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Abstract

Background: Varicella is a contagious illness, caused by varicella zoster virus
(VZV). It is transmitted via the respiratory route and through contact with
the infected person. Fourteen cases of varicella from a boarding school in
Chikomba District, Zimbabwe were reported on 14 February 2019. We inves-
tigated the outbreak to determine its scope, identify risk factors for transmis-
sion and recommend evidence-based control measures. Methods: A 1:2 un-
matched case-control study was conducted. A case was a form one student at
a boarding school in Chikomba District who developed acute onset of diffuse
maculopapulovesicular rash without other apparent cause from 22 January
2019 to 24 February 2019. A control was a form one student at the same
boarding school who did not develop the signs and symptoms of varicella
during the same period. The diagnosis was based on clinical signs and symp-
toms. An interviewer-administered questionnaire was used to collect data.
Epi info 7™ was used to calculate frequencies, odds ratios and perform logis-
tic regression to control for confounding variables. Results: We recruited 31
cases and 62 controls. Independent risk factors for contracting varicella were
classmate contact [AOR 24; (95% CI 4.4 - 83), p < 0.01], dormitory contact
[AOR 14; (95% CI 2.7 - 75), p < 0.01] and previous history of varicella like
illness [AOR 0.08; (95% CI 0.02 - 0.30), p < 0.01]. Only 35% (11/31) of cases
and the majority 58 % (36/62) of controls, knew at least three signs and
symptoms of varicella (p = 0.04). All cases were reported to the health facility
within two days of onset of illness but were not managed according to guide-
lines. Conclusion: A perfect setting for the spread of infection was available
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in the form of students in a naive community living in close proximity both at
class and at dormitories, which lead to the rapid transmission of the virus.
Screening and isolation of the infected students controlled the outbreak.
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1. Introduction

Varicella is a highly contagious illness caused by the varicella-zoster virus, a type
of herpes virus [1]. It can cause an itchy, blister-like rash [2]. The rash first ap-
pears on the chest, back, and face, and then spreads over the entire body, causing
between 50 and 500 itchy blisters [2]. Primary infection with varicella zoster vi-
rus (VZV) causes varicella (chickenpox). After the primary infection, VZV stays
in the body as a latent infection and its reactivation causes herpes zoster (HZ)
[2]. HZ usually occurs later in life, with 295% of immunocompetent individuals
over 50 years of age being seropositive for VZV and at risk of developing the
disease. VZV is highly transmissible via respiratory droplets or direct contact
with characteristic skin lesions of the infected person [3].

The first symptoms of clinical varicella generally appear after a 10 - 21 day
incubation period [3]. Persons with varicella are considered infectious from 1 to
2 days before the rash appears and until all lesions are crusted over [4]. Varicella
is not a universally notifiable disease, but standardized annual incidence rates
from 300 - 1291 per 100,000 population have been reported in Europe [5]. There
is little literature on varicella in low to medium income countries. In temperate
high-income countries in the prevaccination era, >90% of infections occurred
before adolescence and are more severe in adults than in children [4]. Periodic
large outbreaks occur with an inter-epidemic cycle of 2 - 5 years. Varicella out-
breaks continue to occur even in settings such as schools where most children
are vaccinated [2].

In Africa, risk factors for VZV include the rapidly growing elderly population
due to wide use of antiretroviral therapy among HIV-positive clients [6]. VZV
seropositive status has been noted to be associated with a higher number of indi-
viduals per household [7]. High seroprevalence rates (94% - 96%) have been re-
ported in crowded refugee camps that had experienced varicella outbreaks [8]
[9]. The later acquisition of varicella is thought to be possibly protective against
developing shingles, as immunity developed during the initial infection could
last longer [10].

In Zimbabwe, varicella is a notifiable disease but there is limited documented
literature on outbreaks. On 16 February 2019, the nurse at a high school dispen-
sary in Chikomba District attended to 14 students who presented with com-
plaints of headaches, fever and itchy diffuse (generalized) maculopapulovesicu-

lar rash. The district rapid response team (RRT) visited the school on February
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18, and eight more cases were found during active search. On further inquiry,
the index case was found to have experienced similar symptoms on 22 January
2019. All reported cases were students in form one from the high school. The at-
tack rate among the form ones was 11.3%. Blood samples were collected from
the 22 students, but the National Virology Laboratory was not carrying out vari-
cella confirmatory tests. A varicella outbreak was declared based on clinical di-
agnosis. Zimbabwe has no public VZV vaccination program. This poses a risk of
a major outbreak if no investigation and control measures are implemented.
Apart from that, there is no published literature on VZV outbreaks in Zim-
babwe. We investigated the varicella outbreak to determine risk factors and in-

stitute relevant control and preventive measures.

2. Methods
2.1. Study Setting

We carried out a study from 25 to 27 of February 2019 at a boarding school in
Chikomba District, Mashonaland East Province, Zimbabwe. The school draws
students from all parts of the country. The boarding school enrolls students from
Form 1 to six and had an enrolment of 861 students, 60 teachers and 10
non-teaching staff at the time of the outbreak. There are four form one classes
with a total of 194 students. There is provision of water from a borehole and
meals are prepared at the school kitchen. Each form has its own dormitory with
several partitions. Healthcare services are offered at the school dispensary that is

manned by a registered general nurse.

2.2. Diagnostic Criteria

At the time of the outbreak, the Zimbabwe National Virology Laboratory was
not conducting varicella PCR confirmatory blood test. Therefore, a varicella
outbreak was declared based on clinical diagnosis where a case was defined as
any student at the boarding school who developed acute onset of diffuse macu-
lopapulovesicular rash without other apparent cause from 22 January 2019 to 24
February 2019

2.3. Case Investigations

We visited the school and used a line list of cases by the date of onset of symp-
toms to conduct a preliminary case investigation. The line list captured demo-
graphic data, epidemiological information on signs and symptoms, date of onset,
age and class of the patient. All cases on the line list were interviewed and were
Form 1 students. The index case had onset of symptoms on 22 January 2019. She
reported no history of varicella contact either at home or at school. When she
got treatment at the school dispensary two days after appearance of symptoms,
she was not isolated, no contact tracing was done, and the case was not reported.
We used the Zimbabwe Integrated Disease Surveillance and Response (IDSR)
assessment tool to assess the level of district preparedness and response to the
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outbreak.

2.4. Descriptive Epidemiology and Hypothesis Generation

We analysed the data gathered from case investigation by time, place and person
to generate a hypothesis for our investigation. Findings of our descriptive epi-
demiology suggested that all cases had a contact either at the dormitories or in
class before the onset of illness. We also found that all cases were Form 1 stu-
dents. We hypothesised that there was an association between having a dormi-

tory contact and contracting varicella.

2.5. Environmental Assessment

On suspicion that close contact might have been the risk factor for the outbreak
basing on the descriptive epidemiology, we developed an environmental check-
list to assess the environment. We assessed the cleanliness of the dormitories,
clothing and floor space area per student. We also assessed availability of safe

water sources and clean and functional toilets in the dormitories.

2.6. Case-Control Study

Study Design and case definitions

We conducted an unmatched 1:2 case-control study to test the hypothesis. We
restricted our study to the form one students. We defined a case as a form one
student at the boarding school who developed acute onset of diffuse maculopa-
pulovesicular rash without other apparent cause from 22 January 2019 to 24
February 2019. A contact was defined as a student at the school sharing a con-
fined space for a prolonged period from 22 January 2019 to 24 February 2019,
increasing the risk of exposure to secretions on either explosive sneeze or cough.
We defined a control as a form one student at the school who did not develop
acute onset of diffuse maculopapulovesicular rash without other apparent cause
from 22 January 2019 to 24 February 2019.

Sampling technique

We recruited all the 31-suspected cases on the line list. Controls were selected
randomly using the lottery method where each name on the list of all Form Ones
who did not suffer varicella were allocated a number on pieces of paper, which
were put in a box and randomly picked. The name corresponding to the number

was recruited into the study until we reached the sample size of 62 controls.

2.7.Data Collection

We designed an interviewer-administered questionnaire that had three sections
(A to C) with a total of 40 questions. Section A had demographic questions that
included age, gender, educational level, and religion of study participants. Sec-
tion B had questions related to varicella knowledge (transmission, prevention,
signs and symptoms of varicella, when to stop medication and if varicella is cur-

able), attitudes (perceived benefits of individual and community vaccination and
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if varicella is dangerous) and practices (vaccination status, isolation regulations,
treatment of varicella). Finally, section C had case specific questions on clinical
management of cases. We pretested our interviewer-administered questionnaire
by administering 10 questionnaires to five cases and five controls who were not
included in the study. Initially the questionnaire had few unclear questions that
we modified and validated, and the investigators agreed upon reliability of the
questionnaire. We used the questionnaire to collect data from both cases and
controls as listed in the three sections above. We also assessed and measured
timeliness and quality of outbreak detection, investigation and response using a
checklist adopted from the Zimbabwe Integrated Disease Surveillance and Re-

sponse Technical Guidelines.

2.8. Data Analysis

We created the questionnaire in Epi Info 7™ statistical software package for data
analysis. We used the software to generate frequencies of various independent
variables, calculate Odds Ratios (ORs), p-values and 95% Confidence Intervals
(CI). We performed forward stepwise logistic regression analysis using the same
software to determine the independent factors associated with contracting vari-
cella. All variables associated with contracting varicella in the bivariate analysis
with a p-value < 0.25 were included in the logistic regression model. Knowledge
was assessed on a 5-point Likert Scale where a score of 0 - 2 was poor know-

ledge, 3 fair knowledge and 4 - 5 was good knowledge.

2.9. Ethics Approval and Consent to Participate

The Institutional Review Board (IRB) for Mashonaland East Provincial Health
Directorate reviewed the study protocol on 23 February 2019 and approved the
study. Permission to conduct the investigation was obtained from the Health
Studies Office (HSO), Provincial Medical Director (PMD) and Provincial Edu-
cation Director (PED) Mashonaland East Province, District Medical Officer
(DMO) Chikomba district and the headmaster of the boarding school. We fully
explained the aim of the study to the headmaster and participants, and we ob-
tained informed consent from the headmaster. We maintained and assured con-
fidentiality throughout the study. Records of the data and the consent forms
were kept under lock and key all times.

3. Results
3.1. Descriptive Epidemiology

A total of 31 varicella cases were seen between 22 January and 24 February 2019
at the school dispensary. The attack rate was 11.3% among the form ones and no
deaths were recorded. None of the cases had laboratory confirmation because
local laboratories were not carrying out the confirmatory tests. Out of the 31
cases only 3 (10%) were males and 28 (90%) were females. The majority, 28

(90%) of cases were students in the 12 - 14 years age group and none was below

DOI: 10.4236/0jepi.2022.124039

496 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2022.124039

G. Emmanuel et al.

12 years.

Figure 1 is the epidemic curve showing the number of cases by date of onset
of symptoms. The epidemic curve demonstrated a propagated type of disease
spread signifying person to person contact. Three major peaks were seen with
the first peak seen on 14 February 2019 and last peak was on 19 February 2019.
The first case occurred on the 22" of January 2019. Another case occurred four
days later, and the majority occurred 24 days after the first case. Most cases oc-
curred on 14 February 2019. There was a gradual decrease in the number of cas-
es from 16 February 2019 until zero cases were recorded on 24 February 2019

when the investigation ended.

3.2. Case Presentation and Case Management

All cases presented with a typical varicella diffuse maculopapular vesicular rash.
Fourteen (45%) of cases presented with generalised body malaise and only 2
(6.5%) presented with loss of appetite. Fifteen (49%) of cases were classified as
having moderate disease and only 2 (6.5%) as having severe disease. All the 31
cases reported no prior history of vaccination against varicella zoster virus.

All 31 cases were managed with calamine lotion. Twenty-four (77%) and 20
(65%) of cases received antibiotics (amoxicillin) and antihistamines (chlorphe-
niramine) respectively. Although acyclovir is the antiviral drug of choice none of
the cases got it because it was not available in the district. Thirteen (42%) of the
cases were admitted with a 3-day median stay in hospital. At the time of the in-
vestigation 20 (65%) had already recovered and none of the cases developed
complications.

Epidemic preparedness and response to varicella outbreak, Chikomba
District, 2019

Although the first cases reported to the health facility within stipulated time
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Figure 1. Epidemic curve for varicella outbreak at a boarding school, Chikomba, Zimbabwe, 2019.
*DHE = District Health Executive.
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frame, the outbreak was not relayed to the district in time despite the clinic hav-
ing health workers trained on the Rapid Disease Notification System (RDNS)
reporting. The outbreak was relayed 25 days later after an upsurge in the number
of cases. The district rapid response team (RRT) responded within 2 days and
control measures were put in place. Cases were screened, treated and quaran-
tined. Cases were not allowed to mix with other students at dormitories and at
school. They were not allowed to play and sleep together with others until after
the infectious period, 4 - 7 days after crusting of lesions. Line lists were compiled
daily. Resources were not adequate for the outbreak response for instance acyc-
lovir was not available in the district. Apart from that, there are no reports and
treatment guidelines for varicella in Zimbabwe.

Environmental assessment at the boarding school, Chikomba District,
2019

The school has 12 dormitories, six for boys and six for girls. Each form has its
own compartmentalized dormitory. In the form one dormitories, we noted that
students were overcrowded with an average of 8 to 10 students per compart-
ment. According to the education regulations, Statutory Instrument 24 of 1980,
each student in a dormitory should occupy an area of at least 3.75 square metres.
Students at the high school who were staying in these dormitories were occupy-
ing an area of 2.8 square metres. All dormitory walls and floors were clean. Each
dormitory had an average of 6 functional squat holes and were adequate. Run-

ning water from the school borehole was available all the time.

3.3. Analytic Epidemiology

The study recruited all 31 cases from the line list and 62 controls. The majority
28 (90%) of cases and 58 (93%) of controls were from the 12 - 14 years age
group. The median age was 13 years [IQR (12 - 14.5)] for cases and 13 years
[IQR (13 - 14)] for controls. The majority 13 (42%) of cases and 24 (39%) of
controls were from the Pentecostal religious group. Thirteen (42%) of the cases
were from class one white and for controls the majority 18 (29%) were from
class one yellow. However, there was no statistical difference in terms of class (p
= 0.8). Twenty-three (74%) of cases and 33 (53%) of controls were staying in
dormitories with 8 - 10 students (Table 1).

Significant factors associated with contracting varicella at a boarding
school, 2019

The significant risk factors associated with contracting varicella at the high
school were, classmate contact, [OR 4.7, 95% CI (1.8 - 12.0), p < 0.01], dormito-
ry contact, [OR 4.1, 95% CI (1.6 - 10.3), p < 0.01], friend contact [OR 5.6, 95%
CI (2.2 - 14.5), p < 0.01] and sharing clothes during outbreak [OR 3.2, 95% CI
(1.2 - 9.0), p = 0.015]. Students who had a classmate contact were 4.7 times more
likely to develop varicella as compared to students who did not have a classmate
contact. Students who had a dormitory contact were 4.1 times likely to develop
varicella than those who did not. Having suffered from varicella like illness be-
fore was protective [OR 0.10, 95% CI (0.04 - 0.31), p < 0.01] (Table 2).
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Table 1. Demographic characteristics of students at a boarding school, Chikomba, Zim-

babwe, 2019.
Variable Category Cases n = 31 (%) Controls n =62 (%)
Age <12 years 0(0) 1(2)
12 - 14 years 28 (90) 58 (93)
>14 years 3(10) 3(5)
Median age (IQR¥) 13 (12 - 14.5) 13 (13 - 14)
Male 3(10) 37 (60)
Sex
Female 28 (90) 25 (40)
Apostolic 8 (16.1) 18 (29.0)
Religion Pentecostal 13 (41.9) 24 (38.7)
Orthodox 10 (32.3) 20 (32.3)
1 blue 5(16.1) 16 (25.8)
1 yellow 6(19.4) 18 (29.0)
Class
1 orange 7 (22.6) 13 (21.0)
1 white 13 (41.9) 15 (24.2)
11-13 23 (74 33(53
Dormitory dwellers size (74) (53)
8-10 8 (26) 29 (47)

*IQR = interquartile range.

Table 2. Factors associated with contracting varicella at a boarding school, Chikomba,
Zimbabwe, 2019.

Cases Control
Fact: Cat OR (95% CI -val
actor ategory n=31(%) n=62(%) (95% CI) p-value

Y 20 (64.5 15 (24.2

Friend contact e (64.5) (24.2) 5.6 (2.2 -14.5) <0.01
No 11(35.5) 47 (75.8)
Y 18 (58.1 14 (22.6

Classmate contact e (58.1) (22.6) 4.7 (1.8-12.0) <0.01
No 13(41.9) 48 (77.2)
Yes 21(67.7)  21(33.9)

Roommate contact 4.1(1.6-10.3) <0.01
No 10(32.3) 41 (66.1)
Yes 11 (35.5) 9 (14.5)

Shari loth: 3.2(1.2-9.0 0.015

aring clothes No 20 (64.5) 53 (85.5) ( )

Y 23 (74 33 (53.0

Dormitory size e (74) ( ) 2.5(1.0 - 6.5) 0.05
No 8 (26) 29 (47.0)
History of varicella Yes 5(16.1) 40 (64.5)

A 0.1(0.04 - 0.31) <0.01
like rash No 26 (83.9) 22 (35.5)

Independent factors associated with contracting varicella at a boarding
school, Chikomba, 2019

Contact with a classmate [AOR 24, 95% CI (4.4 - 83), p < 0.01] and having
contact with a dormitory mate [AOR 14, 95% CI (2.7 - 75), p < 0.01] were inde-
pendent risk factors for contracting varicella. Prior history of varicella like illness
was an independent protective factor against contracting varicella [AOR 0.08,
95% CI (0.02 - 0.30), p < 0.01] (Table 3).
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Table 3. Independent factors associated with contracting varicella at a boarding school,
Chikomba, Zimbabwe, 2019.

Factor AOR 95% CI P value
Classmate contact 24 4.4-83 <0.01
Dormitory contact 14 2.7-75 <0.01
History of varicella like illness 0.08 0.02-0.3 <0.01

Knowledge of participants on varicella at a boarding school, Chikomba,
2019

Majority 22 (71%) of case and 49 (79%) of controls knew that varicella can be
transmitted by having a contact with a case. Twenty (65%) of cases and 46 (74%)
of controls knew measures to prevent themselves from contracting varicella. Less
than 50% of cases knew at least three signs and symptoms of varicella and im-
portance of completing varicella treatment course. All cases and controls knew
that they should visit the clinic if they suspect varicella infection. Overall, both
cases and controls were knowledgeable about varicella with the majority 15
(48%) of cases and 36 (58%) of controls rated as having good knowledge. There
was no significant difference in knowledge between cases and control (p = 0.83)
(Table 4).

4. Discussion

Our study highlights the epidemiological factors contributing to an outbreak of
varicella. A perfect setting for the spread of infection was available in the form of
students in a naive community living in close proximity, which lead to the rapid
transmission of the virus. In this study we found out that this was a propagated
type of disease spread which signifies person to person contact. Contact with a
dormitory mate, contact with a classmate, and sharing clothes were significant
risk factors for contracting varicella. History of varicella like illness prior to the
outbreak was a significant protective factor.

In our study, most cases were staying in rooms, which had 11 to 13 students.
According to the Zimbabwe education regulation statutory instrument 24 of
1980, each student in a dormitory should occupy a space area of 3.75 square me-
tres [11]. Students at the high school were overcrowded, each occupying an area
of 2.80 square metres. The illness was easily spread through sneezing and
coughing due to lack of social distance. This was consistent with a study by Ni-
chols, et al. (2011) were household size with mean population of 14.5 people was
considered as a risk factor for VZV transmission [12]. Schaftenaar et al (2014)
in South Africa reported that crowded living conditions were fuelling the spread
of VZV [7]. But in areas with lower mean household sizes, attendance at child-
care and school was documented as a much more important risk factor [13].
Most varicella cases mixed with other students in classes, dining and dormitories
during their illness. This also exacerbated the spread of the disease.

We also found out that history of varicella illness prior to the outbreak was a
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Table 4. Knowledge of participants on varicella, at a boarding school, Chikomba, Zimbabwe, 2019.

Knowledge attribute

Casesn =31 (%) Controlsn=62(%) P value

Varicella can be contracted by contact with a case Yes 22(71) 49 (79) 0.30
Knew at least 3 signs and symptoms of varicella Yes 11 (35) 36 (58) 0.04
Knew how to prevent self from contracting varicella Yes 20 (65) 46 (74) 0.35
Knew that completion of treatment course is important Yes 13 (42) 38 (61) 0.12
Knew what to do if suspecting varicella Yes 31 (100) 62 (100) -

Know > 3 knowledge attributes and rated as good Yes 15 (48) 36 (58) 0.83

protective factor. This is because after an infection the immune system will
mount a response through formation of antibodies. In our study, many controls
had previous history of varicella whereas less than a tenth of the cases had. This
was consistent with a study in Iran where 81% of those with a history of varicella
were seropositive while only 9% of those without a history were seropositive.
Children with a history of varicella had seropositivity of 39 times greater than
children without this history [14]. Hence, this current outbreak was easily con-
tained because of the possibility of many students being seropositive. In United
Arab Emirates, nearly half of children before 10 years old and 68% of 11 - 20
year-old individuals were seropositive [15].

Varicella is generally self-limiting and vesicles gradually develop crusts, which
disappear over a period of 7 - 10 days [3]. Management is therefore centred on
isolation of infected individuals [16]. The first case which occurred at the school
reported to the clinic 2 days after onset of symptoms and continued to be in
contact with other students. The outbreak could have been timely prevented if
the healthcare worker had isolated this index case when she presented for clini-
cal examination and treatment. Despite the school having reported an outbreak
on 16 February 2019, 14 students who were sick were not isolated and this ex-
acerbated the spread of the disease. Most cases were managed with chlopherni-
ramine, which is the antihistamine of choice according to guidelines. Antibiotics
should only be given to cases who will have developed superimposed bacterial
infection complications [17]. This was not observed in our study where none of
the cases had a complication but more than 70% of them received antibiotics
(amoxicillin).

More importantly, we found out that varicella cases did not develop any com-
plication and at the time of investigation more than half had already recovered.
Severe complications (mainly secondary bacterial complications, pneumonia
and encephalitis) are more frequent in adults, young infants, pregnant women,
immunocompromised persons, and those with congenital varicella [18]. All the
cases were of the 12 to 15 years age group, none had an immunosuppressive dis-
ease, and this might explain why we did not encounter any fatality or complica-
tions. In two studies that looked at varicella zoster virus causing complications,
the prevalence ranged from 0% in Malawi to 3.9% in Zambia [19] [20].

The absence of the varicella zoster vaccine in Zimbabwe put individuals at risk
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of contracting varicella. In this situation, it seems that the best strategy to control
the VZV infection is to offer the vaccine to particular at-risk population includ-
ing students and day-care personnel. This recommendation is in accordance to
the WHO statement for VZV immunization in developing countries, which pre-
fer the introduction of other new vaccines with much greater public health im-
pact, such as rotavirus, and pneumococcal vaccines, prior to introducing vari-

cella vaccine in routine childhood immunization programs [4].

5. Limitations

By asking questions concerning past events, we could have introduced recall and
social desirability bias. Recall bias might have led to overestimation or underes-
timation of the strength of associations between exposures and the outcome of
interest. We minimized recall bias by providing respondents adequate time to
think before responding to the questions and the use of a well-structured data
collection tool for both cases and controls. We minimized social desirability bias
by giving a brief history of the study so that the participants would not respond
in a socially desirable way. Due to lack of varicella PCR, confirmatory tests in
Zimbabwe some cases may have been misdiagnosed using the clinical criteria
leading to misclassification bias. This could have underestimated or overesti-

mated the measures of association.

6. Conclusion and Recommendations

The form ones in the 12 - 14 years age group were the most affected with vari-
cella at the boarding school. The significant risk factors for contracting varicella
were classmate contact, dormitory contact and sharing clothes. The outbreak
was clinically confirmed, and most of the cases presented with classical symp-
toms of varicella. Both cases and controls were knowledgeable about varicella.
However, the outbreak should have been contained if the index case and con-
tacts were isolated on identification. Establishment of a varicella surveillance
system and consideration of varicella vaccination could prevent similar out-
breaks in the future.

We recommended isolation and exemption of children with varicella from at-
tending school and mixing with others and discouragement of students from
sharing clothes. The school authorities were advised to allocate the recom-
mended 3.75 m? space per child in the dormitories. As a long-term recommen-
dation, varicella should be added to the weekly notifiable diseases list. A study
on varicella seropositivity among school-going children will guide varicella vac-
cination policy formulation.

Following this investigation, we sensitized school children and teachers on
risk factors of contracting varicella, performed active case finding at the school

and participated in the isolation of cases at the school.
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