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ABSTRACT

Background: Patients with cancer constitute a special group where immunization programs are often interrupted to
begin treatment with chemotherapy. Sepsis is one of the main complications in this group. Methods: A hospital-based
case-control study matched by age was carried out among subjects < 9 years of age with cancer diagnosis. Children
with cancer without sepsis and children with surgical pathology were included as controls; children with sepsis were
included as cases. A bivariate logistic regression was used to determine the factors associated to nosocomial sepsis, and
odds ratios were calculated with 95% confidence intervals. The percentage of attributable risk was calculated for the
variables included in the final model. Results: Nineteen children with cancer and sepsis and 83 controls were included.
Twelve (44%) cases had an incomplete vaccination schedule according to their age. The association force between in-
complete schedule and sepsis was 10.1 (95% CI, 3 - 36; p < 0.05). Conclusions. Approximately, 20% to 65% of the
cases of serious nosocomial infection can be associated to an incomplete vaccination schedule. Strategies should be
implemented to improve the general pediatric population’s vaccination status before a serious disease, such as cancer or
another chronic condition preventing the application of vaccines, develops.
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1. Introduction for transmission eventually arise again, and the popula-
tion is thus considered to be susceptible once more. This
scenario includes children with cancer who are immu-
nologically depressed due to chemotherapy. Effects on
the vaccination process entail the appearance of adverse
events due to the application of the immunogen and a
decreased protective response, all of which determines
the interruption of the schedule and enhances the deve-
lopment of serious infections [6,7].

One of the main complications of children with cancer
in the hospital setting is sepsis. It has been reported that
death due to this cause is five times higher in this popu-
lation than among hospitalized children without cancer.
Although neutropenia is considered the main factor fur-
thering serious infections, theoretically an inadequate

tis with the or.al vaceine [3,'5]' . . immunological memory due to an incomplete vaccina-
Thg op eratilongl pqpulathn and biological argument of tion schedule can enhance the acquisition of nosocomial
mass immunization is considered to be one of the most infections [8,9]

complex: Its effect reduces the numbers of basic micro-
bial reproduction, due to the impact on the agent’s trans-
missibility. However, if for whatever reason the immu-
nization schedule is interrupted, the original conditions

A country’s health programs should include sanitary
policies that address both infectious and non-infectious
diseases. This is normally achieved by adding actions ai-
med to decrease other ailments considered as public hea-
Ith issues to infectious diseases control strategies [1,2].
Policies comprised in the “universal vaccination sche-
dule” are considered the most successful health inter-
venetions worldwide, since they have shown to be deci-
sive elements in terms of the epidemiological change oc-
curred in recent years. Their impact is clearly made evi-
dent in the decrease of mortality due to acute diarrheal
disease after the anti-rotavirus vaccine was added, in the
eradication of smallpox and in the control of poliomyeli-

Sepsis is considered an important public health issue
since it constitutes one of the main causes of death among
critically ill patients [10]. In the United States, more than
500 thousand patients with sepsis have been reported an-
"Corresponding author. nually. There are approximately 250 thousand deaths
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[11], and the incidence is 3.0/1000 [12]. In Mexico, it ac-
counts for 13.8% of nosocomial infections, and the nu-
mber rises to 21.6% if cases of systemic candidiasis and
bacteremia are included [13,14]. According to the Health
Ministry in Mexico, leukemia is the most common can-
cer among children: There are 60 to 100 new cases per 1
million inhabitants per year (81.5% of which correspond
to acute lymphoblastic leukemia), and it is the second
cause of death among individuals between 1 and 14 years
of age [15,16] (Figure 1).

At our institution, we have recently established that
46% of children diagnosed with cancer start chemothe-
rapeutic treatment with an incomplete vaccination sche-
dule. We proposed to carry out an analysis of the patients
in order to determine the association between the incom-
plete vaccination schedule and nosocomial sepsis in this

group.

2. Material and Methods

Design: A hospital-based case-control study matched by
age was carried out taking into account four controls per
case. Subjects included nine-year-old or younger patients
with a variety of cancer diagnoses identified by crossing
the databases from the computing department and the
daily health reports from the department of pediatrics
(Table 1). Afterwards, the individual electronic clinical
records were reviewed to obtain demographic informa-
tion; clinical and laboratory data; results of blood, cere-
brospinal fluid and urine cultures, as well as to establish
the suspicion of sepsis during the first hospitalization
(induction chemotherapy). Following the same procedure,
the keys of the potentially surgical illnesses (cardiovas
cular and general surgery) were crossed and thus, the se-

lection of controls was carried out, according to age.

2.1. Selection of Participants (Cases and
Controls)

The inclusion of children (<9 years of age) ensured they

Table 1. General characteristics of the 46 cases of children
with cancer included.

Variable Patients with cancer

n=46
Average age (SD) 6.2 (4)
Sex n (%)
Feminine 21 (45.5)
Masculine 25 (54.5)
Type of cancer
Leukemia 30 (65)
Wilms tumor 6 (13)
CNS 6 (13)
Osteosarcoma 2(4)
non-Hodgkin lymphoma 24
Complete schedule 17 (36.9)
Incomplete schedule 29 (63.4)
Hospital stay/days 27.7
Confirmed sepsis 19 (41.3)
Hepatitis B vaccine applied 7(15.2)
Pentavalent vaccine applied 43 (93.4)
Rotavirus vaccine applied 7(15.2)
Pneumococcal vaccine applied 4 (8.6)
Influenza vaccine applied 8(17.2)
DPT vaccine applied 32 (69.5)
Triple viral vaccine applied 45 (97.8)

CNS = Central Nervous System; DPT = vaccine against diphtheria, pertussis
and tetanus; SD = Standard Deviation.
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Figure 1. Accumulated mortality ratein children from 0to 14 years of age in mexico from 2000 to 2008.
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were eligible to receive the vaccines from the institu-
tional schedule started in 2002. As from this date, hospi-
tals have had the electronic clinical record at their dis-
posal.

Patients considered as cases included children with
confirmed sepsis by isolation of a microorganism in blood
culture or in a sterile tissue. Patients considered as con-
trols were children with cancer without sepsis and hospi-
talized children with cardiovascular or general surgery
(common conditions in the hospital) with hospital stays
at least 72 hours long and no report of sepsis (Figure 2).

The controls offered logistic advantages during enrol-
Iment: 1) Controls with cancer and not corroborated sep-
sis confer two factors: the tumor activity of cancer and
the clinical behavior due to chemotherapy, which in many
cases can make the clinician suspect that the child is in-
fected, but it is not corroborated by cultures; 2) Surgical
cases with no data pointing to infection decrease the risk
of misclassifying the child with cancer and suspicion of
sepsis, where the gold standard (hemocultures) has 40 to
60% sensitivity.

2.2. Strategy to Deter mine the Patients
Vaccination Status

It was established by means of a copy of each indivi-
dual’s national vaccination card taken from their file or
by asking the social worker or attending physician to fax,
scan or email the copy.

2.3. Operational Definitions

We considered the following definitions:
1) Not confirmed sepsis [17]: Patient with cancer, hos-

pitalized at least during 72 hours, with fever over 38 de-
grees C or febricula between 37.5 and 37.9 degrees C at
least twice during 24 hours that deserved sampling of
blood, urine and/or cerebrospinal fluid with a negative
report with respect to bacterial or mycotic growth.

2) Corroborated nosocomial sepsis [18]: Same as pre-
vious one, but with a positive result with respect to a
pure strain of a microorganism.

3) Incomplete vaccination [19]: Vaccination schedule
lacking the application of at least one of the vaccines
contemplated in the institutional card.

2.4. Sensitivity Analysis

We took into account some possibilities of bias: We tried
to correct the low sensitivity of the blood culture as the
patients’ classifying datum by including children with
some evidence of an active infectious process, such as
abscesses in sterile sites. [17] Additionally, we establi-
shed the percentage of vaccination compliance in both
groups (septic vs not septic). Since the vaccination sche-
dules displayed modifications from one year to another,
we attempted to decrease the temporality bias by carry-
ing out a matching by age, which ensured that both (ca-
ses and controls) were exposed to the same vaccination
schedule, the same epidemiologic conditions and the
same management at the hospital, including care by-
nurses and physicians as well as existing standard treat-
ments; all this amounts to exposure to the same known
risk factors for the development of nosocomial infec-
tions.

A secondary analysis that established the percentage of
immunogens administered to the subjects was also car-

Children with cancer
(63 eligible children)

Not corroborates
sepsis (27 met criteria)

Children with surgical
pathology (56 out of]

Corroborated sepsis
(19 met criteria)

| Cases |

|

Complete schedule Incomplete schedule

(71) (12)

115 eligible children)

Controls (83)

Complete schedule Incomplete schedule

(7) (12)

Figure 2. Decision pattern for the inclusion and study of cases and controls.
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ried out.

2.5. Statistical Analysis

The categorical variables were compared using a chi-
squared test, and the normal distribution of the continu-
ous variables by means of a Student’s t test. Additionally,
bivariate and multivariate logistic regressions were used
to determine the factors associated to nosocomial sepsis,
and the odds ratio was calculated with confidence inter-
vals of 95%. The percentage of attributable risk was cal-
culated for the variables included in the final model.

Programs EPI Info (version 3.5.3) and SPSS (version
10) were used for the statistical analysis.

2.6. Ethics

The study was approved by the institutional research and
ethics committee.

3. Reaults

Nineteen children with cancer and confirmed sepsis were
included: 15 with hemocultures, two with abscess cul-
tures by aspiration puncture and two with urinary cul-
tures.

Furthermore, 27 children with cancer and negative cul-
tures for microbial growth and 56 hospitalized subjects
with cardiovascular or general surgery without data of
systemic inflammatory response, due to which no cul-
tures were requested, were included. Vaccination history
was confirmed by means of all the patients’ vaccination
cards.

Out of the 19 cases, 14 (73.6%) had isolation of gram-
negative bacilli; three (15.7%) of gram-positive cocci,
and two (10.5%) were positive for yeast. Median age was
six years (range: 10 months-9 years).

Among patients considered as cases, 12 (63%) had an
incomplete vaccination schedule according to their age;
eight (66%) lacked at least one dose of one of the im-
munogens recommended in their card, and four (44%)
lacked more than one vaccine. Among the controls, 12
(14%) had a complete vaccination schedule.

Through the bivariate analysis, it was found that, be-
sides an incomplete vaccination schedule, the presence of
neutropenia and the prolonged use of parenteral nutrition
are the factors most strongly associated to nosocomial
sepsis. Among them, the highest risk was displayed among
patients with an incomplete vaccination schedule: OR =
10.1 (95% IC, 3 - 36; p < 0.05) (Table 2). The multivari-
ate analysis was not deemed necessary, due to the mini-
mum quantity of variables with significance, all of them
known risk factors for sepsis.

4. Discussion

Some studies have addressed the issue of immunization
against infectious agents among children with cancer. In
this population, the vaccination schedule is interrupted
during oncological treatment due to the complications
that are likely to arise when live or attenuated microor-
ganisms are applied to an immunocompromised patient
[8,9].

The most recent recommendations have been issued by
the American Academy of Pediatrics (AAP) and the Cen-
ters for Disease Control and Prevention (CDC). Even in
this scenario, the protective effectiveness of the vaccines
might be affected [20,21].

The association of an incomplete vaccination schedule
with specific infectious events, such as nosocomial sepsis,
deserves particular considerations:

The immunodeficient status of the host, particularly
due to neutropenia,is a factor that is acknowledged as an

Table 2. Bivariate analysis of the variables studied in all of the children included.

Variable Casos n=19 Controls n= 83 OR (95% CI) P RR AP
Sex Masculine 11 38 1.6 (0.5-5) 0.3 2.6 0.37
Maternal age < 18 years 0 11 - - - -
Prophylactic antibiotic 3 56 0.09 (0.02 - 0.37) 0.00003 - -
Stay > 14 days 18 76 1.6 (0.17 - 38) 0.6 9.7 0.37
Neutropenia 10 11 7.2 (2.1-25) 0.0001 1.8 0.86
Catheter > 14 days 13 65 0.60 (0.18 - 2) 0.26 0.87 0.01
Steroids 15 68 0.83(02-3.4) 0.76
TPN > 14 days 13 29 4.0(1.2-13) 0.007 1.9 0.75
Incomplete schedule 12 12 10.1 (3 -36) 0.000006 43 0.91
AP = Attributable Proportion (OR — 1/OR); RR = Risk Ratio; TPN = Total Parenteral Nutrition.
Copyright © 2013 SciRes. WJIV
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enhancer for the development of serious infections. Ne-
vertheless, humoral immunity has barely been addressed
since its relation seems remote [22-24]. This study con-
stitutes a merely associative—not causal—approach to
considering the benefit of applying broad vaccination
schedules to prevent diseases that are considered to be
serious in a hospital setting. This is particularly so when
it is established that the microorganisms causative of no-
socomial sepsis are mostly different from those consi-
dered in the official vaccination schedules [25,26].

An incomplete vaccination schedule can be considered
as a risk factor along with others that have been de-
scribed as partially responsible for the loss of the oppor-
tunity to prevent infections, such as maternal unemploy-
ment or the health staff failing to ask about the vaccina-
tion schedule [27,28].

Our findings basically suggest that a percentage of the
cases of nosocomial infection in our studied population-
are strongly associated to an incomplete vaccination
schedule prior to the outset of chemotherapy (66% accor-
ding to the rate of attributable risk). The reasons are simi-
lar to those related to factors which are not argued about
currently, such as neutropenia.

The study’s main limitations include the fact that most
likely the studied population should be increased. More-
over, the way in which the information was obtained, by
referring to the clinical records, leaves the possibility
open for information that cannot be corroborated a poste-
riori.

Our results point to the fact that although we were deal-
ing with a captive population, there are still cases in which
vaccination compliance is low. This condition continues
once the oncological diagnosis is established and the vac-
cines cannot be applied.This issue is far from being the
oncologist’s or the hematologist’s responsibility; rather it
should be taken into account by the first contact physi-
cians who are in charge of monitoring the patient’s health
status, including the vaccination schedule. If this were
the case, the percentage of compliance would certainly
improve dramatically.

5. Conclusions

Approximately from 20% to 65% of the cases of serious
nosocomial infection could be associated to an incom-
plete vaccination schedule. Other factors might be added
to this, such as the use of catheters and a prolonged hos-
pital stay.

Although the microorganisms found are not precisely
the ones that are covered by the vaccination schedule, the
association reflects that a good immunological status—
both cellular and humoral—constitutes a factor that could
protect against the development of serious infections in
immunodepressed children with cancer. Strategies should
be designed to improve the vaccination status of the ge-

Copyright © 2013 SciRes.

neral pediatric population before children become seri-
ously ill with cancer or with another chronic condition
that would preclude the application of vaccines. In ac-
cordance with world trends, recommendations made by
international organizations on vaccination schedules and
immunogen management in cancer patients should be
reviewed, and some issues might be adapted to our par-
ticular environment.
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