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Abstract

Background: Transparent measurement is essential when organizational capacity is com-
pared across public health institutions. The supplied analytic dataset did not contain
repeated annual scores or indicator-level evidence for the previously proposed five-domain
maturity model. We therefore conducted a reproducible cross-sectional analysis limited to
the variables available in the dataset. Methods: Twenty Romanian public health directorates
(PHDs)—10 in counties with a university medical center (CU) and 10 in counties without
one (FU)—were compared using structural indicators, eight binary COVID-19 re-sponse
measures, and a composite capacity–response index. The index was the equally weighted
arithmetic mean of four sample-normalized components: employees per 100,000 inhabi-
tants, budget per capita, previous-crisis experience, and the number of documented COVID-
19 measures. Results are presented as medians and interquartile ranges. Mann–Whitney
U and Fisher exact tests were used, with Holm correction within comparison families.
Results: The composite index was higher in CU than FU institutions (55.0 [38.0–66.3] vs.
22.0 [19.3–31.3]; U = 93.0; p = 0.0013; Holm-adjusted p = 0.0077; rank-biserial r = 0.86). CU
institutions also had larger populations, more employees, larger total budgets, higher per
capita budgets, more previous-crisis experience, and more documented response measures.
Employees per 100,000 inhabitants did not differ significantly. After multiplicity correction,
vaccination-center involvement and communication/education were more frequently doc-
umented in the CU group. Digital platforms were recorded for only two institutions and
cannot be interpreted as a digital-maturity domain. Conclusions: The available data sup-
port descriptive evidence of institutional disparities associated with the university-center
context, but they do not support causal inference or validation of a maturity model. The
composite index should be treated as an exploratory, sample-dependent benchmarking
measure pending prospective instrument development, documented scoring rules, inde-
pendent assessment, and external criterion validation. Its group difference largely reflects
the four constituent components, which should remain the primary basis for interpretation.
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1. Introduction
Public health emergency preparedness depends on governance, trained personnel,

surveillance, risk assessment, coordinated response, communication, and systematic learn-
ing. International frameworks approach these capabilities through explicit indicators and
documented assessment procedures. The World Health Organization (WHO) International
Health Regulations monitoring framework includes self-assessment and external evalu-
ation mechanisms; the Joint External Evaluation is a voluntary, multisectoral process for
identifying preparedness gaps [1,2]. The United States Centers for Disease Control and
Prevention (CDC) defines 15 jurisdictional preparedness and response capabilities [3], while
the European Centre for Disease Prevention and Control (ECDC) HEPSA tool uses indicator
sets across seven preparedness domains and links assessment to post-event review and
implementation of lessons learned [4,5].

The COVID-19 pandemic represented an unprecedented challenge for public health
institutions worldwide, requiring rapid adaptation, continuous decision-making, and the
implementation of large-scale interventions under conditions of uncertainty. While consid-
erable attention has been devoted to healthcare-system performance and epidemiological
outcomes, less emphasis has been placed on the organizational development processes that
occurred within public health institutions during the prolonged crisis period [6–8].

Public health emergencies place exceptional demands on organizational structures. In-
stitutions must rapidly coordinate resources, establish communication channels, formalize
operational procedures, and adapt to changing epidemiological and regulatory conditions.
Consequently, emergency-response effectiveness depends not only on personnel and fi-
nancial resources, but also on the maturity of the organizational processes that support
planning, coordination, communication, adaptation, and learning [9–11].

Maturity models can support structured assessment and improvement, but their utility
depends on transparent domains, observable indicators, scoring rules, feasibility, integrity,
completeness, actionability, and validation in the intended context. A multivocal review
identified 68 healthcare maturity models across 101 sources, illustrating both the breadth of
the field and the risk of creating context-specific models without adequate evaluation [12].
Woods et al. proposed that maturity models be evaluated in relation to context, feasibility,
integrity, completeness, and actionability [13]. For German public health agencies, Doctor
et al. developed and evaluated the continuous Public Health Agency Maturity Model
(PHAMM) specifically for digitalization [14–20].

In Romania, public health directorates (PHDs) are the principal territorial institu-
tions responsible for epidemiological surveillance, risk communication, implementation
of public health interventions, and coordination of emergency-response activities. During
the COVID-19 pandemic, they played central roles in case investigation, contact tracing,
testing coordination, quarantine management, vaccination campaigns, and public infor-
mation. The duration of the pandemic provided an opportunity to examine whether
repeated exposure to operational pressure was accompanied by progressive organizational
formalization [21,22].

Despite increasing interest in health system resilience and emergency preparedness,
there is currently no standardized approach for assessing the organizational capacity of
Romanian public health directorates using publicly available institutional information. Ex-
isting evaluations primarily emphasize structural indicators such as workforce availability,

https://doi.org/10.3390/covid6090155

https://doi.org/10.3390/covid6090155


COVID 2026, 6, 155 3 of 12

financial resources, or service outputs, while providing limited insight into operational ca-
pabilities related to coordination, communication, digitalization, adaptability, and resource
management [23].

Accordingly, the revised study has two objectives: (1) to describe the structural and
documented COVID-19 response characteristics of 20 Romanian PHDs; and (2) to compare
PHDs in counties with versus without university medical centers using the variables and
composite index actually present in the dataset. The study is framed as an exploratory
cross-sectional comparison, not as validation of a maturity instrument and not as evidence
that the pandemic caused organizational maturation.

2. Materials and Methods
2.1. Study Design and Unit of Analysis

This was a secondary, cross-sectional, institution-level analysis. The PHD was the
unit of analysis. The dataset contained one record per institution and did not contain a
time variable or repeated annual observations. Consequently, no longitudinal trajectory,
Friedman test, paired post hoc comparison, or pandemic-attributable change was estimated.

2.2. Institutional Sample and Generalizability

Romania comprises 41 counties plus the municipality of Bucharest, corresponding
to 42 county-level territorial units [22,24]. The analytic file included 20 PHDs (47.6% of
the national frame). The CU group comprised Bihor, Bucharest, Bras, ov, Cluj, Constant,a,
Dolj, Ias, i, Mures, , Sibiu, and Timis, . The FU group comprised Alba, Botos, ani, Călăras, i,
Dâmbovit,a, Galat, i, Harghita, Maramures, , Mehedint, i, Neamt, , and Sălaj.

The analytic sample was balanced at 10 institutions per contextual group. No sampling
frame, eligibility log, or record-level inclusion/exclusion documentation accompanied the
dataset. The sample must therefore be considered a non-probability analytic subset. The
balanced group composition facilitates exploratory comparison but does not make the
sample nationally representative and may reflect selection related to data availability or
the intended CU–FU contrast. The CU/FU classification was taken directly from the
Grup_CU_FU field in the supplied analytic dataset: CU denoted a PHD coded in that file
as being located in a county (or the municipality of Bucharest) with a university medical
center, whereas FU denoted a PHD coded as being located in a county without one. No
separate classification source, decision rule, or verification record accompanied the dataset;
therefore, the CU–FU coding could not be independently verified.

2.3. Variables and Data-Source Matrix

The analytic file contained structural variables, response indicators, derived rates,
normalized components, and a composite index. Record-level documentary sources were
not archived with the file; therefore, the provenance and completeness of each institu-
tional entry could not be independently audited. Supplementary Material S1 provides
the complete data dictionary, source data, index verification, group-comparison output,
and a formal limitations matrix (Table 1). More specifically, the supplied file was a single
institution-level CSV containing 20 named PHD records and 26 variables. No extraction
form, data-collector or assessor identities, data-collection dates, website snapshots, archived
institutional reports, or version history accompanied the file. Consequently, the original
collection, coding, and adjudication process could not be reconstructed; only the internal
consistency of the supplied variables and calculations could be checked.
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Table 1. Variables available in the verified analytic dataset.

Domain Variables Scale Analytical Use

Structural context Population; area; number of
employees; estimated budget Continuous Descriptive and CU–FU comparison

Derived structural
rates

Employees per 100,000
inhabitants; budget per capita Continuous Descriptive, normalization, and

CU–FU comparison

Experience Number of previous crises Count Index component and comparison

COVID-19 response
Eight binary measures; total

number of documented
measures

Binary/count Response profile, index component,
Fisher/Mann–Whitney tests

Composite
components

Normalized staffing rate,
budget per capita, previous
crises, and total measures

0–100 Equal-weight exploratory index

Source
classifications

CU/FU group; rank;
efficiency label Ordinal/categorical

CU–FU comparison and traceability;
the external basis for the group
classification and the efficiency
thresholds were undocumented

2.4. COVID-19 Response Indicators

The eight binary indicators were mass testing (M1), epidemiological investigations
(M2), quarantine/isolation (M3), hospital coordination (M4), vaccination centers (M5),
communication/education (M6), collaboration with emergency inspectorates and local
authorities (M7), and digital platforms (M8). The total response count was the row-wise
sum of M1–M8 and matched the stored total for all 20 institutions. M1 was zero for every
institution, whereas M2 and M3 were one for every institution; these invariant indicators
were retained for transparency but provide no discriminatory information. Throughout
this manuscript, a value of 1 means that an activity was recorded in the supplied dataset
and a value of 0 means that it was not recorded; neither code independently confirms the
activity’s actual presence or absence, intensity, coverage, quality, or effectiveness.

Digitalization was not treated as an organizational domain. The dataset included
only one binary digital item (use of digital platforms), which is insufficient to represent
infrastructure, interoperability, governance, workforce capability, data analytics, security,
or other dimensions addressed by established digital maturity models [13].

2.5. Composite Capacity–Response Index

The composite index was reconstructed exactly from the dataset. Employees per
100,000 inhabitants and budget per capita were first calculated from the unrounded source
values. Each was min–max normalized within the 20-institution sample: N(x) = 100
× (x − xmin)/(xmax − xmin), rounded to the nearest integer. Previous-crisis experience
(range 0–3) and total response measures (range 2–7) were normalized using the same rule.
The composite capacity–response index was then calculated as ROUND[(Nstaff + Nbudget

+ Ncrises + Nmeasures)/4]. Equal weights were used. The reconstructed index matched the
stored value for all 20 records.

Because normalization used the minimum and maximum of the selected sample, the
index is sample-dependent. It combines structural capacity, prior experience, and docu-
mented response activity; it is therefore not a pure measure of organizational maturity. No
alternative weights, expert-derived weights, or outcome-based calibration were available.
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2.6. Statistical Analysis

Continuous and count variables are reported as medians and interquartile ranges
(IQRs), consistent with the small sample and non-normal or bounded scales. CU and FU
groups were compared using two-sided Mann–Whitney U tests. Effect size was expressed
as the rank-biserial correlation, rrb = 2U/(nCU × nFU) − 1, with positive values indicating
higher ranks in the CU group. Binary response indicators were compared using two-sided
Fisher exact tests. Holm correction was applied separately to the family of continuous
group comparisons and to the family of binary response comparisons. Unadjusted p-values
and Holm-adjusted p-values are reported. Fisher’s exact test was used for binary indicators.
The reported effect sizes quantify rank separation only within this selected non-probability
sample and should not be interpreted as population effect estimates.

The CU–FU comparisons were not adjusted for population, institutional size, resources,
or regional context. A multivariable model was not fitted because n = 20 provides limited
degrees of freedom and several candidate covariates are mathematical components of
the composite index; adjusting the index for its own components would be circular. The
analysis is therefore descriptive and associational.

2.7. Measurement Validity and Reproducibility

The deterministic calculations in the dataset were reproducible, including the response
count, the four normalized components, and the equal-weight composite index. However,
content validity, inter-rater reliability, construct validity, and criterion validity of a maturity
model could not be evaluated. The dataset contained no expert-panel or Delphi records,
assessor identities or training information, independent duplicate ratings, disagreement-
resolution log, item-level maturity rubric, or objective pandemic outcomes such as response
timeliness, service continuity, morbidity, or mortality.

2.8. Ethical Considerations

The analysis used aggregated institution-level data and did not involve human partic-
ipants, patients, clinical records, biological samples, or identifiable personal information.
Ethical approval and informed consent were not applicable.

3. Results
3.1. Structural Characteristics

The CU group served larger populations and had more employees and larger estimated
budgets than the FU group. Median staffing per 100,000 inhabitants was similar between
groups, whereas median budget per capita, previous-crisis experience, and the number of
documented COVID-19 measures were higher in CU institutions (Table 2). After Holm
correction across the continuous comparison family, the difference in territorial area was
no longer statistically significant (Figure 1).

Table 2. Structural characteristics and response count by university-center context.

Variable CU Median [IQR] FU Median [IQR] U p Holm p rrb

Population (thousands) 674.5 [571.0–746.5] 373.0 [297.8–436.8] 95 0.0008 0.0054 0.90

Area (km2) 6694 [5443–7328] 5037 [4583–6156] 78 0.0376 0.1129 0.56

Employees (n) 110 [99–142] 69 [56–75] 99 0.0002 0.0020 0.98

Estimated budget (million RON) 17.4 [13.0–22.5] 7.9 [6.4–8.6] 100 0.0002 0.0016 1.00
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Table 2. Cont.

Variable CU Median [IQR] FU Median [IQR] U p Holm p rrb

Employees per 100,000 17.52 [16.27–19.07] 17.80 [17.15–20.11] 34 0.2413 0.4819 −0.32

Budget per capita (RON) 27.0 [24.8–30.3] 20.5 [19.0–22.8] 89 0.0035 0.0139 0.78

Previous crises (n) 2.0 [2.0–3.0] 1.0 [1.0–1.0] 100 <0.0001 0.0011 1.00

Documented COVID-19 measures (n) 5.0 [5.0–6.0] 3.0 [2.3–3.8] 100 0.0001 0.0015 1.00

CU, county with university medical center; FU, county without university medical center; IQR,
interquartile range; rrb, rank-biserial correlation. Holm correction was applied across the 13 con-
tinuous/index group comparisons reported in Tables 2 and 3. Effect sizes describe the selected
non-probability sample and are not population estimates.

Figure 1. Composite capacity–response index for the 20 public health directorates. Values are the
stored and independently reproduced equal-weight index. Colors denote university-center context;
they do not imply causality.
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Table 3. Composite-index components by university-center context.

Variable CU Median [IQR] FU Median [IQR] U p Holm p rrb

Normalized staffing rate 26.5 [5.0–52.3] 31.5 [20.5–70.5] 34 0.2410 0.4819 −0.32

Normalized budget per capita 26.5 [19.8–35.0] 7.0 [3.0–13.5] 90 0.0028 0.0139 0.80

Normalized previous crises 67 [67–100] 33 [33–33] 100 <0.0001 0.0011 1.00

Normalized response measures 60 [60–80] 20 [5–35] 100 0.0001 0.0015 1.00

Composite capacity–response index 55.0 [38.0–66.3] 22.0 [19.3–31.3] 93 0.0013 0.0077 0.86

All normalized variables range from 0 to 100 and are sample-dependent. The composite index uses
equal weights. Component-level results should be interpreted before the composite summary.

3.2. Composite Index

The median composite capacity–response index was 55.0 [38.0–66.3] in the CU group
and 22.0 [19.3–31.3] in the FU group (U = 93.0; p = 0.0013; Holm-adjusted p = 0.0077;
rrb = 0.86). The difference was driven by budget, previous-crisis, and response-measure
components; the normalized staffing-rate component did not differ significantly (Table 3).
Bucharest had the highest stored index (84), followed by Cluj (70), Timis, (68), Ias, i and Sibiu
(61 each). The institutional distribution is shown in Figure 1. Component-level comparisons
should be prioritized over this aggregate result. Because the index is the arithmetic mean
of its four components, the CU–FU difference largely restates the component differences
and does not constitute independent evidence.

3.3. Documented COVID-19 Response Measures

Epidemiological investigations and quarantine/isolation were documented for all
20 institutions, while mass testing was documented for none. Hospital coordination was
recorded for all CU and seven FU institutions. After Holm correction, vaccination-center
involvement (10/10 vs. 3/10) and communication/education (10/10 vs. 0/10) remained
statistically different between groups. Collaboration with emergency inspectorates/local
authorities and digital-platform use were uncommon and did not remain statistically
different after multiplicity correction (Table 4). In this section, “documented” refers only
to the coding in the supplied file and does not verify that an activity was actually present
or absent.

Table 4. Documented binary COVID-19 response measures.

Measure CU n (%) FU n (%) Fisher p Holm p

Mass testing 0 (0) 0 (0) 1.0000 1.0000

Epidemiological investigations 10 (100) 10 (100) 1.0000 1.0000

Quarantine/isolation 10 (100) 10 (100) 1.0000 1.0000

Hospital coordination 10 (100) 7 (70) 0.2105 1.0000

Vaccination centers 10 (100) 3 (30) 0.0031 0.0217

Communication/education 10 (100) 0 (0) <0.0001 <0.0001

Collaboration with ISU/local authorities 4 (40) 0 (0) 0.0867 0.5201

Digital platforms 2 (20) 0 (0) 0.4737 1.0000
ISU, county emergency inspectorate. Holm correction was applied across eight binary comparisons.
Indicator values represent documentation in the supplied dataset, not verified presence or absence of
the activities.
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4. Discussion
4.1. Principal Findings

This reanalysis found substantial cross-sectional differences between the CU and FU
groups in the population served, absolute workforce, total and per capita budget, previous-
crisis experience, documented COVID-19 measures, and the exploratory composite index.
Staffing density did not differ significantly, suggesting that the larger absolute workforce in
CU institutions largely reflected the larger populations served. The composite-index differ-
ence should be interpreted in light of its construction: three of its four components—budget,
previous-crisis experience, and response count—were markedly higher in the CU group.
Accordingly, substantive interpretation should rest on the individual components rather
than on the aggregate index.

These findings do not establish that university medical centers caused stronger institu-
tional performance. University-center status may proxy a broader institutional ecosystem,
including population size, hospital and laboratory networks, academic partnerships, work-
force specialization, infrastructure, and prior exposure to complex events. Romanian sub-
national research has likewise documented marked territorial heterogeneity in resources,
administrative capacity, and pandemic impact [22].

The binary response indicators also require careful interpretation. They indicate
whether an activity was recorded, not its intensity, timeliness, coverage, quality, or effec-
tiveness. The absence of a documented activity may reflect incomplete source documen-
tation. Conversely, a recorded activity does not establish successful implementation or
improved population outcomes. Accordingly, extreme contrasts—such as communica-
tion/education recorded for 10/10 CU versus 0/10 FU institutions—and the invariant
absence of recorded mass testing (M1 = 0 for all institutions) may reflect incomplete source
documentation or differential reporting rather than genuine performance differences or
confirmed non-performance.

4.2. Positioning Relative to Established Frameworks

The revised index is substantially narrower than established preparedness and matu-
rity frameworks. WHO SPAR/JEE assesses multiple national health-security capacities and
incorporates structured self-assessment or external evaluation [1,2]. CDC preparedness
standards organize 15 interrelated jurisdictional capabilities [3]. ECDC HEPSA contains
baseline and comprehensive indicators across governance, trained workforce, surveillance,
risk assessment, response management, post-event review, and implementation of lessons
learned; its development included literature review and international expert consensus [4].

Similarly, PHAMM is a dedicated continuous digitalization maturity model for public
health agencies [20]. By contrast, the present dataset includes only a single binary digital-
platform item. The finding that 2 of 20 institutions had this item recorded may indicate
limited documented use in the source file, but it cannot support a digitalization score or a
conclusion that digitalization was the lowest-performing organizational domain.

The defensible added value of the present analysis is therefore limited but clear: it
provides a transparent, fully reproducible description of a 20-institution dataset and an
explicit equal-weight index. It does not claim to replace WHO, CDC, ECDC, or PHAMM,
and it should not be described as a validated maturity model.

4.3. Measurement Development and Validation Requirements

A future MMDC-DSP could be scientifically developed, but it would require a separate
prospective instrument-development study. The construct and intended use should first
be specified, followed by systematic item generation from established frameworks and
Romanian legal/operational requirements. A multidisciplinary expert panel or Delphi
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process should assess relevance, comprehensiveness, and clarity, with quantitative content-
validity indices reported.

The complete instrument should provide observable indicator definitions, acceptable
documentary evidence, scoring anchors for each level, missing-data rules, weighting
rules, and worked examples. At least two trained assessors should independently score a
predefined sample while blinded to each other’s ratings. Agreement should be reported
using weighted kappa or intraclass correlation, as appropriate, together with a documented
disagreement-resolution procedure.

Construct validity should be tested through prespecified hypotheses, and criterion
validity should be examined against objective outcomes not used to build the score, such
as reporting timeliness, outbreak-investigation timeliness, service continuity, exercise per-
formance, or implementation of after-action recommendations. WHO defines after-action
review as a structured process for documenting good practices, challenges, and improve-
ment actions, making it a plausible source of external learning indicators [25–29].

4.4. Practical Implications

The current analysis can be used to identify data-collection priorities rather than to
rank institutional maturity. A national assessment should cover all 42 county-level units,
retain auditable source documents, distinguish resources from processes and outcomes,
and record the intensity and quality—not only the presence—of response activities. Digital
capacity should be assessed through a dedicated multidimensional module rather than
one binary item. Lower-resource jurisdictions may require targeted support, but allocation
decisions should not rely on this sample-dependent index alone [30,31].

4.5. Strengths and Limitations

The principal strength is complete computational transparency. The supplied data
contain 20 unique institutional records; the response total equals the sum of the eight
binary measures for every record; the four normalization columns can be reconstructed
from unrounded source-derived rates and observed sample ranges; and the equal-weight
composite index is exactly reproducible.

The limitations are substantial. First, the sample covers only 20 of 42 county-level
units and was not probability-based. The absence of an eligibility and selection log prevents
assessment of how included institutions differ from those omitted. Second, the balanced
10-versus-10 group structure may have been created for comparison and may accentuate
selection bias. Generalization to all Romanian PHDs is not warranted. The analytic file did
not contain variable-specific reference dates; therefore, the temporal alignment of structural
indicators and documented COVID-19 measures could not be independently verified.

Third, the study is cross-sectional. There are no pre-pandemic baseline and no re-
peated annual data; temporal change and pandemic-attributable maturation cannot be
estimated. Fourth, CU–FU comparisons are unadjusted and may be confounded by popu-
lation, resources, hospital density, laboratories, academic networks, regional development,
and previous crisis experience.

Fifth, the composite index is sample-dependent, uses equal weights without empiri-
cal or expert justification, and combines input, experience, and activity variables. It has
not undergone content, construct, or criterion validation. Sixth, record-level source doc-
uments were unavailable, preventing independent verification of the binary measures.
Finally, several indicators were invariant or sparse, limiting discriminatory power and
statistical precision.
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5. Conclusions
Within this non-probability sample of 20 Romanian public health directorates, institu-

tions in university-center counties had higher budgets, more previous-crisis experience,
more documented COVID-19 response measures, and a higher exploratory composite
capacity–response index than institutions in non-university-center counties. These dif-
ferences are cross-sectional associations and may reflect broader contextual and resource
disparities. The higher composite value is a secondary summary of differences in its
constituent measures, not an additional independent finding. Because the index is ex-
ploratory and sample-dependent, it should not be used in isolation for resource-allocation
or institutional-prioritization decisions.

The available dataset does not support a five-domain longitudinal MMDC-DSP, causal
claims of pandemic-driven maturation, or conclusions about digital maturity. Future work
should develop and validate a complete indicator-level instrument prospectively, use
independent assessors, document source evidence, test reliability and validity, and include
all Romanian PHDs or a justified representative sample.
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Abbreviation Definition
CDC Centers for Disease Control and Prevention
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ECDC European Centre for Disease Prevention and Control
FU Counties without university medical centers
HEPSA Health Emergency Preparedness Self-Assessment
IHR International Health Regulations
IQR Interquartile range
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JEE Joint External Evaluation
MMDC-DSP Proposed Maturity Model for Romanian Public Health Directorates
PHD Public Health Directorate
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