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Background:  Clinical  severity  scoring  systems  are  used  in  rotavirus  vaccine  efficacy  and  effectiveness  stud-
ies  to define  the  primary  endpoint,  severe  rotavirus  gastroenteritis  (RVGE).  Understanding  how  scoring
systems  perform  in  diverse  settings  is critical  for  proper  design  and  interpretation.  This investigation  aims
to understand  how  the Vesikari  scoring  system  (VSS)  and  Clark  scoring  system  (CSS)  categorize  severe
disease  among  children  under  2 years  of age  using  data  from  two  Phase  III  efficacy  trials  conducted  in
five  developing  countries  in  Africa  and  Asia.
Methods: Signs  and  symptoms  were  collected  on  trial participants  who  presented  to  a  medical  facility
with  study-defined  gastroenteritis.  Severity  scores  were  calculated  using  pre-established  VSS and  CSS
criteria and  compared  to identify  differences  in the  proportions  of severe  RVGE  within  regions  and  sites,
and  by  gender  and  age.
Results:  In  Africa  and  Asia,  40.6%  and  56.0%  of  rotavirus-positive  episodes  were  severe  according  to the
VSS,  while  9.5%  and  6.3%  of  episodes  were  severe  according  to the  CSS  (Fisher’s  Exact,  p ≤  0.001).  Using
the mean  scores  in these  trials  (VSS:  ≥10  Africa,  ≥11  Asia;  CSS:  Africa  and  Asia  ≥10)  as  the  severity
thresholds,  agreement  between  scoring  system  severity  classifications  improved  substantially  within
each  region  (Africa:  kappa  =  0.67;  Asia:  kappa  =  0.78)  as compared  to  the  original  severity classification
(Africa:  kappa  =  0.27;  Asia:  kappa  =  0.10).  Using  the  mean  score,  17.1%  and  9.5%  of  severe  VSS  cases  in

Africa  and  Asia,  respectively,  were  classified  as  not  severe  according  to  the CSS and  14.7%  and  9.5%  of
severe CSS  cases  in  Africa  and  Asia  were  classified  as not  severe  according  to the  VSS.
Conclusion:  The  two  scoring  systems  performed  differently  among  developing  country  populations  in
Africa and  Asia,  with  the VSS  classifying  more  cases  as  severe  in both  regions.  One  accurate  and  reli-
able scoring  system  should  be  developed  and  implemented  for all trials  so  that  results  may  be more

comparable.
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1. Introduction

The introduction of rotavirus vaccines, provided in infancy,
should have a major impact on rotavirus gastroenteritis (RVGE)
among developing country populations in Africa and Asia [1];  5%
of all-cause under-5 child mortality and up to 36% of under-5 gas-
troenteritis hospitalizations across the globe could be prevented
by using rotavirus vaccines [2–5]. Recently published results from
three developing country trials testing the efficacy of the two
World Health Organization (WHO) pre-qualified rotavirus vaccines

(human rotavirus vaccine [HRV] and pentavalent rotavirus vac-
cine [PRV]) demonstrated that, although efficacy estimates were
lower than for developed countries, the absolute reduction in
RVGE incidence due to these vaccines in these populations was

dx.doi.org/10.1016/j.vaccine.2011.07.126
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:klewis@path.org
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Table 1
Vesikari and Clark clinical severity scoring systems.

Symptoms Vesikari et al. points Clark et al. points

0 1 2 3 1 2 3

Diarrhea
No. stools/day N/A 1–3 4–5 ≥6 2–4 5–7 >7
Duration (days) N/A 1–4 5 ≥6 1–4 5–7 >7

Vomiting
No.  emesis/day 0 1 2–4 ≥5 1–3 4–6 >6
Duration (days) N/A 1 2 ≥3 2 3–5 >5

Temperature
Rectal  temperature (◦C) <37 37.1–38.4 38.5–38.9 ≥39 38.1–38.2 38.3–38.7 ≥38.8
Temperature duration

(days)
N/A N/A N/A N/A 1–2 3–4 ≥5

Behavior
Dehydration None N/A 1–5% ≥6% N/A N/A N/A
Behavioral symptoms N/A N/A N/A N/A Irritable/

less playful
Lethargy/
listless

Seizures

Duration  (days) N/A N/A N/A N/A 1–2 3–4 ≥5
Treatment None Rehydration Hospitalization N/A N/A N/A N/A

Severity rating scales Mild <7 Moderate 7–10 Severe ≥11 Max
score 

Mild 0–8 Moderate 9–16 Severe ≥17 Max
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ote. Table adapted from rotavirus clinical trials utilizing the Clark and Vesikari clin

ubstantial [6–8]. While not designed for such an analysis, the
esults of these clinical trials suggested a trend towards increas-
ng efficacy with increasing episode severity [6–9]. The results
f these studies informed the WHO  recommendation to include
otavirus vaccines in the national immunization programs of all
ountries [10].

Phase II and Phase III trials are currently underway or being
lanned to evaluate new rotavirus vaccine candidates [11]. More-
ver, following vaccine introduction into countries, post marketing
urveillance studies can help monitor the effectiveness of routine
accine use [5,11–13]. For developing countries, the main outcome
f public health interest will be severe RVGE, in addition to safety
6–8,14,15]. Thus, for optimal study design and interpretation, as
ell as in potential future studies examining the benefits of thera-
eutic interventions like probiotics [16], it is important to improve
nderstanding of how rotavirus clinical severity scoring systems
sed for measuring RVGE severity compare and perform in diverse
ettings.

Two main RVGE clinical severity scoring systems, the Clark
coring system (CSS) and the Vesikari scoring system (VSS), first
eveloped for use in developed country settings [17–20],  have been
sed in developing country rotavirus vaccine efficacy and effective-
ess studies [6–8,14,15].  The scoring systems have different point
preads and contain different categorical and continuous signs and
ymptoms (i.e. items) for measuring severe RVGE (Table 1). The CSS
ncludes a maximum of 24 points, with scores between 17 and 24
lassified as severe (33.3% of the point spread). In contrast, the VSS
ncludes a maximum of 20 points, with scores between 11 and 20
lassified as severe (50.0% of the point spread).

Both scoring systems assess the magnitude and duration of vom-
ting and diarrhea and the maximum temperature. The CSS also
ssesses the magnitude and duration of behavioral symptoms and
he duration of a temperature greater than 38.0 ◦C, while the VSS
lso assesses dehydration by measuring acute weight loss, although
t is now common for studies to assess dehydration using WHO
ntegrated Management of Childhood Illness (IMCI) dehydration
riteria [21], and treatment (i.e. rehydration or hospitalization). The
ategorical items in both scoring systems are assigned point scores
anging from 1 to 3. Similarly, the continuous variables are clas-

ified into categories that are also assigned point scores, with an
ncreasing point score indicating increasing severity of that item
Table 1). With the exception of dehydration and treatment in the
SS, which have two possible scores, all scoring system items have
20 score 24

coring systems [17,18,20].

three possible scores (i.e. 1, 2, or 3). The use of different point
assignments and thresholds for assigning categorical scores (e.g.
VSS temperature ≥37.1 ◦C, CSS ≥38.1 ◦C), as well as overall scales
(i.e. 20-point VSS, 24-point CSS scales) indicate that the two  scor-
ing systems do not generate identical individual scores [17–20,22].
Additional information regarding the development and use of these
scoring systems is provided by Ruuska and Vesikari [20] and Clark
et al. [17].

Recently, Givon-Lavi et al. [23] highlighted the differences
between the CSS and the VSS when used in an observational
prospective hospital-based surveillance study among children less
than 5 years of age in southern Israel, concluding that the two
scoring systems were not comparable in that population, and that
efficacies against severe RVGE cannot be directly be compared
between trials using different scoring systems, especially with dis-
similar study designs and locations. However, a comparison using
clinical trial data has not been previously described. The severity
of RVGE was  measured using both the modified VSS and CSS using
data collected in the recent large Phase III clinical efficacy trials of
PRV among developing country populations less than 2 years of age
in Africa and Asia [7,8]. In order to determine how the two  scoring
systems performed in these trials, we compared the VSS and the
CSS post-hoc as used in these two  trials.

2. Materials and methods

Two multi-center, double-blind, placebo-controlled, random-
ized trials were conducted in five developing country sites using a
common protocol and data collection forms from March 29, 2007, to
March 31, 2009, to assess efficacy of three doses of PRV (RotaTeqTM:
Merck, Whitehouse Station, NJ, USA) against severe RVGE in infants
less than 2 years of age [7,8]. Participating sites were located in rural
Kassena-Nankana district, Ghana; rural Karemo division, Siaya dis-
trict, Nyanza province, Western Kenya; urban Bamako, Mali; rural
Matlab, Bangladesh; and urban and periurban Nha Trang, Vietnam.
The design and efficacy results of these trials have been previously
reported [7,8].

In summary, participants were randomly assigned to receive
three doses of PRV or placebo in a 1:1 ratio at approximately 6,

10 and 14 weeks of age. Following the first dose of study vac-
cine, participants were visited at home at least monthly by field
workers through up to 24 months of age to remind parents to
present to a study medical facility if their child experienced an
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pisode of acute gastroenteritis (AGE; defined as 3 or more looser-
han-normal stools and/or forceful vomiting within a 24-h period).

 common study protocol, symptom collection standard operat-
ng procedure (SOP), and data collection forms were used across
ll study sites. At the medical facility, signs and symptoms (i.e.
hose items contained within the VSS and CSS) from the start of
he episode through discharge were collected by a trained study
linical staff (Table 1). Because the scoring systems require cap-
ure of signs and symptoms since the beginning of an episode, the
nformation collected by study clinical staff was based on a com-
ination of parental recall of symptoms before presentation and
linical staff examination and parental recall while at the medi-
al facility. In previous trials [6,24],  diary cards were provided to
arents at enrollment so that they could record AGE symptoms of
nrolled children if an episode occurred after vaccination. However,
n these trials, parental diary cards were not utilized due concerns
hat limited literacy in certain trial sites would prevent accurate
ata collection.

In these trials, the VSS was modified in three ways. First, the
core for “treatment” was modified from responses of “Hospitaliza-
ion (score = 2)” and “Rehydration (score = 1)” in the original VSS to
he revised “hospitalized or received IV rehydration (score = 2)” and
received oral rehydration medication (score = 1)”, respectively.
econdly, dehydration was measured using the WHO  IMCI dehy-
ration criteria, rather than based on measuring acute weight loss.
he guidelines include clinical signs that are used to evaluate the
evel of dehydration in children: appearance, sunken eyes, thirst,
kin pinch and respiration. Although guidelines no longer advo-
ate use of respiration, this parameter was included in this study
ince it was of historical importance in previously reported WHO
ssessments of dehydration. Finally, an axillary temperature was
easured and this was converted to rectal during analysis.
Unlike in the previously reported efficacy analyses [7,8], this

ost-hoc investigation to compare the VSS and CSS utilized all
otavirus AGE episodes (mostly wild-type) with a subsequent
otavirus-positive stool sample occurring at anytime following
tudy vaccine Dose 1, regardless of whether the episode occurred
4 days following study vaccine Dose 3 or the participant received
ll study vaccinations, and included all (multiple) episodes for each
tudy participant. Scores for the VSS and CSS were calculated by
pplying a uniform computer program code across all episodes in
he dataset.

Because the trials were originally planned and conducted as
wo regional trials in Africa and Asia, this analysis focused on each
egion separately, with sub-analyses conducted by site. Within
ach region the two clinical scoring systems were compared similar
o what was done by Givon-Lavi et al. [23] and Ruuska and Vesikari
20]. Demographic and clinical information such as site (i.e. coun-
ry), gender, hospitalization status (i.e. hospitalization or receipt of
V therapy), and age was compared between each scoring system
or rotavirus and non-rotavirus gastroenteritis cases. Mean scores
nd proportions of participants meeting severe criteria according
o each scoring system were calculated. To demonstrate the dif-
erences between each item score for the two  scoring systems,
he item scoring distributions for each sign/symptom commonly
ncluded in the clinical scoring systems were compared and the VSS
o CSS ratio of the numbers of participant episodes with each item
oint score calculated. Chi-Square or, when appropriate, Fisher’s
xact tests, Student’s t-tests, or ANOVAs were used to test for sta-
istical significance of contingency tables and continuous variables,
espectively.

The scoring system severity classifications were compared

etween the VSS and the CSS based on the “original” and two
modified” severity classifications. The original classification is
ased on the mild, moderate, and severe cut points historically
sed for defining severity; VSS: <7 mild, 7–10 moderate, and ≥11
0S (2012) A159– A166 A161

severe, CSS: <9 mild, 9–16 moderate, and ≥17 severe. The origi-
nal classification is based on consistency with the original severity
classification method used by Ruuska and Vesikari [20], where the
threshold was selected as the mean score (i.e. severe ≥11), also cor-
responding to the median score in the scoring distribution for this
study. Modified classifications were also used in this study. One
modified classification used the mean VSS severity score observed
among rotavirus-positive participants in these trials in Africa (≥10)
and Asia (≥11) as the severity threshold and compared these to a
CSS severity threshold based on the mean in each region (Africa
and Asia: ≥10). A second modified classification comparison set the
severity threshold at the median of the scoring distribution (VSS:
≥11/20 points; CSS ≥13/24 points). The degree of severity classifi-
cation agreement between the two scoring systems for the original
and modified classifications was determined using Cohen’s kappa
for non-unique raters with a kappa greater than 0.60 identified as
at least good agreement [25]. All analyses were completed using
Intercooled Stata 11.1 for Windows (Version 11.1 College Station,
TX; StataCorp LP; 2011).

3. Results

In Africa and Asia, of 3814 and 906 participants, respectively,
with stool specimen results and clinical data, approximately 14.7%
(559/3814) and 22.8% (207/906) of AGE episodes, respectively,
were rotavirus-positive; 16.3% (139/854) in Ghana, 11.6% (50/430)
in Kenya, 14.6% (370/2530) in Mali, 22.0% (166/753) in Bangladesh,
and 26.8% (41/153) in Vietnam. In Africa, approximately 66%
(370/559) of the rotavirus-positive cases were from Mali, 25%
(139/559) from Ghana, and 9% (50/559) from Kenya. In Asia, 80%
(166/207) of rotavirus-positive cases were from Bangladesh and
20% (41/207) from Vietnam. Less than 5% of participants experi-
enced more than one rotavirus-positive episode (i.e. two or three
episodes).

Overall, VSS and CSS mean scores within each region and each
scoring system were significantly higher for RVGE cases as com-
pared to non-rotavirus GE cases (Africa: VSS, 10.1 vs. 7.5; CSS, 9.9
vs. 7.2; Asia: VSS, 10.9 vs. 7.8; CSS, 10.3 vs. 7.1; p-value ≤ 0.001).
Proportionally more rotavirus-positive episodes were captured in
Africa as compared to Asia, but, based on similar distributions
between regions, participant episodes were just as likely to receive
a severe score in Asia as they were in Africa for the CSS, but not
the VSS (Fig. 1, Table 2). When compared within gender and age,
the mean VSS and CSS for rotavirus-positive episodes did not dif-
fer statistically, while within hospitalized cases and site there was
a significant difference (Table 2). The Mali site had a lower mean
score for both the VSS and the CSS than the other sites. The mean
score for hospitalized cases was  lower for both the VSS and CSS in
Asia as compared to Africa.

Among the five common items contained within both scoring
systems, the VSS provided proportionally higher scores for each
item in Africa and Asia as compared to the CSS, with the exception
of temperature (Table 3). The VSS to CSS ratio of the number of
gastroenteritis episodes with an item score of 3 was  greater than
1.0 for every scoring system item, except maximum temperature,
indicating that it was easier to gain a higher item score for these
symptoms using the VSS. This is consistent with how the scoring
system would have been expected to perform given that, in the
VSS, a value of 3 is reached with a lower frequency of episodes or
number of days of duration (Table 1).

The CSS and VSS did not result in uniform categorization

of severe gastroenteritis among rotavirus-positive gastroenteri-
tis episodes in either trial. Using the traditional definitions for
severity, within Africa and Asia, respectively, 40.6% (227/559) and
56.0% (116/207) of rotavirus-positive episodes, respectively, were
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ig. 1. Vesikari and Clark scoring system distributions among rotavirus-positive 

lue  line = median scoring distribution for CSS (≥13 Clark); maroon bars/dark blue 

istribution did not change from the original classification (i.e. Vesikari Asia all cut

dentified as severe according to the VSS (≥11), while only 9.5%
53/559) and 6.3% (13/207) of episodes were identified as severe
y the CSS (≥17) (Fisher’s Exact, p ≤ 0.001) (Table 4). This pattern

emained across sites, gender and age group.

The results in Table 5 demonstrate poor agreement in cate-
orizing severe gastroenteritis between the two scoring systems
hen using the original severity classifications, but that agreement

able 2
ean (±SD) scores among rotavirus-positive gastroenteritis episodes by region, site, gen

Scoring system Mean score (±SD)

Region Africa (n = 559) Asia (n = 207)
Vesikari* 10.1 (4.0) 10.9 (3.5)
Clark 9.9 (4.6) 10.3 (4.0)

Site Bangladesh (n = 166) Vietnam (n = 41)
Vesikari* 10.8 (3.2) 11.3 (4.4) 

Clark* 10.4 (4.1) 10.0 (3.6) 

Gender Male (n = 413) Female (n = 353)
Vesikari 10.5 (3.9) 10.2 (3.8)
Clark 10.2 (4.5) 9.8 (4.4)

Age  (months) <6 (n = 76) 6–11 (n = 225) 

Vesikari  9.8 (4.5) 10.5 (3.9) 

Clark  9.0 (5.2) 10.3 (4.4) 

Hospitalized cases, by region Africa (n = 151) Asia (n = 136)
Vesikari* 14.8 (2.8) 12.5 (2.9)
Clark* 14.7 (3.9) 11.9 (3.7)

* Comparison between means: p ≤ 0.01 between the VSS or CSS between regions, sites,
es by trial. Orange line = mean score in this trial (≥10 CSS and VSS Africa); light
riginal severity scoring classification (≥11 Vesikari, ≥17 Clark). Where the scoring

ere based on a score ≥11), only a dark blue line is shown.

improves substantially when using modified severity classifica-
tions. When using the original scoring classification, every episode
categorized as severe according to the CSS was also classified as

severe according to the VSS; 76.7% (174/227) and 88.8% (103/227)
of severe VSS in Africa and Asia, respectively, were identified as
not severe according to the CSS. When a modified scoring clas-
sification based on the mean scores (VSS: ≥10 Africa, ≥11 Asia;

der, age, and hospitalized cases according to scoring system.

 Ghana (n = 139) Kenya (n = 50) Mali (n = 370)
11.7 (4.0) 10.9 (5.0) 9.4 (3.6)
12.2 (4.1) 10.4 (6.1) 8.9 (4.2)

12–17 (n = 343) 18–23 (n = 119) ≥24 (n = 3)
10.5 (3.8) 9.9 (3.6) 10.3 (2.9)
10.3 (4.4) 9.3 (4.2) 9.3 (2.5)

 or hospitalized cases.
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Table  3
Comparison of each item score for the Clark and Vesikari scoring systems among rotavirus-positive gastroenteritis episodes.

Item score (n (%))

Africa (n = 559) Asia (n = 207)

VSS CSS Ratio (VSS/CSS) VSS CSS Ratio (VSS/CSS)

Looser than normal stools duration*

0 42 (7.5)** 47 (8.4) 0.89 1 (0.5) 2 (1.0) 0.50
1  416 (74.4) 424 (75.9) 0.98 166 (80.2) 165 (79.7) 1.00
2 34 (6.1) 69 (12.3) 0.49 14 (6.8) 34 (16.4) 0.41
3 67 (12.0) 19 (3.4) 3.53 26 (12.5) 6 (2.9) 4.33

Maximum number of looser than normal stools*

0 42 (7.5) 47 (8.4) 0.89 1 (0.5) 2 (1.0) 0.50
1  144 (25.7) 265 (47.4) 0.54 14 (6.8) 30 (14.5) 0.47
2  234 (41.9) 197 (35.3) 1.19 40 (19.3) 64 (30.9) 0.63
3 139 (24.9) 50 (8.9) 2.78 152 (73.4) 111 (53.6) 1.37

Vomiting duration*

0 98 (17.5) 200 (35.8) 0.49 47 (22.7) 108 (52.2) 0.44
1  102 (18.3) 149 (26.6) 0.68 61 (29.5) 49 (23.7) 1.24
2  149 (26.6) 185 (33.1) 0.81 49 (23.7) 41 (19.8) 1.19
3 210 (37.6) 25 (4.5) 8.40 50 (24.1) 9 (4.3) 5.56

Maximum number of vomiting episodes*

0 98 (17.5) 98 (17.5) 1.00 47 (22.7) 47 (22.7) 1.00
1  41 (7.3) 200 (35.8) 0.21 17 (8.2) 60 (28.9) 0.28
2  242 (43.3) 201 (36.0) 1.20 68 (32.9) 50 (24.2) 1.36
3 178 (31.9) 60 (10.7) 2.96 75 (36.2) 50 (24.2) 1.50

Maximum temperature (◦C)*

0 12 (2.2) 222 (39.7) 0.05 2 (1.0) 22 (10.7) 0.09
1  327 (58.5) 58 (10.4) 5.64 93 (44.9) 40 (19.3) 2.32
2  104 (18.6) 128 (22.9) 0.81 52 (25.1) 70 (33.8) 0.74
3  116 (20.7) 151 (27.0) 0.77 60 (29.0) 75 (36.2) 0.80
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* Fisher’s Exact significant at ≤0.001 within each region.
** 40/42 cases with a VSS score of 0 for the number of looser-than-normal stools w

SS: Africa and Asia ≥10) is used, the proportion of severe VSS
ases classified as not severe by the CSS was reduced to 17.1%
49/287) in Africa and to 9.5% (11/116) in Asia, with 14.7% and
.5% of CSS severe cases in Africa and Asia, respectively, classified
s not severe according to the VSS. As compared to the original
lassification, when the modified scoring classification based on a
hreshold set at the median of the scoring distribution (VSS: ≥11;
SS ≥13) was used, the proportion of severe VSS cases classified
s not severe by the CSS was reduced to 35.7% (81/227) in Africa
nd 48.3% (56/116) in Asia, with 5.8% (9/155) and 3.2% (2/62) of CSS
evere cases in Africa and Asia, respectively, classified as not severe
ccording to the VSS. Notably, while there were still differences in
evere gastroenteritis categories when using either of the modified
lassifications, the agreement between the two  scoring systems
mproves substantially as compared to the original severity classi-
cation; from kappa = 0.27 and kappa = 0.10 in Africa and Asia using
he original severity classifications to kappa = 0.68 and kappa = 0.78
sing the mean score modified classification and kappa = 0.65 and
appa = 0.47 using the median of the scoring distribution modified
lassification.

. Discussion

In these randomized, controlled efficacy trials of PRV in low-
esource settings in Africa and Asia, the VSS and CSS performed
ifferently, with the VSS classifying more cases as severe in both
egions. Using the VSS as compared to the CSS resulted in approxi-
ately four and nine times the number of severe cases in Africa and
sia, respectively (Table 4). These results are consistent with those

dentified by Givon-Lavi et al. [23] in a study conducted using a dif-
erent design – a prospective hospital-based observational study –

nd among a different population – children less than 5 years of
ge in Israel.

The developing country trials of PRV, analyzed here, relied on
ctive collection of symptom data from the beginning of an episode
rom Mali, see explanation in Section 4.

using parental recall at the time of presentation to a clinic and a
combination of clinical staff examination and parental recall to col-
lect symptoms from clinic presentation through discharge. Thus,
the general similarities in findings to the Givon-Lavi et al. are par-
ticularly interesting, given that their study collected severity score
information based on a reporting system in which completion of
symptom collection occurred 8 days following the initial assess-
ment based on parental recall and review of the medical chart.
However, the relative proportions of severe cases captured using
the CSS as compared to the VSS in the Givon-Lavi et al. study were
somewhat lower than in this Africa study. This may  be due to the
fact that the CSS relies more on symptom duration for scoring than
the VSS, and the full duration of symptoms may  have been more
difficult to capture using the reporting system in the Givon-Lavi
et al. study.

Our findings suggest that the differences in severity score clas-
sification are at least partially due to the severity threshold chosen.
To be categorized as severe using the CSS, one needed a value in the
upper-third of all possible total values (17 points or higher out of a
possible 24), while in the VSS on needed a value in upper half of all
possible values (11 points or higher out of a possible 20). For this
reason, the VSS more frequently scores gastroenteritis episodes as
severe as compared to the CSS. By setting the severity thresholds
at different points along the two scales in this investigation, the
degree of inconsistency in severity classifications was  reduced. As
presented, when the severity threshold for the CSS and VSS was
set equivalent to the mean score observed in these trials, similar
to the threshold used in the development of the VSS [20], fewer
cases identified as severe according to the VSS were identified as
not severe according to the CSS in Africa and Asia. When the sever-
ity threshold for both scoring systems was set at the median of

the distribution, the number of severe VSS cases classified as not
severe by CSS increased as compared to the mean severity thresh-
old, although was  reduced as compared to the original severity
classifications. This increase in severity classification agreement
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Table 4
Severity classification by scoring system among rotavirus-positive gastroenteritis
episodes.

Vesikari scoring
system (≤10 not
severe, ≥11 severe)

Clark scoring system, n (%)

Not severe (≤16) Severe (≥17)

Region
Africa*

Not severe 332 (100.0) 0 (0.0)
Severe 174 (76.7) 53 (23.4)

Asia*

Not severe 91 (100.0) 0 (0.0)
Severe 103 (88.8) 13 (11.2)

Site
Ghana*

Not severe 53 (100.0) 0 (0.0)
Severe 63 (73.3) 23 (26.7)

Bangladesh*

Not severe 75 (100.0) 0 (0.0)
Severe 80 (87.9) 11 (12.1)

Kenya*

Not severe 26 (100.0) 0 (0.0)
Severe 15 (62.5) 9 (37.5)

Mali*

Not severe 253 (100.0) 0 (0.0)
Severe 96 (82.1) 21 (17.9)

Vietnam
Not  severe 16 (100.0) 0 (0.0)
Severe 23 (92.0) 2 (8.0)

Gender
Male*

Not severe 218 (100.0) 0 (0.0)
Severe 154 (79.0) 41 (21.0)

Female*

Not severe 205 (100.0) 0 (0.0)
Severe 123 (83.1) 25 (16.9)

Age
<6  months*

Not severe 48 (100.0) 0 (0.0)
Severe 19 (67.9) 9 (32.1)

6–11  months*

Not severe 112 (100.0) 0 (0.0)
Severe 93 (82.3) 20 (17.7)

12–17 months*

Not severe 186 (100.0) 0 (0.0)
Severe 126 (80.3) 31 (19.8)

18–23 months*

Not severe 76 (100.0) 0 (0.0)
Severe 37 (86.1) 6 (13.1)

≥24  months
Not severe 1 (100.0) 0 (0.0)

b
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Table 5
Agreement between scoring system severity classifications among rotavirus-
positive gastroenteritis episodes (mild, moderate, severe).

Clark Severity Scale Vesikari Severity Scale

<11 (not severe) ≥11 (severe) Total

Original classificationa

Africa
<17 (not severe) 332 174 506
≥17  (severe) 0 53 53
Total 332 227 559

kappa = 0.27; p ≤ 0.001
Asia

<17 (not severe) 91 103 194
≥17 (severe) 0 13 13
Total 91 116 207

kappa = 0.10; p ≤ 0.001

<10 (not severe) ≥10 (severe) Total

Modified classification: mean score observed in trials by region
Africa

<10 (not severe) 231 49 280
≥10 (severe) 41 238 279
Total 272 287 559

kappa = 0.68; p ≤ 0.001
Asia <11 (not severe) ≥11 (severe) Total

<10  (not severe) 80 11 91
≥10 (severe) 11 105 116
Total 91 116 207

kappa = 0.78; p ≤ 0.001

<11 (not severe) ≥11 (severe) Total

Modified classification: median scoring distribution
Africa

<13 (not severe) 323 81 404
≥13 (severe) 9 146 155
Total 332 227 559

kappa = 0.65; p ≤ 0.001
Asia

<13 (not severe) 89 56 145
≥13  (severe) 2 60 62
Total 91 116 207

kappa = 0.47; p ≤ 0.001
Severe 2 (100.0) 0 (0.0)

* Fisher’s Exact significant at ≤0.002.

etween the two scoring systems using modified severity cutoffs is
ot unexpected; assuming that each scoring system is classifying
everity relatively accurately, the modified cut offs standardized
he two distributions relative to each other for the purposes of
everity classification.

In this investigation, we lowered the CSS severity threshold
ased on utilizing mean scores for rotavirus-positive episodes
bserved in these trials and the median of the scoring distribution
o make it more similar to the VSS. In contrast, the Givon-Lavi et al.
tudy utilized different modified scoring categories; in that study,
hen the severity cutoff for the VSS was modified, a higher severity

utoff was used to make it more similar to the CSS. The differences
n severity threshold classifications resulted in more similarity (i.e.
igher agreement) between the scoring systems in this investiga-

ion when the severity thresholds were changed to match the mean
core in these trials as compared to the median scoring distribution
r the original severity thresholds. However, this greater agree-
ent may  not be generalizable. It is based on mean scores internal
a Table 4 presents the original classification according to severe and not severe
categories.

to these clinical trials which may  not translate into the same level of
agreement between scoring systems in other studies using different
methods for symptom collection, such as more frequent home vis-
its by field workers or diary cards for real-time parental collection
of symptoms.

The CSS identified 9.5% and 6.3% of cases as severe in Africa
and Asia, respectively. This is much lower than one-third of scores
classified as severe according to the severity scoring distribution,
while the VSS captured about 40.6% and 56.0% of cases as severe in
Africa and Asia, respectively, similar to the one-half of cases cap-
tured as severe by Ruuska and Vesikari [20] in the case population
in which it was originally designed. This reduction in identification
of severe cases relative to the proportion of the scoring distribu-
tion classified as severe when using the CSS raises the question
as to whether it was operating in these trial populations as it was
originally intended and how this may  relate to measurement of
vaccine efficacy. Due to a lack of published information on CSS
development, it is difficult to know for certain what percentage
of participants were expected to be captured as severe.

The efficacy of rotavirus vaccines in more developed popula-
tions has been shown to increase with increasing disease severity

[26,27]. In these trials of PRV in the developing world, we would
expect a higher efficacy against severe disease as measured by the
CSS as compared to VSS, given that the CSS score distribution was
shifted such that only the highest severity cases would have met
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he CSS severity threshold. However, the point estimates of efficacy
easured in these trials were in fact similar using the two scor-

ng systems’ original thresholds, indicating that the CSS may  not
ave performed as expected in these trials or that there may  not be
s strong of a relationship between severity and efficacy in these
ettings [6–9]. In the CSS, the definitions of behavior used (i.e. irrita-
le, lethargic, and seizure) are subjective and do not have the same
eaning or may  be perceived differently in developing, as com-

ared to developed, country settings leading to a reduction in the
otal CSS score. Additionally, since parents were not provided with
hermometers and did not commonly have thermometers available
t home, the full duration of fever may  not have been captured,
esulting in a reduction in the total CSS score.

In the development of the original VSS, items were scored by
reaking the score for each item into thirds [20]. It is not clear how
ild, moderate, and severe cutoffs were created for the CSS [17,22].
mong the common items contained within the scoring systems,
ith the exception of temperature, the VSS had a higher propor-

ion of episodes with item scores of 2 and/or 3 for the five items
ommon to both the VSS and the CSS. These differences indicate
hat the remaining severity classification discrepancies between
he VSS and the CSS may  be due, not only to the severity thresh-
ld chosen, but also to the differences in individual item scoring. In
rder to obtain equivalent severity cutoffs between the two  scoring
ystems, item cutoffs should be reconsidered. While better consis-
ency between severity score cutoffs could be achieved, due to the
ifferences in items included in each scoring system and because
he CSS is affected more by missing a symptom than the VSS (i.e. CSS
oes not provide a point score for the number of diarrhea episodes
ntil two episodes have occurred and for the duration of vomiting
ntil 2 days of vomiting have passed), it is unlikely that the sever-

ty scores would ever identify the exact same proportions of severe
isease in any population.

Weaknesses of this post-hoc analysis included that the tri-
ls were designed to capture moderate to severe cases and, as
xplained in the main efficacy manuscript for Africa [8],  despite
ommon case capture methods, success in capturing cases differed
etween sites and regions. The challenges in capturing and scor-

ng cases for the Mali site are described in this supplement [28].
espite this, scoring distributions for the VSS and the CSS appeared
ormal in each region. Additionally, diary cards were not used to
ollect symptoms at home in these trials and, depending on health-
are seeking behaviors, the average time from symptom onset to
linic assessment varied by participant and site, thus leaving some
ites more dependent on parental recall than others and allowing
pisode severity to develop further before seeking treatment at a
ealthcare facility. Larger discrepancies were identified between
he two scoring systems in Asia as compared to Africa; the scoring
ystems, originally developed for use in middle- to high-income
ountries, did not perform similarly across low-income regions. For
he CSS, this may  be due to differences between regions in inter-
retation and understanding of subjective items, like behavior and
emperature duration. For the VSS, this may  be due to differences
n rehydration and hospitalization patterns between regions. It was
lso observed that, based on the number of participants enrolled
t each site, some sites captured an increased number of cases as
ompared to other sites which may  have been due to differences
n medical facility utilization by site, indicating a challenge of run-
ing any multi-center trial and trying to ensure that case capture
ethods are identical, regardless of cultural differences in health

are seeking behaviors.
. Conclusion

These results add to the body of evidence that the VSS
cores more RVGE episodes as severe than the CSS and that, for
0S (2012) A159– A166 A165

consistency between studies, one severity scoring system should
be used. Researchers should also be cognizant that the study imple-
mentation methods (i.e. the use/non-use of a diary card, frequency
of home follow-up, passive vs. active reporting, provision of ther-
mometers), and local perceptions of symptoms will have an impact
on severity scores, and potentially, vaccine efficacy estimates. In
order to better understand the scoring systems and how they cate-
gorize severe disease, as well as to prepare for additional rotavirus
vaccine trials, future rotavirus clinical severity scoring system
research should focus on understanding the ideal mild, moderate,
and severe cut points for these scoring systems, identifying the
scoring system items contained within the VSS and CSS that are
most indicative of severe disease, and identifying an ideal single
severity scoring system for use in developing country populations
less than 2 years of age in Africa and Asia.
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