) 8.2 ± 2.9 (7.0) 12.7 ± 5.8 (11.2) 8.2 ± 3.9 (6.9) 

Neutrophils (%) 57.9 ± 16.5 (59.1) 79.9 ± 25.1 (82.5) 60.9 ± 23.1 (68.0) 

Lymphocytes (%) 39.9 ± 21.3 (35.8) 22.9 ± 29.3 (37.7) 42.3 ± 29.3 (40.0) 

HB (g/dL) 122.2 ± 17.9 (121.3) 127.1 ± 19.1 (128.9) 125.5 ± 25.2 (131.1) 

PLT (109/L) 242.7 ± 102.1 (255.1) 245.3 ± 102.2 (249.1) 254.1 ± 92.2 (242.7) 

CK (IU/L) 279.4 ± 456.8 (98.0) 298.2 ± 567.2 (199.2) 278.0 ± 512.1 (178.3) 

CK-MB (IU/L) 18.1 ± 11.0 (15.2) 16.1 ± 13.2 (15.9) 17.1 ± 9.9 (15.9) 

LDH (IU/L) 254.1 ± 105.8 (229.1) 301.8 ± 121.1 (267.6) 277.3 ± 159.3 (256.3) 

Serum amylase (IU/L) 95.1 ± 35.1 (116.0) 103.3 ± 34.7 (93.0) 91.3 ± 40.9 (94.9) 

SI: isolated skin infection; LD: isolated liver damage 

 

 

Table 3. Counts of T-cell subgroups in varicella patients (mean ± SD [median]) 

 Mild (n = 201) SI (n = 132) LD (n = 89) 

CD4+ T cells 962 ± 365 (931) 1,108 ± 385 (1,125) 1,013 ± 439 (977) 

CD8+ T cells 419 ± 193 (378) 584 ± 394 (594) 499 ± 187 (449) 

CD3+ T cells 1,208 ± 321 (1211) 1,342 ± 645 (1,392) 1,501 ± 554 (1,432) 

SI: isolated skin infection; LD: isolated liver damage 
 

 

Table 4. Plasma cytokine levels of varicella patients (mean ± SD [median]) 

Cytokine (pg/mL) Mild (n = 201) SI (n = 132) LD (n = 89) 

IL-2 2.9 ± 1.7 (3.0) 6.1 ± 3.2 (5.1) 4.9 ± 1.9 (4.2) 

IL-4 0.9 ± 0.9 (0.8) 1.2 ± 0.6 (1.2) 1.0 ± 0.8 (0.9) 

IL-6 20.1 ± 10.0 (11.9) 27.6 ± 12.9 (24.2)* 17.2 ± 14.4 (20.2) 

IL-8 33.1 ± 19.9 (24.2) 30.0 ± 22.2 (33.7) 29.8 ± 31.1 (17.8) 

IL-10 8.3 ± 4.9 (9.2) 19.5 ± 11.1 (17.1) 12.2 ± 12.6 (13.4) 

IFNγ 69.1 ± 56.2 (71.4) 133.3 ± 62.8 (102.1)* 79.9 ± 53.8 (88.2) 

GM-CSF 7.7 ± 7.2 (7.1) 9.2 ± 7.3 (8.8) 8.2 ± 7.9 (7.9) 

TNFα 13.2 ± 13.1 (14.2) 15.5 ± 10.4 (16.3) 18.8 ± 10.2 (12.4) 

*p < 0.05; SI: isolated skin infection; LD: isolated liver damage  

 

Figure 1. Incidence rates of skin infections and liver damages 

in varicella. Mild: varicella patients without any complications; 

SI: varicella patients complicated with skin infections; LD: 

varicella patients complicated with liver damage.  
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T-cell levels of varicella patients 

The absolute counts of lymphocytes in mild 

patients and patients with different isolated 

complications did not differ significantly (Table 2). 

However, there may have been some differences 

among different immune phenotypes in T-cell 

subgroups between mild patients and patients with 

isolated complications. As shown in Table 3, CD3+, 

CD4+, and CD8+ cell counts were further analyzed. 

The numbers of all these three T-cell subtypes seemed 

elevated in patients with complications compared with 

patients in the mild group; however, statistical analysis 

failed to show any significant difference among the 

groups. 

 

Plasma cytokine levels of varicella patients 

Cytokines are key mediators of host immune 

responses to all viral and bacterial invasions. The 

levels of IL-2, IL-4, IL-6, IL-8, IL-10, IFN, GM-CSF, 

and TNF in all three groups of subjects were 

therefore tested upon admission, and the results are 

presented in Table 4.  

All eight tested cytokines were statistically 

correlated to each other (all p < 0.05). There seemed to 

be an activation of a well-connected cytokine network 

during varicella virus infection. A significant portion 

of patients showed elevated levels of IL-6 and IFN 

(55.0%, 476/865 and 24.4%, 211/865, respectively). 

The elevation of IL-2, IL-4, IL-8, GM-CSF, and TNF 

levels were minimal.  

Among mild, SI, and LD groups, cytokine levels 

were further measured, compared, and analyzed. All 

cytokine levels did not show significant changes 

between patients with different disease severity (all p 

> 0.05, SI or LD groups vs. mild group), except for IL-

6 and IFN. Compared to those for patients in the mild 

group, the levels of IL-6 and IFN in patients in the SI 

group were elevated significantly (p = 0.044 and p = 

0.038, respectively). However, this difference was not 

observed between the mild group and the LD group (p 

> 0.05) (Table 4)  

 

Kinetic changes of IL-6 and IFN in patients with 

severity differences  

Varicella infection could be progressive, and the 

cytokine levels change along with disease progression. 

The kinetic changes in IL-6 and IFN levels within a 

small group of patients with or without different 

complication(s) were therefore prospectively 

monitored. In each group (mild, SI, and LD) of 

varicella patients, four typical patients were tested for 

IL-6 and IFN levels daily. Dynamic changes of IL-6 

and IFN levels are shown in Figure 2. In all three 

groups, the levels of IL-6 and IFN peaked at day 1 

after admission and then started to decline. The 

cytokine levels in varicella virus-infected patients with 

SI were consistently higher than those in the other two 

groups of patients. These results confirm that IL-6 and 

IFN levels are associated with the severity of 

varicella and also change along with the progression of 

the disease. 

 

Discussion 
Varicella is highly contagious illness caused by the 

varicella zoster virus, a type of human herpes virus. 

Even though there is a commercially available vaccine 

Figure 2. Kinetic changes of IL-6 and IFN in varicella patients with or without different complications. IL-6 (A) and IFN (B) levels 

were measured at day 0, 1, 2, 3, and 4 after admission. Mild: varicella patients without any complications; SI: varicella patients 

complicated with skin infections; LD: varicella patients complicated with liver damage. 
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against VZV infection, the infection rates are still high 

in many regions of the world [3,14]. After increased 

use of the vaccine in recent years, the epidemic 

features of varicella have changed. Our study indicates 

that between 2011 and 2013, the percentage of mild 

cases dropped greatly, while the rate of severe cases 

with complications, especially skin infections and liver 

damage, were elevated significantly (Figure 1). This 

indicates that the severity of varicella cases in China 

may be elevated. Although deaths are still very rare, 

subsequent serious sequelae such as neurological 

defects are alarming and must be taken into 

consideration with appropriate concerning steps.  

Patients with varicella can have a spectrum of 

clinical manifestations. In our study, skin rash was 

seen in all the patients. Fever was also very common, 

as were digestive tract complaints. This could be due 

to liver damage, gastroenteritis, or elevated 

intracranial pressure (Table 1). All of these findings 

were consistent with previous reports on varicella 

[1,2].  

Cytokines are important mediators in many 

cellular signaling pathways involved in immune 

responses. IL-10 may have protective effects during 

inflammation by inhibition of IL-1, IL-6, IL-8, and 

TNF and reduction of reactive oxygen intermediates 

[15]. It could be activated in almost all inflammatory 

responses. In our study, IL-10 level was not correlated 

with complication development (p > 0.05). IL-6 is 

secreted by innate immune cells such as macrophages 

and dendritic cells. It also could be produced by non-

leukocytes such as fibroblasts, endothelial cells, and 

astrocytes [16]. Elevated IL-6 concentration is 

associated with severe inflammatory diseases and 

malignancies [17]. IFN is a pleiotropic cytokine that 

is mainly produced by Th1 cells, cytotoxic CD8+ T 

cells, and NK cells. It is critical for both innate and 

adaptive immunity, and could be activated by viral 

infections [18]. Our findings demonstrated that 

elevation of IL-6 and IFN levels measured upon 

admission was related to SI, a common and severe 

complication in varicella patients (Table 4). Data on 

dynamic changes of these two cytokines also 

supported the possible association that may exist 

between IL-6 and IFN and disease severity and 

complications. In addition, our results showed that IL-

6 and IFN peaked early, on day 1 of admission 

(Figure 2). Previous publications have shown the 

critical roles of IL-6 and IFN in viral infections such 

as in mumps [19-22], results that are consistent with 

our findings in varicella infections. These cytokines 

may be used as serum markers to make early diagnosis 

of skin infections or liver damage in varicella and to 

take early measures during the course of the disease. 

Further studies with larger populations of patients are 

required to confirm this finding. 

 

Conclusions 
Our study suggests that the incidence of serious 

complications has become more common in recent 

years, and that IL-6 and IFN may be used as early 

serum markers for patients at risk of developing 

complications such as skin infections in varicella. 
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